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InTrROPUCTION

Over the past 300 years ob ervations have
_hown that many trsues especully vascular
structures throughout the body are often 1
Jured m attacks of rheumatic fever (1222 124
176-3) The most erous damage oceurs mn the
heart to 1ts muscular substance and to its
valves Information labonously collected and cor
related 1n the past 80 years has shown that
nfections with group A hemolytic treptococa
play 2 cawsative and key role mn the pathogenests
of this disease (32 52 101 116a 12+a 128
1453 146 164 175 2) However many of the
most important a pects of the pathegenesis are
still poorly understood How mteraction of the
streptococer with the host 15 related to the de
velopment of theumatic diease of the heart and
other tissues 1n only & small proportion of the
very many human beings who are repeatedly i
fected with these microorgamsms has not been
establl hed hnowledge that has been gamed by
experiment concermng this question will be re
ported mn this monograph

It appears probable that hereditary factors
are mportant to the development and outcome
of attacks of rheumatic fever (63a 170-a
203 a) It ts also probable that tke relationship
to one another of a complicated series of patho
genetic events 1s unportant to the natural history
of theumatie drease For example 1n the case of
a given patient events that oceur well m ad
~vance of an attack of rheumatic fever mamfested
by obvious polyarthntis and/or chorea and by
ansdious heart disease at 5 years of age are 1m.
portant to the development and outcome of this
attack The outcome of attack 1 turn
may be of great importanc® to reaction of the
heart and other trsues to subsequent events
that may lead eventually to the development of
intractable heart failure 15 or 50 years after the

rheumatic attack at 5 years of age In such cases
there may be strong climcal evidence of one or
more attacks of active rheumatic disea e 1n the
long interval between the attack at 5 years of
age and the onset of heart falure many years
later But m other such cases there may be de
tected 1 this mterval either hitle or no evt
dence of active rheumatic diea e other than the
important change i some eases from year to
3year or decade to decade of auscultatory 1gns

indicating that progre.sion of rheumatic heart
dueae has occurred We now know however
that active rheumatic heart diez.e 15 often
pre ent, ometimes 1n protracted form without
fever and beneath the chmeal honzon and
reference to this form of the diseae the term
rheumatic fever appears to be mappropnate
Indeed a large proportion of adults with severe
chrome rheumatic heart disez e do not recall
their having experenced any attack of rheu
matic fever or chorea We sk.o know that infec
tions with group A streptococc: may sometimes
be so mild as to go unrecogmzed by patient or
physicten Among the pnineipal questtons to be
answered concernmng rheumatic diseae 13 the
following Why 1n some patients does active
rheumatic heart diea e continue for prolonged
pertod  caw.ng progresaive cardiac damage
sometimes without evidence of the actrvity from
chnzcal or laboratory mvestigation and some
tuney without serologieal evadence of recent
streptococcal infection?

In view of the complexity of the patho-
genesiz of rheumatie heart disease the produc
tion with regulanty of the diease in ammals
would be of great value Very mportant mn this
endeavor and essential to understandmg of the
nature of rheumatic heart di-ea.e 19 understand
g of the ongin and development of morpho-
logic changes mn the heart and their relation to
altered cardiac function 1n this disease As Ope
(133 a) has wntten  The functional aspect of
duease determmes 1ts outward mamifestation
and 1s that from which we suffer The e outward

and their und: g phy<wlogt

cal basis are 1n.eparable from structure which 1s
not more statie than function He further
wrote  Pathogenesis 15 a moving picture of
disea e to be considered from every standpomt
and with special emphasis on causation Never
theless ome aspects of disease tend to be neg
lected 1n ofar as morphologic phenomens are
iznored  That deformity of cardize valves
following protracted or repeated attacks of rheu
mati valvular disease places an important and
sometimes disabling burden on the heart 15 well
and has been h: for many

years (39) However 1t appears to the author
that there 13 wide pread neglect and lack of
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understanding of the morpholome changes m the
myecardiun and of their relation to altered fune

tton and fadure of the beart sn rheumatic heart
dieae Structural and functional integnty of
heart mu.cle cells 13 elearly of prmary mnpor

tanee to normal function of the heart The long
beld and now very widely accepted eoncept that
theumatic lessons of the myocardium, meludimg
the 50 called Aschoff bodies are nonmyogemc
lestans of connective tisue fals to explam the
sltered function and fadure of the myocardium
m this disea e Furthermore strong evidence
dernonstrates that ths concept 1s neorrect This
evidence, acqured from evpenment and de

taded histopathologie study and observable un

der o wide vamety of conditions, has been ss

sembled and 15 now submatted to demonsirate
that rheumatic lestons m the myocardum i

cludsng the o-called A choff bodies osigmate
and develop from rheumatie ijury to heart mus

cle cells them.elves Mareover these findings
when viewed 1 relation to chinieal chservations
provide evidence of the mportant cousative e

lation of rheumatie dises.e of the myocardium to
altered function and fadure of the heart i rheu

matie beart d eae m chidren and adults

That attachs of rheumatic fever can damage
the heart was recogmzed by Pitearn (141) and
by Jemner (81} m 178880 In 1816 Lsennmec
mvented the tethoscape Arded greatly by u.e of
ths mnstrument Bowdlaud who first ued the
terms endocardium  and  endocardiis  {21)
detected 1gns of beatt di ease m & large pro
portion of patrents sath acute artieular rhea
matism  and be attnbuted this heart di ease ta
rheuratic mvolvement of cardue vadves and
pencsrdiurn In 1840 he stated the followmng

In the great majonty of eases of ddfuse acute
arbieular theumatiem with fever there enstis 1
yanable degree a rheumatism of the sero-fibrous
tissues of the heart The coerdence 1s the rule
and the non-comeidence the evception (22}
Bubstantial evadence that the myorardmm cas
be miohed i rheumate disease was not ac
quired untd the end of the 19th century Pre
yious to that tune Itard (70) w 1824 believing
that skeletal muscle 13 often mveled 1 rheu
watiem speculated that the heart becau e of
sts escential mu euler structure  surely 19 one

of the viscers which ehould be most hiely the
ate of rheumstic wflammation  and he con
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the muscle of the heart without affecting such
esternal structures a5 the jomts In 1876 Besnier
{16) without histologic evidence surms ed con
cermng the then bitle considered possbibty of
rhevmatie mnjury to cardiac mu cle as follaws
This mypury occurs frequently sf not absolutely
regularly and can be ob erved 1 advanced de-
gree without considerable damage to the endo-
cardium or pereardium

Knowledge concermng rheumate le 1ons of
heart muscle cells and therr mportant relation
to cardiae fatlure 1 rbeumatic beart dues.e
has been acquired slowly Prumanly beesuse of
the widespread lach of recogmitton of the myo-
geme nature of rheumatic le sons of the myoear
dwm and the strong :nfiuence of the concept
of collagen diease ar dueae of connective
tissue  the mportance of alteration of heart
muscle cells to altered function and falure of
the heart wn rheumatie heart dises ¢ has been
widely neglected After discu.sing the patho-
logie py wlogy of cardiae valves and pencar
dium 1w rhevmatie heart disease Coombs {39)
wrote m 1824 as follows As we pas to the
more mportant morbid physiology of the myo-
carcum 1% 15 well that we should be remunded
that lesons of the serous layers ave of mmpor
tance only 10 g0 far as they tend toward the
final defeat of the cardine muscle In essence the
heart 15 » mu ele 1ts functions and properties
are mu cular and depend m the last resort on
the conditton of the cells of the myocardmm

I Poreose or Tms Coxprovicarioy

In thie communteation evidence 1s precented
1o demonstrate the ongin of Aschoff bodies and
piber leawons from mu de cells s shewmatie
beart disease This evadence stems from the

1 1nd a dial le 1on
clowely re erbling those of human rheumatic
heart duease in a small proportton of many
rabints of random stock that were repeatedly
1nfected focally with group A strepicocn (123
127 128) Recults of the e expenments provide
evidence that A.choff bodies and other myo-
cardal lesions 1n humag sheurnatee heart dises.e
result from repeated focal infections with group
A treptacocct even though these lesons de
velop 10 only & small proportion of the many
s the yandom population sa wfected Further
evidence of the close re emblance of the
natarally-oceurnng  and  expenmentally
duced dial leaoms 13 bere submitted

jectured that 1 may mvolve p
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From detaled microscome study 1t has been
found that the expenmentslly induced lesons
are denved from mjury to heart mu cle cells
This evperimental avestigation has led to ex
tensive direct evidence of the ongin of A choff
bodes and other mjyocardial lestons from heart
mu.cle celis m buman rheumatic heart disease
These latter findings some of which bave been
previously reported (123, 126) have reculted
from mtensive and detaled microscopie study
1m the past ten years of the heart of over 100
patients who died with active rheumatic heart
disease and of the left atnal appendage removed
from over 150 other patents at the time of
putral commusurotomy The evidence so ob
tamed and here Wlustrated 18 1 stmlang con
trast with the very widely accepted concept that
the e myocardial lesions are non myogeme le
slons of connective tissue Furthermore study of
myocardial artenes atnal appendages and car
duze valves has led to the finding of the htherto
unrecogmzed ongn of certain rheumatic lesions
from smooth mu.cle cells and some of the e
latter lesons can as here dlustrated re emble to
varymng degrees Aschoff bodies that are denved
from heart mu cle cells
and findings
here presented are viewed and discussed in re-
lation to chmnical observations to show the 1m
portant causative relation of rheumatic disease
of heart muscle cells to altered function and
fatture of the heart m acute and chrome rheu
matie heart disea.e . children and adults
h evidence ll d at
the end of this comtmunieation 15 1n the form of
color photohthographs that were made without
hand retouching or dot etching from the ongmnal
photographic transparencies The materal il
lustrated 1s from the following sources
1) Heart or skeletal muscle exammed st the
tune of autopsy of 36 patients compnsing 23
females and 13 males with rheumatic heart
disease who dred at ages rangmg from 17 months
o 70 years (24 patients at New York Hosmtal
© at Rockefeller Institute Hosprtal 2 at Babies
Hosptal 1 at Mount Sma: Hospital 1 at Belle
vue Hospital and 1 at New York Nursery and
Chuld s Hesprtal all n New York City and 1 at
Johns Hopkns Hoepital), among these 36 pa
tients lesions specific for active rheumatic heart
di.ease were found 1n 31
2) Leit atral appendage of 10 patients com
Pring 9 females and 1 male whose ages ranged
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from 29 to 55 years when the appendage was
surgically removed at the tume of mitral com
russurotomy at the New York Hospital m 7 of
these patients there were found lesions speafic
for active rheumatic heart drease

3) Heart or skeletal muscle of 16 rabhits (15
died 1 was sacnﬁced wlnle very il after focal
group A
rabbits of random stock and 11 rabbits of stock
specially bred i long term expenments that
are continung In brief explanation of the spe
cally bred stock 1t should here be emphasized
that among the very maeny rabbits of random
stoch that have in the past several years been
repeatedly infected focally with group A strep-
tococer omly a few have developed lesions hke
those of rheumatic heart disease and 1t 13 pote
worthy that rheumatic fever (and rheumatic
heart di ez e) develop i only a few among the
random human population who experence re
peated 1nfeetions with group A streptococer
The occurrence however of rheumatic fever
(and rheumatic heart disease) in lugh meidence
m certain human fambes motivates our striving
to develop by speemal breeding families of rab
bits analogous to these human famles with
respect ta develop: of lesions of rh
type Several jears ago an imtial group of
breeders were selected from 01 rabhits of 17
ltters of known parentage from random stock
of the Rockefeller Institute by testmg therr
reactivity to Tepeated focal infections produced
1n sequence by group A streptococer of the fol
lowmg erological types Type 19 Type 1 Type
Londor and Type 3 Approumately one month
elapsed between the first and second and be
tween the econd and third mfections and ap
proamately two months between the third and
fourth wfections In a rabbrt of random stock
thus system of infections had previously resulted
m a fatal iloess associated with marked i
regulartty of cardiac rhythm 10 days after the
last mfection In the heart of this rabhit were
found mcroscopreally a varety of lesons of
rheumatic type mvolving myocardium cardiac
valve and myocardial artenes The capacity
of rabbits to dev e]op cardiag lesions after foeal

13 ob ly diffienlt

to ascertam durng bfe in the ammals and
rucro copic <tudy 15 the most rehigble means
of venfication Nevertheless after two or more
of the mfectzons outhned above signs and symp-
toms have oceurred which have cupplied us
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with the following entena for wee 1 selection of
‘postive  reactors for further breedmg 1}
[ hyper to f 2)
evidence of general slne s ie, werght losy
sustamed anorexa, elevated erythroeyte edi
mentation rate 3) abnormal cardic rhythm,
development of heart sounds of poor quality
meluding  lurnng and muffing and finally of
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in cardiac atra valves and myocardial ar
tenes, and it can be seen that some le sons of
smooth muscle cells 1o these sites can resemble
to varying degree Aschoff bodies that are de
mved from (stmated) heart muscle gells The
occurrence of heart mu cle fibers wm cardize
valses 15 Qustrated m the figures of Plate XIIT
In Plates XVI and XVII ean be seen a vanety
of rh lestons that are dettved from

greatest valne devel of cardiac
Au eultabion with regulanty of rabbit hearts
m the last eeveral years has ndreated that the

heart muscle cells
Pertinent chmeal information and hzstopatbo
logreal d the phatol

of systolic both
snd permanent 1s very ialuable to the detec
tion of heart diease in election of pomfrve
smumals for further breeding and stethugmms

graphs Pogs 0 49,51 56 58 62 65 92 95 109
121 122 151 and 15¢ are from rabiuts of stock
pecially bred as outlmed eatlier m this ection

T e i and direct tustologse find

fram the ammals made mith an el

graph stethograph  umt (Cambnidge Instru
ment Co) give visual proof of these murmurs
When rabbits die after two or more wfectrons
and thewr hearts show active lestons or cars
thewr :bhngs that have most posirely reacted
to streptocoecal mnfections are set asde for fur
ther breeding The oceurrence of «carmng m

1mgs concermng rhenmatic le rons of musele cells
it the heart are diseu sed 1x defadd 1 sections V
through 1 of the tevt of this monograph In the
wterest of achieving histoneal perspective these
ections are preceded by detaed hustoncal sec
tons on cardiae dilatation wn active rheumatre
bean disease the earher absenauuns on the
of the

valves m: and din}  arterzes
m addition to occurrence of active lesions m
the.e sites i3 of mpomnce to us from several

heart disea e and the culmumtxon m recent
years of the concept that the characterntic
chal [e 1008 ate non myogente

pomts of view el 3t of cardiac
lestons with sbnormal cardiae 1gns 1 bfe and
choice of postive sblings for further breed

mg

The phatolithagraphs m Plates ¥ and I 8
lustrate the rlo e resemblance between the ©
catied A chofl bodies i man and myocardsal
lesions expenmentally wduced by us 1n rabbits
by repeated focal mfections with gronp A
streptoeoces Further ewidence of the close cum
danty of human rheumatic and the expen
mentally mduced myocardiml le 1ons 15 found
1 Plates VI VII and XVII The figures 1o
Plates 11 through IX and 1n Plate XVIIT dllus
trate the ongn of A choff bodes from heart
mu cle cell. The figures m Plate IX pomtedly
Sy trate the oreurrence of & choff bodies 1 the
2b ence of demonstrable change 1 connective
ticsue  and this 15 also llustrated m many fig
ures of other plates In Plate X the ongin of
ubendocardial A choff badies fram heart mus
¢le cells 1n atmal appendages and the tmhaog
resemblance of thece lestons to a ventrieular
«ubendocardsal A choff body (Fig 87) 1s dem
onstrated The figures in Plates XTI XII XIV
and XV taken together illu trate the ongm
of rhenmatic Je 008 from  mooth mu cle cells

alterations of connective tissue In <ections X
and XTI ewdence 15 given of the unportant can 2

tive relation of theumatie dies. e of heart rus

cle cells to altered function and faslure of the
heart Finally 1 ections XII and XTII there
are respeetyvely discussions of the relation of
rheumatic Jesions of blood ve..els 1 the heart to
mj acardial damage and the relation of yvalvular
deformaty to myocardia} function and farture

II Camprac Diatariov v Acrive Rueo
wmatic HEart Disease

In fatal ca es of sctive theumatic heart dis
ease the sentmeular chambers particularly the
left are generally diated sometunes markedly
Such dilatation may be een when nmher sal
yulor d nor zre
present and 13 as ooated with dilatation of the
atno-ventnenlar valve rags (39 51, 104 105
190) On ths pomt Coombs (38} wm 1924
wrote as follows  If the heart of 2 child dying
dunig an active phace of cardie rheumatism
be looked 8t the fact that will at onee strihe
the obeeryer 13 the enlargement of the ventneley
Before the heart 12 ppened this 1s chefly ap-
parent as & widenog of the heart due ton
crea e of the tranver o duameter of the ven
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trcle which gives the organ an unduly globular
appearance When the ventricles are open 1t
35 found that their cavities are widened m the
same way As a rule this 13 especially notrceable
1 the left ventnicle The normal ventncle when
examned post mortem 1s found to have carcely
any cavity but in the e cases there 15 2 quite
conmiderable space to he seen
In 1878 (sixteen years before Brets and
twenty six years before Aschoffs and Tawaras
deseription of the lesions now known as Aschoff
bodies) West {190} reported the ca € of a young
woman who showed rapid eardiac enlargement
and died five days after the onset of migratory
polyarthntis At autopsy normal heart valves
no evidence of perieardibis and no pericardial
effusion were found but the left ventricle was
considerably dilated The myocardum showed
several pale pafebes  and West further ob-
served  Microscopic examination showed that
1 the e white patches the mu.cular tissue had
undergone acute granular (fatty) degeneration
1ts fibers being converted into granular eylinders
There was no imterstitial growth  After view
g m the hght of this case two other patients
with acute rheumatic fever who showed for
many days 1gns of acute cardiac dilatation with
feeble heart ounds and without evidence of
pericarditis West concluded It 1s possible
that more extended and careful ob ervation may
show that such dilatation 13 not by any means
50 uncommon as 18 usually thought It 1s capable
we know of producing murmurs which usually
disappear with convalescence and 1f as seems
posible this dilatation has for 1ts eause orgame
change m the muscular fiber a reasonable ex
planation 15 provided of the true patbogeny of
manjy of the o called anemie or blood murmurs
of rheumatic fever and a caution 15 given as to
the need of the most careful treatment of such
caes  YFisher (51) m 1896 concluded irom
chnieal pathological analy 1s that mitral msuffi
crency that develops during attacks of rheumatic
fever 15 due to dilatation of the left ventrcle
rather then to valvular mflammation or de
formity
Lees and Poynton (104 105) sub ex
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during theumatic attacke an mmerease imn the
area of cardiac dullness that was followed by
duninution 1n the size of this area as unprove
ment oceurred They also demonstrated increase
1n the area of cardiac dullness duning recurrent
attacks Investigation at autopsy by Hernng
ham (104) of patients from whom tracings of
cardiac outhne had been made were ated by
Lees to show that their tracings of the cardiac
outhne obtamed by careful percus.ion indicated
with con 1derable accuracy the position of the
s of the heart both 1o the left and to the
nght As control materal they used tracmgs
of the area of cardac dullness i 80 children who
were free of theumatic heart di ease From anal

ysis of the post mortem records of the Great
Ormond Street and St Marys hospitals m
London of 150 cases of fatal rheumatic heart
U ease w chuldeen under twelve yemse of 2ge
they found that m 92 cases (61°') special men

tion had been made of cardiac dilatation mn the
autopsy records and in 58 cases (387) the
dilatation had been recorded as marked On the
other hand excess of pericardial fud was un

common 1n only 12 of the 150 cases was more
than two ounces noted Coombs (36) m 1907

stated that in the great majonty of chldren
with rheumatie fever studied by lum the signs of
cardiac dieae were referable to ventmeular
dilatation and it corollary mtral mncompe

tence Of the common dilatation of atrio-ven

tricular valve nings he later wrote (39) Slung
10 the mudst of cardiac musele as these rings are
1t 15 not wonderful that they should participate
1n the general stretching which the mu culature
of the heart undergoes as we have seen 1 car

duze rheumatism

I Earty Opservamions oN tHE Hisropa
THOLOGY OF THE MYOCARDIUM IN REHED
ya71c Hearr Disesge Specran REFerencs
70 THE S0 CALLED AscHOFF Bovres First
CresrLy DESCRIBED BY BRrET

In a fatal case of rheumatic fever Goodbart

(63) 1 1879 observed on mueroscome study of

the heart with widely dilated left ventncle a

tensive evidence of acute eardme dilatation m
attacks of rheumatic fever m chuldren and young
adults After outhmng by ecareful percussion
the area of cardiac dullness they made serral
tracings of this area (without reference to pre
vious tracings in each ca e} and demonstrated

quantity of cell growth
around the ves els and between the muscular
faserculr  In 1887 Cadet de Gassicourt 27
wrate that 10 the myocardm attacked by m
flammation 1n rheumatic fever the irntative
proce s Which develops in the depth of the mus
cular substance 15 rendered evident by the de

"
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iormatmn of the muscular nuclex and by the
of celiular 1 growth  He
considered rheumsatic le sons of the myocardm
to srepre ent snterstitial myocarditss Lrehl (84}
1 1859 reported finding sn the myocardum m
terstitiel  changes thst he interpreted to be
progres ve and vanous degenerative changes
a.soeiated with proliferated sntimal and medial
elements with parrowing of the lumen of me
dium sized and  mall myocardial artemes He
considered the e changes to be more mnportant
to heart falure than valvular deformity He
further suggested that precordial pawm in rhen
matic fever 15 direetly related to vascular lesiong
m coronary artenes apd anslogous to the pam
of angma pectons zsociated with coranary
In 1894 Romb {153y re
ported on the oceurrence m the heart m two
fatal caces of rheurmatic heart di ease of nu
merous small d t

of
tissue which were nch m nucle: and m aewly
formed blood vessels and he further observed
m many <ites large cells and m one place
poorly stamed greatly elongated and distended
nucler
In the same year Bret (24) pubbshed o de
talled miero cope devensption of the myoceardum
11 a seventeen yenr old girl who died dunng an
attack of acute rheumatic fever After descnb
mg embryome prohferation n the form of
and ds i forr mear '
1 the subepicardial azen of the myocardmm he
further bed the f of
the e embryome penvascular prohfemtlons there
eust deep 1 the cardsac mut cle at & consader
able distanes from the mnflamed perscardium
other foct which appear absalutely independent
of sll comneetton with blood sesels or con
pectine tissue They sare for the most part
rounded mas.es or elongated trals paralle} to the
direction of the muscle bundles, snd m the
wterstices of the latier They appear to be of
umform ¢on titution which 15 approumately
the following  the central part of these mnflam
matory foet 13 formed of opague ca eous blachs
that stamn sery strongly they appear to result
wm our opion from degeneration of cardue
mu cle fibers At thewr penphery are arranged
a multitude of embryonie efoments In certan
auch smaller foer swhere the eoalescence of these
Istter 1 le  ove eces very distmnctly m the
fibers that are destined to degenerste that the
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nucleus 33 enotmoudy enlarged and becomes
opaque

The above deseription by Bret. sppears to be
the first clear description of the lesions that are
oow known as Aschoff bodies Bret also de
senbed exten.ave changes 1n the myofibers of the
papillary muscles of the left ventnele, and of this
change be wrote as follows At some distance
from the connective hissue and vascular regions
the alterations of the fibers ate considerable They
show for the most part 83 desenbed by Lepme
and Mollard, 2 considerable exaggeration m the
longttudinal stniations, the fbnilar elements,
con 1derably spread apart one from the other
present the aspect of brstles spread apart 1 2
metalbe brush Some fibers 1 great numbers,
appear empty, the clear spaces oeeupying ene-
third or one balf of the tranoverse ates of the
cardiae cell Finally at a mose advanced stage
of this ame lowon, the neighbonng fibers Jose
thew mdwiduabty melting 1nto 4 granular ma.s
deverd of nucleus and with granules representing
with certamty the persistent prumtre cyln
ders

Renaut (147} 1 1599, with vespect €0 changes
1 the nucler of heart muscle fibers m rheumatic
fever wrote as foliows  The nuoles can merease
m pumber, and 1 this manuer vemforce the
cellular defense by multsplyng 1o the elements
mvolved m the struggle In the ame year
Poynton (142) described 1n the myocavdm  foct
of cellular exudation preading from the blood
vesels and cellolar evudation between the
muscle fibers 1 addition to numesous foes of
fatty change m heart muscle cells 1 cases of
rheumatic fever In 1002 Janot (B2} reported
that m three cases of acute rheumatic myo
carditis studied by hum the cardiae muscle
fibers weve effected alma ¢ exclusvely In one
ea.¢, that of & seven year old gul be reported
change 1 the myocsrdmum 83 follows  The con
nective tissue appears pot at all affected m our

ections except at one pomnt which 13 an old

le1on The imtense and recent lemon is excly
snely parenchymatous In hus econd co.e he
yeported that the myoeardial le tons mvelved
the musele cells only, and 1 hus third case he
reported vacuolar alteratsons of the mu.cle cells
witha wesk connective tissue reaction

In 1904 A choff (3} reported on Tawaras
study with Ium of the hearts of five patients
wmth artienlsr rheumatrm and he stated that
they had confirmed the findings of the Leipng
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school (hrehl and Romberg) regarding the
general oceurrence of mterstitial change m the
myocardium associsted with valvular insuff
cency As a feature of this change they de
eribed m the hearts of two of these patients
peculiar nodules whch appear 1o be speeific for
the rheumatic myocarditis  They observed these
nodules 1n the neighborhood of small or me
dium stzed blood vessels and they further
wrote The aforementioned nodules are un
usually small mestly submibary, and originate
by the conglomeration of large elements with
one or more abnormally large indented or poly
morpe nucles The arrangement of the cells
frequently oceurs m the form of a fan or a
rosette The penphery 1s formed by the large
nucler the center by the paler or colorle s ap
peanng necrotic mass of confluent cell proto
plasm  This deseniption 15 strikmngly ke that
reported ten years eather by Bret Aschoff be
lieved that the guant cell hike large nuelested
elements i these nodules are derved from
adventtial cells of blood vessels He and Ta
wara were unable to explan the symptoms of
heart fallure m rhewmatic patients on the baas
of the interstital myoearditis  with or without
nodule formation and because they could find
no histologie pattern for the falure of the mus
cle mass 1t was nece.sary to consider that not
the muscle mass as such but only a certam part
was injured namely the so-called atnoventne
ular bundle which gives automatieity according
to the myogeme theory  But in none of three

299

giant cells from mu cle fibers m caces of 1dio
pathic myocarditis

A year later Gerpel (57) m 1905 reported
results of hig studies begun mn 1903 on the
myocardial lesions 1 rheumatic fever In four
teen cases he found nodules bke those reported
by Bret (24) n 1894 and by A.choff observed
that these Jesions occurred at some distance as
well as close to blood vessels and considered that
they were speatfic for rheumatie fever In agree
ment with A choff he beheved that the large
cells arose from wandering vascular adventitial
cells but i contrast with the view of Aschoff
he believed that these cells were called out m
reaction to a prmary degenerative change
connective tissue 1n particular swelling followed
by necrosis of collagen He also concerved that
1n these lesions the mtercellular connectrve tis
sue substance becomes fibnllar He ascribed
damage to heart mu cle cells to atrophy cauced
by the pressure of adjacent rheumatic nodules
In a fifteen year old boy wha died with acute
rheumatic heart disease Geipel {58) found var
10us degenerative changes m many skeletal mus
cles and he conadered that these lestons of
skeletal mu cle were not specific for rheumatic
fever In the following year A choff and Tawara
(6) agamn dented the ongn of the large cells
from heart muscle cells and suggested that they
were possibly lymphocytord eells They be
Lieved that a rheumatic virus ealls out a pro
Liferative reaction of these eells and that necrosis
of the centrally located prohiferated cells 13 a

cases of rheumatic fever with specifie dial
nodules could Tawara find after detailed study
z2lteration of the atmoventneular bundle to ex
plam the heart faillure In discu.sion of Aschoffs
report Zur Mjobarditisfrage Babes stated
that 1o my expenence the changes m muscle
cells and nucler 1n myocarditis are not so 1
sigmificant as 1t appears Herr Aschoff as
sumes Furthermore he stated that in tuber
culous and syphihtic myocardial le 1ons grant
cells that he had observed were denved from
muscle cells and he referred 1o a case of chronte
endocarditis 1n which be bad demonstrated a
pecuhar form of segmentatron of heart muscle
fibers Al o m the discu sion Buse reported
that the grant cells m large numbers that he
had found m hearts with sy phulitic inflammation
undoubtedly onginated from muscle fibers and
Schmorl on the same occaston reported that he
had confirmed Fiedler s report on the ongm of

secondary Saigo (158) m 1908
briefly mentioned that some of the gant cells
m Aschoff bodies m one rheymatic hesrt he had
studied might be of myogeme ongin whereas
the other large cells 1n these lesions he con
1dered to be epithehoid cells In the same year
Coombs (37) suggested that the charactenstic
g y nodules a pe
culiarly defimte type of connective tissue reac
tion 2t the actual pomts of 1nfection by micro
orgamsms and i 1910 (38) he drew the anslozy
of the Aschoff body 1 the myocardmm ctandmng
i relation to the subcutaneous nodule as a
mahiary tubercle <tands m relation to a large
tuberculous mass Thorel (182) 1n the same year
mterpreted A choff bodies as developing from a
pecubar primary focal degeneration of muscle
or connective tissue that 15 associated with
aborttve regenerative changes i the muscle
fibers and prohferation of neighbormg con
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nective t5 te cells , and he beheved the e fe
1088 are eactions to diplostreptoeoees De Vecehs
{188) m 1912 conmdered that A choff bodes
are yeactions to focal myoeardial neerows pro-
duced by a rheumatic virus Frank (53} 1o the
game year Jtated that the pruary snd essential
process repre ented by rheumatic subeutaneous
nodules 15 exudation fouoned by an wnflerema
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cellular probiferation 1n the first case and prom
nent Sbnnous exedation m the latter two lestons
Bwift (174) and Coombs (39) m 1924 m agree-
ment with Jack: on the essential amanty of
the ubcutaneous nodules and the rayocardsa]
A choff bodies concluded, as Mallory had 1n the
case of the Aschoff bodies that the charseterstie
large colls ;m both le 10ns develop from va.cular

b and Coombs suggested that pro-

tory reaction d with of
connecttve ti sue elements and 1 turn by organt
zaton of exudate A core of homogeneous ma
tenal  lamng wiensdy red with eosun be
believed to be fibrn

Tilp (183) concluded that nodules found m
gales apeneuratien were lustologically like tho e
in subcutaneous tissue and hke the nodubes
de enbed by Aschoff in the myecardum How
ever Huzella (77) m 1914 reported the oceur
rence of keletal yau ele lesons very sumiar to
Aschoff bodies m two cases of rheumatic fever
He thought he cowld trace the ongm of gunt
cells m these le ons from mu cle cells and by
analogy he euggested that some gant gells mn
A choff bodies may ongmate from heart mus
cle gells Bot 1w disc mon of Huzellas report
A choff apd Franhel strongly wsisted that all
A choff hodies are lesions of connective 4 sue
elements and do not compr e myogeme ¢le
ments In 1919 Jacki (80) luded from study

hferating va cular endoeardial eells ean mmtate
the Isrge cells of the A choff body A sear later
MacCallum {130) wrote contermng the re
marhable large cells m A choff bodes , that
eseryone agrees they are pecubar to rheums
tism and that the lasge cells are not dersatives
of the mut ele cells of the myoeardwm  In con
trast Letulle Bezangon and Wed (106) m 1326
submutted histologie evidence 18 a ca.e of fatal
rheumstic fever that was very suggestive of the
formation of gant cells from ecardme mu cle
fiber  which they considered to be the yesult of
fragmentation of myofibers and amutotie division
of thesr nucler Symmers (177} m 1978 though
he ubmitted no evidence stated that in A choff
bodues the heart muscle fikers theraselves appear
to <uffer damage followed by an attempt to re
genesrate with formatiwon of multinueleated gant
ce!ls He further stated that he could see no
it 1 relation lap between subcutsneous

of eubeutaneous nodules that the e lesions repre
sent ¢ sentially & probferaty e resction whach can
e zecornpamed by exudation of fibnn  and she
considered that theee Je jons and Aschoff bodies
are genetically simiar with small differences
bemng accounted for on the bass of dufferent
ground sub tances e vanous 4 sues In the fol
lowng year Mallory (112} mterpreted the ehar
seterstie yheumatic my ocardual Je ton as repre
enting collagen  attacked and di solved by the
action of endothelial Jeuhooytes which sometimes
form multinucleated cells However n the same
year Whitmian and Hastlake (202) reposted that
they could trace 1n an area of myocardium 1n one
theumatic heart the ongin of some cells
A.choff bodses from myofibers and mn the same
year Huzella (78) 1 follow up to kus repert
mven m 1914 stated that the charactens tie
con.tituents of rheumatie nodules are myogenic
snd T bave found thes etructure nowhere out wde
the heart and sheletal mu eulatore  Fabr (49)
1 1021 differentiated the myoeardial nodules on
the ane hand from subrutaneous and synovaal
Je 100 on the other on the ba 13 of predomsnant

nodules and Aschoff bodies A year later Graff
{64) distingwished between two forms of reaction
' theumatic fever 1) the Aschoff bodies com

pHimpg predommantly prohferted moble cells
that he cancessed could become fused and 2}
the etracarhac lemons such as those i tendon
heatt that he behiaved comprs ¢ changes of
collagen fibers and other connective trLsue ele

ments with proliferation of celly

IV Curamarion v Recsyr YEARS OF THE
Concepr oF Conngerng 71ssux Ontory
oF ewe Seecrrre REsvmaric Leawows ¥
TiE MyoraARDIDM THAT ARS GENERALLY
haown as Ascuorr Bovres

In 1830 Neumann (131) descnbed . mflam
mation of erots synowisl and mucous mem
branes and of vascular mtima and endocardrmum
what he mterpreted to be o certamn struetural
alteratton 1n conneciive tweue for which be in
troduced the term  fibninaid degeneration  and
he refersed to the product of this change as
fibrmod sub tance  because it resembled and
tamed ke fibmn e wterpreted verrucous
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as probably r g mflamed

d that 13 ¢k d by myxoma

proliferated valvular tis we which had undergone

tous edema and degenemtmn of the mtermediary

the de enbed fibrnoid but he

found the cifferentiation from layered throm
botic mas.es of fibrous matemnal to be very
difficult In 1896 Neumann (132) reported ex
tension of his ob ervations on fibrinoid de-
generation 1  inflimmation 1 synovia
pleura pericardium endocardiim  peritoneum
and 1 diphthenttic iflammation 1 the mucous
membrane of the trachea In additon he de
senbed  fibrmord substance 1o the wall of
tuberculous caviies He concluded that ths
substance represented a fibrin like transforma
tion of collagen fibers At this time he alo
stated that he was conviced that verrucous
endocarditis 15 the product of fibnnod de-
generation of connective t1 cue

In the same year hand (116) ded

of cells 15 lackig In
the extra card.xsl localizations there 19 added to
the e changes a promment depostt of fibrmous
exudate In the case of the myocardial localiza
tion of the process the evudative-degenerative
moment 13 ucually weak and the process appears
to begin with a pnimary cellular proliferation
which 15 1n accord with the views of Aschoff
In the ca.e of what he referred to as fibnnoid
substance m Aschoff bodies Talalajew left the
question open as {o whether 1t repre.ents
fibrinous exudate or fibrinous transformation
of the collagenous substance Talalajew further
wrote If cone takes mto consideration prma
pally the extra cardaac localizations of the rheu
mzme process which are usually considered to be

that fibnnod degeneration of connective tissue
belongs to the vague ideas of

1cally the same as the alterations m
the heart one must emphasize that the exuda

which are enly switable for be foggng well
vestigated proces es and for this rea on must be
discarded

‘The views of Talalajew summanzed by hum m.
1929 (178) amplfied the concept that rheu
matie lesions develop from primary alteration
of connective tissue He suggested that there are
three phases m the life cycle of th le

tive stage 18 lly clear and
unequivocal

From 1930-33 Kipge (91) and associates
reported results of extensive studies on the pa
thology of rheumatic fever They concluded that
therr findings fully confirmed the view of Talala
Jjew that the basic and charactenstic theumatic
lesion 1n whatever tissue of the body 1t occure

1N 1L change m the con

sions 1) primary exudative-degenerative change
m connective {1ssue 2) 2 econdary proliferative
process with development of syncytial masses
and finally 3) a sclerotic or healing phae He
wrote as follows The views of Frank Thorel
and Geipel were brought together by Talalajew
n 2 omewhat different formulation The ex
dat changes m the
substance of the connective t1 <ue (stage of dis
orgamzation) he presumed to be prmary and
the proliferative changes econdary Of his con
ception of this primary change Talalajew wrote
In cases of acute rheumati m with early fatal
termmat)on there are seen to develop first for
the & f typ
cal focr of a myxomatous edems with typxcal
ba ophiic  diffuse 2nd b

nective tissue They wrote as follows In this
prmary lesion which exhibits a swelling of the
ground substance of the conmective tisue with
subsequent degeneration we believe that one
sees the e.sential change found m all rheumatie
lesions From thus primary lesion there develops
—by proliferation of the mesenchyme cells—the
cellular nodules the mo t distmetive form of
which 15 the A.choff heart nodule Klinge
stated that the earlest change 15 1n the collagen
ﬁbezs and he called this chs.“ge Fruhuofiltrat
( des holl
Bindegewebes ) and this change he concerved
1o be followed by a degeneration of the imter
fibrillary substance of the collagen fibers that
then acqure the property of stamng hike fibnn

of the collagenous fibrous tissue develops And
be further wrote  The collagenous bundles swell
and become homogeneous Al o there 1s swellmg
of the cellular elements an merease of their
circumference and an ob ervable destruetron of
oceaonal eells This stage of the rheumatic
Proce s we have d as the

(fibrmoid  d The acute stage of
Fruhinfiltrat and fibrmord degeneration of the
collagen fibers ( akutes degenerative exsudatives
Qtadum ) be concerved to be followed by a
subacute chromie granulomatous stage (granulo
mato es Stadium des Zellknotchens } the stage
of the fully developed A choff body 1 which

there 15 L of me enchymal connec

~CAL 7
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tive tissug cells n reaction to the collagen dam
age, and ths 13 followed by sear formation
{ Narbenstadum'} Khnge dlustrated in sys
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some of the lesions re embled those of per

artentis nodosa thrombo angntis obliterans and

espeasally rheumatie artenitis Khnge Vaubel
Turoh

tematie drawmings in color fus coneept
the sequence of changes in collagen fibers That
mucle cells are not direcily mvelved m mye
cardial nodules Khnge bebieved could not be
questioned  But he tecogmzed that heart muscle
cells gre often damoged n rheumatic fever,
and he attributed this damage m some wmstavees
n agreement with Geipel to pressure exerted by
A.choff bodies on contiguons muscle cells sad
1n other mstanees to direst theurmatic wmpury to
muscle cells
In 1901 Menzer (121) sugge ted that scute
rheumatism develops ins certam wdividuals wha
because of hereditary or acquired conditsons
react m a special way to infection with vamous
t k strepto-
cocer n the mouth Schick (163) 1 ¥907 sug
gested that the Nackirankhewen of searlet fever
meludmg  migratory polyarthntss and  heart
diea.e are allergie reactions Fredberger sad
Cederberg (55) in 1913 reported that rablis
genitized to forergn serum developed strlong
somt swellmg 5 to 6 hours after mtra articular
mjection of the same foregn serum  and Wen
trand (197) i the same yesr concluded that
h fevers an phyl resction due
10 a secondary allerme condition caused by m
fechon  In cutaneous Arthus reaetsons i rab
bits made hypersensitive to sheep .eram Gexlack
(59) 1w 1022 reported perwvasenlar lesmons and
swelling of collagen fibars (the pre.ent author
sced no  fibrnawd matenal m the lestons m
Qerlachs illu trations) Klinge (91} 1n 1929 pro
duced arthritis by njeeting horse serum sto the
kmee jomts of rabhits ensttized to horse serum
He mterpreted the reaction mn the rabhit jonts
as repre enting essentially & degeperative proce §
m the tusue ground eub m

angd g ded that thewr ammal ex
peniments supported the concept that hyper
sensitivity 1s the b 1o pathogenetic mechamsm
m rheumatic fever and Khoge extended this
\e hypothesss for b fever 1o
severs] human diseases on the basw of the ac
currence of lesions that he conmdesed 1o repre
sent fibnnomd degeneration of comnective tis
sue Hence rheumatod arthotis partartents
nodesa  thrombo angutis obliterans dermato-
myositis  certam nophntides, and malignant
nephro clero 1s were regarded by hum s con
ditions with an allergic basis By the ame token
Rosle (154) and Jseger (81) bebeved that
fibrinowd degeneration of eollagen 15 a charse
ters tie and constant morphologreal feature of
disen.es of allergic or pathergie  background
and proposed that such dises es as rheumatie
fever rhenmatoid arthritis pensrtents nodo 2,
and thrombo apgutis obliterans should be deaig
nated as the rheumatic group of disenses
From 1930-33 Gross and Ehrlich {62 70) re
ported on their studies on the Aschoff body
found 10 the wterstees of the myocardsal bun
dles They referred to this lesion as the myo~
cardial A. cboff body regarded it as beng parise
vlarly speaific for rheumatic fever and did not
conmder that heart musele eells are eves sovolved
11t the formatson of thes lesion They stated that
So many suthors hene emphasized the dom:
pant role played by myury to the eollagen frame
work m the development of the Aschoff body
that this can be consdered to be a5 accepted
fact' They further stated that m the ca.e of
the A choff body it seems fairly certamn that
the earliest stages con.sh of swelling ecsino
phabie metamorphoss 2nd & certam smount of
fusion of the eolfagen fibers with psp passy
of the me 1 elements  On

which ‘fibnnoid neero s was 2 t
feature and he khened the.e changes to those
i human theumatic polyarthritis He also de
senbed m some of the senmtized rabbits pers
1 cntar fesons m the heart thay he conidered
4o be analogous to Aschoff bodies Vaubel (187}
and Junghanse {85} induced artentis in the heart
and other organs and valvulsr endocardits 1n

;be ba.is of therr studies they suggested a classt
fieatson of A_choff boies tomprining seven types
that appeared to them to repre ent different
stages s the Ife eycle They further wrote that

Stadses on the Acchoff bedy very early mn ity
develapment mvarbly di.clo @ a ewelling of the
sngerstitsal collagen fibers as the most con pre
’ To them the mo t relable

ssbbut by trepeated of
foresgn seruny Vaubel mierpreted same of thewe
<u eular changes as representing  Abnmoid
sweling of tollagen and he copmdered that

uous

I tol;gxc gusde m attempting to ‘fix the on.et
of an attack of rheumatie fever appeared to be
the etate of the collagen and concerming this
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pomnt they stated In common with & number
of chservers we were impressed with the fact
that the collagen was the first to show damage n
the form of swellng and the assumption of
eosinophilie properties The earliest appearance
of snelling was therefore taken as confirmatory
evidence that we were dealing with the begin
sung of the cyele (70) With respect to the
vanable appearance of A choff bodies they
concluded  The histologieal tructure of the
Jesion apparently depends upon whether the
A choff body ongnates from the dense or the
Joose collagen on that phase of the hie cycle
of the lesion that 1s bemng studied and also to
ome extent on the mdividual reaction of the

given ca.e
The histologie studies cited 1 the foregomg
portion of this section of the present commumica
tion led to the now widely accepted hwstopatho
logical concept that rheumatie fever 1s essen
tially a duease of the connective tissue and
they also served as the foundation for the ex
panded concept whereby rheumatic fever 13
linked and classified with certamn other diseases
1e penartentis nodosa dissemmated lupus
erythematosus rheumatod arthntis  sclero
derma dermatomyositis and other pathological
on an basis of d
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fibrnoid change and the other 13 the eeltular
response And Robbms (151) concermng the
tissue changes 1 rheumatic fever has recently
wnitten as follows  The speeific lesion 13 known
a3 the Aschoff body which 13 2 mieroscopre focus
of fibrnord degeneration and granulomatous 1
flummation Baggenstoss and Saphir (9) also
very closely following the concept of Talalajew
and hlge have recently stated their interpre
tation of the early stage of A_choff body forma-
tion as bemg swelling edema, and fibrinoid de

generation of collagen and of the second or
granulomatous stage (Aschoff body) as repre
enting probferation of connective tissue cells
m reaction to the prmary comnective tissue
mjury

McEwen (117) m 1952 from study of supra

witally stained scrapings of subcutaneous nodules
1n patients with rheumatic fever concluded that
the predomunant cells he obeerved i the scrap-
ngs cells

that arose from undifferentiated mesenchymal
elements of loose connective tissue although he
considered 1t possible that they arose m some
mstances from endothehal cells He further
wrote  Since there 1s little doubt that the sub

cutaneous nodules are pathologically identieal

Jsewh

prmary alteration of collagen and/or other
tercellular connective trsue elements Terms
used to lmk these dieases on this ba.s are
collagen disea e diffuse collagen disease and dis
eases of the connective t1 sue In accord with the
concepts of Jackt Talalajew and Khnge it has
been and contirues to be widely assumed by
many that rheumatic lesions m subcutaneous
tusue tendon heaths synovia and many other
1tes are very sumilar lesions with components
like tho e 1n the so called Aschoff bodies 1 the
heart Furthermore 1t 1s believed by many that
m the myocardium damage to muscle cells 13
only 1 to tive tisue al
and 1t 13 very widely believed that muscle cells
are not mvolved m the formation of the so
called Aschoff bodies Talalajew and Khinge con
sidered that the charactenstic cellular elements
tn the o called Aschoff bedies are prohiferated
connective tissue cells that are only secondary to
& basie connective tissue change In agreement
with this concept Bennett (14) m 1951 wrote
as follows concermng the so-called Aschoff body
There are two e .ential components to 1t One
15 chsnge i connective tissue the so called

with m the
body the<e are d licabl
also to the Aschoff body cells of the myocardial
submthary nodules In contrast Saphur and
Wile (162) at that time reempha.zed the mor
phological differences between the Aschoff body
and the subcutaneous nodule and stated ‘We
have used the term Aschoff body exclusively for
the specific lesion found 1 the myocardim

and Saphir (160) has recently wntten Sub
cutaneous nodules and nodules m the synoviahs
should never be confused with Aschoff bodies

With respect to drawng conculuons about As
choff bodies from study of subcutaneous nod
ules Gross and Ehrlich (69) stated Certanly
the subcutaneous nodule pre ents a histologieal
appearance that 13 different from that of the
Aschoff body and apparently lacks the clear

cut specifieaty of the latter They further stated
that  The Aschoff body oceurring 1n the heart
should be considered apart from the corre

sponding theumatic lestons found 1n other tr.sues
such as slan diaphragm tendinous imsertions
and s0 on mmasmuch as the myocardial lesions
present specific charactenstics that are erther
lacking 1n the other sites or have been msuf

&
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Sesently studied as yet ’ The pre ent authot’s
opinton 13 1 agreement with tho e here wted
of Fahr (49), Symmers (177) Graff (64) Saphrr
(160} snd Gro s and Ebrbeh {69} that there
are clear snd maportant morphological differ
ences hetween A chofl bodies and subeutaneous
nodules

Gro 5 and Ehrhieh (70) tuded 1n 1634 that
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10 prove 2 bactenal etiology of rheumatic fever
was that of Popova (135} m 1687 Ths mvestt
gator moculated culture medmm with blood
from a patient with rheumatic fever, and re
ported that growth of microcorer resulted and
that the mtravenous moculation of the e micro~
organssms 1 rabbits was folloned by the de-

! of arthntss, pemearditis and endo-

their hustopatholomenl interpretation of the
bfe gycle of myocardial A cheff bodies of rhen
matie fever m the last amaly s, must awat
confirmation by the hitherte unsucce sful trans
m 0n of this disea e to smmals

carditis from which lesions the microroee could
be cultivated In 1899 Westphal et of (200) and
Poynton and Paine (143} mdependently reported
that with diplocacer ssolated from blood and
tissues of patients with rheumatie fever they
were gble to mduce 1 animals one or mote of

V Exreantevray I v oF M:
Lestovs Croseny Resemerne Tross or
Actve Ruevaaric Hesrr Disease See
craz REFERENCE TO Ascrorr Bopies

A Hutoncal Bachground Jor the Expernments

Since the last gquarter of the past century
many efforts bave been made to produce 1 am

the {olt arthnitis endocarditis and pen:
esrditis Cole (34) m 1904 reported that lesons
w jomts and heart could be produced m am
mals following mtravenous mjection with van
ous streptocoeer from varous human  otiress
other than patients with rheumatie fever
Schottmiiller {165) descrbed 1 1903 a blood
agar for diff hemalytic

mals earde le wons hke tho e ol of
rheumatic heart disease 1 the hope of acqumr
mg waportant hnowledge of the etiology snd
pathogenests of thus disease A review of tho e
efforts up to 1952 has been reported by the
author (124 2) At least as lopg as 150 jears
ago vome phy icxans commented on an &s Ot
ation between sore throat and scule arheular

from non hemolytic streptococs and m 1915
Smith and Brown (167} distingwshed between
beta hemolybic and alpha or vindans strepte
cocer by we of blaod agar By ths tume there
had accumnulated a large pumber of reports of
bactererma due to vindans beta bemolytic and
other streptocores 1n rheumatie fever patients

and vindans strep had been reported to

theumatt m In 1805 H: th {74} d

he as a not dent ©of
attachs of rheumatie fever With the rse of the
seetice of bactertology m the last quarter of the
19th century numercus efforts were made to
wentrfy microorgansms ag the cau e of this
drea e hlebs (88) m 1878 having attempted
to differentiate rheumatie valvilar disea.e from
mshgnant uleerative endocarditis stated that be
hod obsemed cacer { movads } i valves 0
ca.es of acute rheumatic valvalitis Fowler {62)
wm 1850 reported 20 well documented ea es in
which not andy first attacks of acute rheumntnm
but m ome second attacks as well were pre-
ceded by topsihtis or pharyngmtis He stated
thut about 80% of the many eases of rheumatic
fever which he had observed wers preceded by
symptoms of throat wmfection at an mterval
varyng from o few days to 5 month Mantle

oceur m blood and lesions of rheumatic fever
patients far more frequently than other strepto-
cocer Yet Swift and Iunsella (176) reported
wn 1817 that from seutely imvolved jomnts m
patients with rhenmatic fever the eultures made
by them umformly showed 1o bacteria They re
ported the accurrence of vindans or non bemeo-
Iytae streptoceces 1 blood cultuses from le 5 than
10% of the many rheumatic pattents studied by
them Such streptococer were recovered from
alvular lesions wm 3 out of 6 fatal caes of
3 fever and hemoly P
were obtmned from culture of an sffected valve
i 1 of these fatal ea es

Tp 1001 Menzer {121) supgested that acute
rhewmstiem develops m certam mdividusls whe
becan ¢ of heseditary or acquired condition
react 1 2 spectal way to mfection with vanous
streptos

{115} 1n 1886 reported recovery of dipl
and short baalh from jont flusd and blood
of patients sath rheumstic fever

Apparently the first attempt to eatufy the
enterta 1 the Henle-Kock po tulates 1o tryng

cover 11 the mouth Schuck {163) a 1907 g
gested that the Naghkrankhmten of scarlet
fover iscludmg mugratory polyartbnfis and
heart di eace are allermc reactions Wemtraud
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(197) 1 1913 mmpres.ed by the clmeal re em
blance of the pt h of rh fever
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rheumatic fever m children Schlesinger (164)

and that of erum di ease d the follow

d m 1930 that repeated infection with
may be to sensitize the

g hypothesis for the pathogene 1s of rheu
matic fever  The disease exhibits an ndividual
reaction of the orgamom not to primary bac
tenal mvasion or bactemal touns but rather
a kind of anaphylatic reaction due to a secondary
allergte condition caused by mfection  The work
of the Dicks (42) and of Dachez and a sociates
(43) reported m 1923-24 convincingly demon
strated the causative role of beta hemolytic
streptococer m  carlet fever By this time 1t
had been hown (39) that the heart di ease that
follows 1 the wake of scarlet fever with tonsil
litis or pharyngitis 13 hustologieally identical
with rheumatic heart di ease which had itself
for many years been observed ta follow tonsi
ttis or pharyngitis Heetor (75} after clincal
study of the effects of scarlet fever on numerous
rhenmatic subjects reported m 1926 that the
almost invanable result of scarlet fever upon
5 heart already damaged by rheumatism 13 2
relundling of the old trouble which 1n some cases
had been quiescent for a considerable period
(in case 6 for 20 years) In the same year
a milk borne epidemie of sore throat ( angna )}
caused by hemolytie streptococer mvolved about
2500 mhahitants of holdmg Denmark Of 840
patients under medical treatment 30 were ob
served to develop rheumatic fever late m the
course of the epdernie (103) In 1925-26 Swiit
(175) and Bezangon and Weil (17) mdepend
ently drew attention to the sumilanty of change
with passage of time of the recurrng mamfes
tations of diease mn tuberculo 13 syphihs and
theumatic fever and they believed that al
lergy plays an important role i these changes
The analogies between rheumatie fever and
serum disease remamed largely on a chmeal
basi> until hlinge and associates (85 92 187)
m 1929-34 directed attention to h: topatholog:
cal re.emblances 1n some of the lesions mduced
by them 1 rabits by repeated injections of
foreign serum and some of those described by
them 1n ca es of rheumatic fever Renewed
terest m attempting to elucdate the patho-
genesis of fever by of

body adequately enough for the development
of rheumatic fever In tke following year Coburn
(32) subrutted strong epidemiologic and bac
tenologic evidence that hemolytic streptococe
among all microorgamsms are umquely causa
tive of the infections that are followed by rhen
matie fever In the succeeding year Todd (184)
reported a method for titrating antibodies i
the serum agamnst a streptolysin of hemolytic
streptococer This 1nvestigator (185) and Co
burn and Paul (33) found that a consistent 1n
crease 1 titer of antibodies to streptolysm Q
oceurs 1n the blood after mnfection by hemolytic
streptocoec They found this mnereased titer to
ocour similarly after infections with hemolytic
and after such that were
followed by rheumatic fever They found that the
fiter m rheumatic subjects with mactive dis
ease was usually normal or shghily elevated
and they further reported a clo e relation be
tween occurrence of increase i titer and the
clinical mamfestations of xheumatic activity
The work of Lancefield (101) and of Gnffith
{68) made possible a clear serological differenti
ation between strams of hemolytie streptococe:
Lancefield (99) reported mn 1933 that strams
of these can be d
) by means of reactions
nto sharply defined groups which bear a defi
mte relation to the amimal source of the cultures
Thus group A was found to compr.e chefly
straing of human ongin Group A streptococer
can be further drvided mto specific types on the
basis of serologically distinet type speetfic M
protews (Lancefield—98) Lancefield and a.so
cites (100) demonstrated both passive and ac
tive type specific tmmumty to group A strepto
coceal mfections 1n mrce
That the character of the response of children
to hemoly tie streptococeal 1nfection changes to
ward Jocahization with age and with successiye
wmfections was emphasized by Powers and a_so
ciates (13) and becau e this trend toward
locahization re embles 1 some respects compar

lesions 1 rabbits by intravenous mjections of
horse serum was subsequently greatly stimu
lated by the expenments of Rich and Gregory
(149) 1n 194344

From study of firet attachs and recurrences of

able ph 1 tuberculo 15 they h

the term  streptococcosis  Euttner and Lennert
(97) after tudies made over a 6 year period
reported 1n 1944 that each successtve attach
of group A streptococcal pharyngtis 1 a given
mdividual had always been observed by them
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to be due to microorgamsms of a serological type
different from that causmg preceding twfection
suggesting that type specific tmmumty was oper
atre 1n streptococeal mfections m man In the
following year Rante Boisvert, and Spmk (146)
reported observations which suggested that te-
wfection with group A streptococes of different
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showed grosly visible verrucae, but hemolyte
streptocoecs were not obtamed m eultures from
them The results of this study appear to pro-
wide goad evidence that the ocewrrence of they
matse valvalitis 15 not dependent on the pres-
ence of streptocoees in the valvular tissue

B E 7 af Myocardial

Ind;

types may be unportant to the de of
theumatie fever Watson Rothbard and Swit
(195) demonstrated active type-specfic umiou

Lesions, Closely Resembling Thase of Active
Rheumatic Heart Ihsease, by Repeated Focol
Infe With Group A Streptococei—In an

mty o group A m X that
were 1moceulated 1ntrana.ally
That rheumatic cardiac Je.tons m parbiewlar
valvulas Jesions are attended by, of not the
direct result of mnva ion of the tissues by group
A streptococer was suggested by the veports of
Green (66) Colbs (35), 208 Thomson and
Innes (181} on cultures at autopsy of beart
valves of pattents who died wath rheumatic
fever In the e three studies taken together recov
&ry of beta hemolytic streptococe was reported
irom one or more affected heart valves of 24
of the total of 36 patients who e valves were
cuftured This view 15 not supported, however
by results of the followmng studies Swift and
Kon.ella (176) obtuned hemolytie streptococet
from an affected valve tu only ome out of 6
fatal cases of rheumatic faver w which the heart
yalves were cultured, Angevine Rothbard and
Ceall (2) did not obtam hemalytie streptocce:
in cultures of the valves m 5 fatal eases of rheu
matie fever and Klem (89) dsd not obtaw hemo-
lytie treptococes 1m cultures of valves of many
patsents who died with endocarditis of seweral
forms, meluding rheumatse valvulibis Further
more Watson Hirst and Lancefield (194} used
stnet 2 eptic surgieal techmque dunng post
mortem exammnation of ¢ patients rapging n
age from & to 13 years who died witk acvie
theumatie heart disease m pomted effort 1o cul
ture group A streptocoear from the heart valves
of these patients Al heart valves m thece 4
ga.es were cultured but no mueroorganisms were
obtained Grossly vimble verrucae were present
on the mitral valve m all 4 ca.es, on the sorhic
valve 10 2 cases and on the treuspid valve m
1 ca ¢ When they did not ob erve stnet aeptie
<urgeal techmaue m cultures of 28 heart valves
of 7 other fatal cases of theumatic feser rangng
1n age from 6 to 18 years they 1solated hemo~
lytsc streptocoecs from cultures of only 2 valves
both of which showed gro ly viable verrucae
however among thewe 7 patients 14 other valves

effort to expenmentally mduce cardiac lesions
Ithe tho e 1 rheumatie heart disease the author
and Dr Homer ¥ Swift began & senes of Jong
term expenuments m 1946 at the Rochefeller
Institute The.e expenments are costmuing
New Zealand ted and hare brown rabbits of
the random stock of the Rorkefeller In.tiute
were mitially employed Bubsequently we bave
used rabluts of a <toch specially bred as out
hoed wm the ection on Purpose of This Com
mumncatton We seleoted group A streptocoees
wsolated from patients that had undergone
many mouse Ppassages (mtraperitoneal] and
some stramns i additon were pased wira
venously through many rabbits The strepto-
gocet have grown m math o mucord colonies
on rabbit Blead agar snd produced relatively
large amounts of M proten m Todd Hewitt
broth mede with neo peptoe In the imtal
experments 15 to 20 haur broth cultures were
enally diduted 1 tenfold steps with Tedd
Hemits broth Iv subsequent expernments the
dilutions have been made with freshly filtered
Tyrodes solution to which 19 normal rabbit
serum 1¢ added Beesuse 1t seemed impractieal
to attempt to produce switably sized repeated
focal tnfections m the throats of rabbits and
mpossible 1o follow carefully the Jocal vesponse
1o such iafections m that mte repeated focal
cutateous mfection  each with strepiocaec
of different erological types, have been set
up m clo ely chpped right and left gluteal or
Jumbar san at spproumately monthly mter
vals Incewla, gtven mtratutaneously sn G1 ce
wolume have contamed betwween 107 and 10 co
of the onginal eulture A pertod of 2 to 4 months
bas been allowed to elapse before the last or
‘challenge mfection

Farker reeults of these expersments have been
reported 1 detail (123 127, 128) Summanzed
brzefly they were as follows After sustaming
multiple suece ne foeal cutaneous smfectson
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some rabbits stckened Among these some were
allowed to recover (category A) and were ub-
sequently remfected focally & portion were
aerificed within 10-15 days following the lact
mfection (category B) while exhbiting defimte
symptoms of illness leukocytosis and erythro
cyte edimentation rates that were lugher some
times markedly than oceurred m controls sumul
taneowly infected with the same streptococer
& few developed severe and fatal iline s after
repeated mfections (category C) whereas con
trol ammals undergomg their first infections
with the same streptococet usually survived A
very few here de ignated C-1 1n category C
died withm 2-5 days after the last infection
(even though a very large majortty of normal
controls survived mfection with the same strep-
tocoear) and m all except one of these rapudly
fatal cases streptococcal bacterema was estab-
I hed Among the rabhits 1n category C 2 few
here designated C-2 that died between 6 and
14 days after the last of repeated infections de
veloped streptococeal bactererma  but 1 the
remamnder here designated eategory C-3 of the
ammals that died between 6 and 14 days after
the last infection streptococcr eould not be
cultured from the blood either before or shortly
after death although streptococc: were system
atically sought for m blood cultures in every
ammal There were found in the hearts of some
anumals m categeries B and C fre h valvular
myocardial and eoronary artensl lestons closely
re emblmg tho e of active rheumatic heart dis
ea e and these lesions occurred 1n vamous com
binations Myoeardial lesions closely re.emblng
A.choff bodies and fre h vascular lesons were
found m the ammals 1 categomes B C-2 and
C-3 that lived longer than tho e ammals m
eategory C-1 and the e myocardial and vas
cular lesions and those of human rheumatie heart
disea.e daffer 1n several important respects from
those of expenmental and buman serum dis-
ea.e (128) Myocardial scarrmg and healed
arternal lesions hike those of rheumatic heart
diease were found in the hearts of some rabbits
that «ickened and also m the hearts of other
rabbits that were sacrificed after repeated m
fections but without signs or symptoms of active
dusease at the tune of sacnifice
In the pre ent commumcation further ev1
dence 13 submatted of the clo e re embl: be
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foeal mfectrons with group A streptococer m
rabbits with special reference to A.choff bodies
as shown 1n Figs 1-18 49-54 66 ©0 148 149
151 and 152 Among rabbits of random stock
we have not found these lesions m 1) very
numerous normal control rabbits 2) many
that died or were sacnficed a few days to everal
weeks after one infection 3) many mmmumized
by mtravenous route with killed group A strep-
{ocoect or 4) many that died or were aenm
ficed a few days to everal weeks after receiving
by intravenous route a large moculum of hiving
group A streptococer of one of everal different
erological types Furthermore among the very
many rabbits of random stock that have been re
peatedly infected focally by us with group A
only a <mall te mod propartion.
have shown rheumatie type lesions of blood ves-
sels and only a few have shown myocardial le
sions resembling Aschoff bodies and valvular
lestons Iike tho e 1 acute theumatic fever How
ever among & strain of rabbuts specially bred as
outlned earler m this commumcation the 1ne
dence of myocardial and of valvular lesions fol
lowmng repeated focal mfections with group A
streptococc: 18 considerably greater These find
ngs will be the subject of a future commumea
tion
Our investigations thus mdicate that im
portant to the pathogeness of rheumatic heart
disease 13 a particular altered host reactivity
to infection with group A streptococe: that 1s
mnduced by previous infection with these micro-
organtems The results of these expenments are
1n harmony with the fact that rheumatic heart
disease occurs 1 nature 1n only a small pro-
portion of the very many m the random human
population who expenence repeated focal m
fections wmith group A streptococst Furthermore
the recults of these experiments appear to satisfy
the postulates that Opie (133) suggested should
be fulfilled before one could attmbute an m
portant role to hypersenativity 1 cau.ation of
a di ease In 1936 Opie wrote as follows The
evidence as.embled to show that allergy 1s es-
sentizl to the productron of certam disea.es far
example rheumatie fever glomerular nephntis
and lobar preumoma 13 1nconclustye even though
1t 15 evident that allergic phenomena modify
ts:elr course It would be unwi.e to attempt the

tween myocardal lesions i active rheumatic
heart diease and tho e mnduced by repeated

of defimng allerpie dis
ea.e after the model of Kochs postulates con
cernmg the causation of infectious diea es
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Nevertheless certan condstsons mu ¢ be fulfilted
before the allergic ongim of o disea e con be
established It must be shown that sen stuzs
uon precedes the production of the disense
by its ipcting sgent This meting agent
must be capable of reprodusing the disease ex
peuentally o senstized annmals The wmoitmg
agent must be demonstradle m such relation
to the human disea e that a5 sympiomatology
and lesions are explamable Though much sug
gestive evidence has been collected the e con
ditions have not as yet been fulfifled for any
wmfeetious di cae  In the eae of our expen
ments we mfected ammals with microorgantams
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then of courss, the Jessons gescrsbed here cowld
be desgnated a3 A.choff bodies If such a
broadened critesion were sceepted the mar
phologie dragness of theumatie cardis would
lose 3ts fi for the only path
feature the morphologist now has far diaghosis
would have bean acrficed

The use of proper morphologic entena 15
es enti} o hustopathologieal studies From the
evdence at hand it appears to the pre ent
author that the morphalogic enterts employed
by Saphir ns to what does or does net constitute
the true Aschoff body are met only unduly
stbitrary but they fail to tske mto account st

of the spectes of the haryngeal
wfeetions that o eommonly precede attacks of
rheumatic fever That sensiization preceded
development of the rabt myocardial lesons
15 ndicated by the fact that these Jemons oc
curred only after repeated focal infections Asm
patients who develop sheumatie fever so too m
the rabbits of these expermments the strepto
coceal wfection was focalized distant from the

dial

all the wvolvement of mu e cells whuch our
evidence ubmrtted previou ly (123 3126) and
here shows 15 esential for the development of
these and other theumatie lesians of the myo
cardmm Saphir (159} has recently wniten a
hnef review of attempts to experunentally pro-
duce m anwmal myocardss] Jestons bke tho e
chatactens tic of rheumatic heart dwesse and
m this review ke rejoets the evidence that we
had p L (123 128) to shaw

heart angd se an human r
lesions o too m the ewperimentally induced
myacardial le 1ons streptococe: could pot be
dertionstrated

Several students of rheumatic fever have
not peeepted our evidence of the clo e resem
blance between the rabbit and human lesions
and Saphir (159} has been wnsistently cntieal
of our evidence In regurd to 4 choff bodwes
found n pstients who died with scute rheu
matse heart dises e that were ustrated by us
and submitted fo demovstrate the clase re
semblanes of these human leswons o those m
duced by us m rabbits (123} Saphur and Lan
gendorf (161} stated that i our omuon the ¢
mu cular lesions are pot A.choff bades snce
they are at vanoante with the eritera as to what
constitutes & typicsl Aschofl bedy Whle it 15
possble as Marphs chowed that such lesions
m the myoeandum mvolving muscle Sbers can
be reproduced experimentally a typseal Aschoff
body as 3et has not been redupheated m an
Eate 1 ammal The umy of cla.sfy
g structures as A choffl bodies only if they
fulfilt the cntena cannot be overstre.ed If
the e critenia as to whay constitutes s specilic
rheumatie nodule or an Aschoff body were ye
lated to meclude parenchymatous nodules with
centers of necrotic musele <urrounded by cells
ke thowe w.ually found 1o an A choff body

not only the clo e resermblance between human
Aschoff bodies and myocardsel Jestons induced
by us 1 rabluts but al o to demonstrate the
es.ennal nvolvement of tot cls cells m Ascholl
bodies In beginmng this review Saplur states
The follow ing diseoures 13 not unbiased  rather
1 Yeflects the expenence guwed from many ob-
setvations  Sinee 1n the course of reperation
of his rejection of our evidence he {9) has
woiten that serutmy of relevent photomicso.
graphs for comparwon with the typical hody
m the granulomatous stage should be reveahing
to the unbiased cboerver st would sppear
pertient to refer to the mdgement of patholo~
gts who are unbiased in this zegard and yet
have had cos rderable experience 1 the study
of the pathalogy of sheumatic heart di ea ¢
Tlemperer {90) m pomted respiect both to
the yabbsb lestons produced by us and to the
entens of Saplur as t@ what does or does not
constitute the o-called A choff bodes recestly
stated that I cannot shsp oser the astonniing
imttansty between the expenmental Jewons and
the A choff bodses in the human sinply beeau &
the latter have been arbitzanly defined Con
corming evidence previously submutted by ve
(123 127 125} Klemperer further wrote I
base verv carefully studied Jus plates that com
pare the Jestons expenmentally snduced by hum
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with those of human myocarditis I have spent
considerable time reviewmng the classic publica
t10ns of Gross and Ehrlich and the most recent
articles of Saphir and Langendorf and of Rueb-
ner I have studied 1n these last months many
ca.es of rheumatic myocarditis from our files
and I have become amazed by the great stmilar
ity of the human lesions and those that have
been produced by Dr Murphy i the rabbit
Concernung our experimental studies referred
to here Harrson (72) has wntten as follows
Recently Murpby znd Swift (1949-50) have
d to reprod h 1 rabbits
by following what they believe to be the usual
conrse of events :x man They assumed that
theumatiem m man followed repeated mfec
tons with Group A beta hemolytie strepto
cocc: but they argued that m sll probabiity
succeeding 1nfections were caused by different
serological types They therefore induced re
peated 1nfectrons m rabbits by gvieg carefully
graded small mtradermal doses of Group A
streptococel of different types which would pro-
duce mfections well withm the capacity of the
anmal to overcome These mfections were re
peated at about monthly intervals over six
months or & year They noted that if they gave
the mjections at different sites the later ones
produced a more violent local reaction than the
early ones suggesting the development of an
mcreaed sensitivity After a vanable number
of mjections gome of their rabbits became 1t
with dyspnoea leukocytoms rapid 1regular
pulse and rased sedimentation rate and died
1 4-14 days In these rabbits they found endo-
cardial and myocardial lesmons which bear a
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to repeated by Group A

of varymg serological types One question still
remams unanswered Recurrent Group A strep
tococeal tonsilhtis 13 an exeessively common ex
pernence at all ages yet the proportion of those
susceptible to this recurrent infection who de-
velop recurrent carditis 1s inevpheably small
The same low mecidence of cardiac lesions was
found by Murphy and Swift 1 experimental
ammals

VI Evipence THAT AscHorr Bopres ank Le
stons or MuscLe CeLLs

A Ewdence from Ezpenimental Induction of
Myocardial Leswons Closely Resemblng Aschoff
Bodies —In contrast with the generally accepted
concept that all Aschoff bodies represent primary
mjury to collagen and/or other connective tissue
components to which nonmyogeme cellular ele
ments react our comparative studies on the
ustopathogeness of lestons of Aschoff body type
mduced expenmentally by repeated focal group
A streptococcal mnfections 1 rabbits and of
Aschoff bodies 1n & very large number of pa
tients have revealed the followming Aschoff
bodies onginate and evolve from rheumatic 10
Jury to heart mu.cle cells The mono multi and

)| structures ch of these
lestons are of two types 1) damaged muscle cells
or fragments thereof (Figs 28-45 64-90 154-
162) and 2) syncytial ma.ses of myogeme ongin
that probferate from mside the sarcolemma m
the tracks of diintegrated muscle cells (Figs
7 8 10-18 52 53 57 and 59) and these
syneytial masses usually ba ophihc appear
the beminming to represent an attempt at re

strikang h and eytolog of heart muscle cells Mono-~ or mult1
to thoe of acute 1b Furth d of are very
they did not find evidence of the polyartenitis commonly mustaken for hstiocytes or other non
which go often accompantes the cardiac lesions it h cells and leated
1 2nunals made hypercensitive to foreign serum €0 mophilie 1 of fib

On the other hand arterial lesions were pro-
duced which closely resembled those of natu
tally occurring theumatie artertis The wnterest
of this work lies not ornly m the remarhable
smmilanty of the lewons to those of human
theumatim but m the fact that the mode of
production 1s similar to that which 13 beheved
to operate i human cases It 1s obviously
hazardoug to apply the resulte of ammal ex
penments directly to man but there now seems
to be good evidence for the belef that acute
rheumatism 13 an expre_sion of altered sensttivity

{Figs 10-27 48-60 147 160 and 162) that have
completely lost their striations are usually er
ronecusly called swollen collagen  Sbrnod
collagen or fibnnoid In later stages mn the
evolution of Aschoff bodies mnecrotie myofibers
are commonly replaced by thick, new collagen
fibers and the formation of s collagen m the
8CATTINg procesy commonly mashs the evidence
10 these lesions of the earher ‘prnimary damage to
myofibers In patients who due after repeated at
tacks of rheumatic fever myofiber fragments
near arteries or at a distance from arteries may
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be ob cured by collagen that has been laud
down erther dunng the previous attacks or in the
cour e of the final ones

B Ongin of Interstitiel Myocardial Aschoff
Bodies From Heart Muscle Cells 1n Bundles Be
tween or Among Other {Often Larger) Bundles
of Musele —Aschoff bodies have been repeatedly
described as m between bun
dles of myofibers The word mterststial 1 de

of rh m; dal lesions was
used by Goodhart i 1879 1n referang to mter
stitial eell growth sround the ves els and between
the mu.cular fa.acuh , by Cadet de Gassieourt
1n 1887 1n reference to “proliferation of cellutar
saterstitial growth , by Krehl 1 1889 who re
ferred to sntersiitial myocarditss , by Aschoff 1n
1904 who veferred to the specific Jesions as 1
ter titial myocarditis’ and recently by Baggen
sto.s and Saphur who refer to the Aschoff hody
a8 1 Y

foeal y

In accord with his concept that all characterss
tic rheumatie lesons essentually vepre ent reac
tion of conmectve tieue 10 mmpury Talalsjew
stated that 1n the case of the myocardial locah
zation of the procesy the exudstive-degenerative
moment 35 usually weak, and the process appears
to begin with the primsary cellular proliferation
which 13 1 sccord with the views of Aschoff
C the ! h of
shewnatie cardae amjury  Baggeosto.s and
Saplur have recently stated that attention has
been concentrated primanly on the prohferstive
and exudative pha.e of the mfammatory reac
tion to the neglect of what 1= now widely ac
eepted as the primsary injury to the connective
tissue The lack of study of this phase of the

Lt Y proce.s 18 undy dable because
1t 15 relatively poorly developed m the myo
cardsal lesiona and often obecured by the ex
udative snd prohferative processes Why I
would like to &k should the hypothetical ex
udative-degenerative moment  of connective tie
sue change referred to hy Talalajew be weaker
m the myoeardium than elsewhere ar why
should the hypotheneal prmary wury to the
connective tissue be  relatively poorly devel
oped m the myocardaal lemwons  (Baggensto s
and Saphir) as compared with rheumatic lesions
elewhere? There 15 o lack of collagenous con
neetive tissue m the myocardium to explun &
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pared with such a hypothetical reaction m con
nective tr.wue elsewhere 1n the heart or w othe!
parts of the body With respect to ths pont
Gross and Ehrheh (69) wrote as follows  While
2 eon.adersble concentration of collagen 18 found
around blood ves els and s the subendocardium
its distnbution n the heart considered a3 8
whole 18 not o widespread around the va enlar
bed and subendocardmm Bs 1% 15 10 the mter
stitial ts sue between the muscle bundles”

In the reports that I have read of many pa
thologssts stnee 1879 who have stre.sed the oo
currence of Ascholf bodies m the mtersitium
between large bundles of myofibers I have been
astom.hed at the consistent farlure to take mto
account the occursence of myofbers few i
number or m small or larger bundles between
or among other bundles of myofibers Qute
clearly nayofibers occur 1 small aggregates or
bundles and 1n larger bundles betueen or amony
other bundles of myofibers (Figs 19-27 70-74
76 77, 79-81) Ueually by the tume the patholo
gt ob erves the lestons n rheumatie heart
disen ¢ mvolved mterstitial musclo between or
among other muscle bas been destroyed or it
has been so altered that 1t 13 no fonper recogmz
able a5 muscle 1 the myocardial lessons Figs 2
6 13, 19-27 5 74 80 and 81 dlustrate the
ongn of so-called ntersutial Aschoff bodres
from cardie mu cle fibera of bundles between
Iarger bundles of mu.cle fibers And Figs 48,
50 54 55 73 76 77,79 and 162 further indicate
how Aschoff bodies, demved from bundles of
cardine myofibers among other bundles will
them elves eventually be converted m the sear
ning process mto interstitisl areas of conec
tive tisue between Intact contiguous bundles of
myofibers When swele myofibers (Figs 2631
24-36 70 72 156 and 161) or myofibers in small
or larger sggregates (Figs 2 4,6 8 26 27, 7
74 76 77 70-81 157-160 and 162} betseen or
mmong {other) bundles of my ofihery become
damaged beyond recogmtion m the formation of
the structures charaetenstic of theumatie dues.e
of the myocsrdmm 3t 13 upderstandabls how
advocates of the generally accepted connectne
1 sue concept of the onign of the ¢ Jesona fad to
take mto account the es.ential mvolvement of
myofibers  for tecoppable {ragments of the
myofibers are only found 1n the early stage of
devel $ of the ¢ xk e losmons In later

bypothetieal wesk or poorly developed pni
mary reaction i3 contective tissue hers as com

stages ;he unrecogmzable my ogenic elements are
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often further obscured by collagen lad down
m searnng

C Ongin of Aschoff Bodies From Heart Mus
cle Cells Close to Blood Vessels —Aschoff bodies
have al o been repeatedly described as occurring
very near arteries (Figs 4 75 and 78) I have
repeatedly observed that mndivnidual as well as
small and larger aggregates of myofibers occur
m very clo e proxmty to blood vessels Indeed
heart musele fibers sometimes oceur so close to
the medis of myecardial vessels that it 13 diffi
cult to see vaseular adventitia between Figs 16
37-45 75 and 78 ilustrate the occurrence of
muscle cells close to blood vessels and the ongin
of the cellular elements so charactenshic of
Aschoff bodies from muscle cells so located
‘When myofibers in these sites become damaged
beyond recogmtion (Figs 75 and 78) m the for
mation of le.ions 1t 18 bl
how one may fail to take into account the es
sential mvolvement of myofibers near blood
ves els  for recogmizable fragments of the para
vascular myofibers may only be evident i the
earlest stage of the Aschoff body formation The
end result of rheumatic damage to paravascular
mu.cle cells m the myocardium 13 replacement of
these muscle cells by often thick collagen fibers
of scar

D Connective Tissue 1n Aschoff Bodies Some
of The Reasons for The Common Musinterpreta
tion That Aschoff Bodies Are Non-myogemc Le
swons Derived From Connective Tissue Elements
In Aschoff bodies previously illustrated and
submitted by us as evidence of the myogeme
ongin of these lesons (123 126) there was
neither fibrinoid  alteration of collagen fibers
nor fibnnoid matenal between collagen fibers
and although some thick collagen was ewident
1 some Jesions the collagen in the majonty of
lesions was thin and stamed as normal collagen
In the present commumeation there are sub-
mitted many more Wastrations of Aschoff bodies
m which the connective tissue appears normal
In the Aschoff bodres in Figs 33 73-81 and 80—
00 the connective tissue 1s normal the collagen
delicate As previously mentioned in the first
part of this section Figs 10-21 23 24 27 33
48 50 52 54 55 57 59 60 77 80 81 147 160
and 162 illustrate sarcoplasmie fragments of
myofibers that have completely lost their stria
tions Such sarcoplasmic fragments are very
often erroneou ly referred to as swollen frag
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mented clumped or fused collagen fibrinoid
collagen ,or fibrmod Figs 10-12 and 17 from
& rabhit and Figs 15 and 18 from humans show
central cores of sarcoplasm in wntimate connee
tion with myogeme multmucleated masses The
Jesion 1 Fig 16 from 2 human 1s strikingly Iike
that n F1g 17 from the rabbit and the changes
1 Fig 13 from a human are strikangly Iike those
1 Fig 10 from a rabbit Likewise the syneytial
multinueleated structure at the top of Fig 14
from a human bears very stniking re emblance
to that iz Fig 11 from a rabhit Figs 10-18
illustrate what 10 my view 1s probably a limted
attempt at regeneration of cardiac muscle cells
1n both the experimental lesions and the human
rheumatic Jesions and Fig 52 from a human and
Fig 53 from a rabbit illustrate this same pont
Taken alone the lesions i Figs 50 52 54 57
59 and 60 from humans might be interpreted by
many as showing a central core of fibnnoid
however when studied together with the other
pictures of human and rabbit lestons of muscle
cells 1n these two plates (Figs 46-63) and with
Figs 10-18 1t hould appear cbvious that these
are lesions with a central core of sarcoplasm
Figs 52 and 59 are sections of the same lesion
In the myocardium of patients with active
rheumatic heart disease there may occur focal
areas of thick collagen fibers some of which may
with certan techmques stam like fibnn mter
mmgled with small and large cellular elemenis
In mterpreting the sgmificance of such ckz.gs
the follomng observations are pertinert 1y
Some collagen fibers 1n normal tissues Livy d1cs
the same stamn as fibnn with vanous g
techmques 2) i the myocardium of LTy
who have expenienced attacks of rhes_ atur faysy
many years before suceumbing t0 24yt o .
rhosis of the liver assoviated with Serry g e
of alcobol over many years I Lave £ uf ¢t ¢
ome of the thick collagen fibere 3 £,57 Yo
cardial scars stamed like fibnn 2 ge g sts
absence of cellular reaction 14522 v pr e
of death of these patients thees 4 4, il
or histologeal evidence of 2y Ve r ate &
ease i any of the many trmas ge £ o yt ok
collagen m the scarred ere v r.,,; of those
patients slo stumed Liks € » The o
Just referred to had 13 £% Feer o, -
Agrceed 5=
having Laennecs errh oy by 2 poad.asl mme
powntedly concerned = s prdy o TF
disease and although thans sgr g gad e
of attacks of rheur, . Loriw poagy e
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death there were no chmeal or hustologieal find
ings to sugge.t that the patients had ever been
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often myured in rheumatie fever, and such
matenal 15 sometimes found w valves and not
! ) 3 )

i cardiae failure, and the cirhosis, thereft
was pot related to congestrve keart falure The
abservations cted just zbove when taken to
gether indseate that in evaluation of the sgmb
cance of thick collagen fibers, some of which
may stan hhe fbnn, m the hearts of patients
with mnactive or active rheumatic hesrt & ease,
the following must be conudered as a hiely
explanation the thick collagen fibers were prob-
ably Iad down m scarnng dunng prevaous sheu
matic attacks and/or 1n the course of the final
attack
In connection with this pomt 1t 15 pertment
to refer to the detmled morpholome studies of
Gross and Ehrheh {69, 70) who attempted to
trace the bfe cycle of myocardial Asehaff hadies
One of the seven structural configurations of
Aschoff bodies which they described 15 the small
cell coromsl type whieh, according to these
suthors comprie a central mass of swollen
coflagen surrounded by & mantle of small baso
philic cells They belteved that ths lesson repre-
sents a very eatly stage of rheumatie damage
yet they failed to find this leson 1 avy of the
patients who dsed durmg s first attack of rhe
matic fever Ths leaton was found by them only
m tho e cases m which more than one atteck of
theumatsc fever bad seeurred If as they mam
tamed this lemon really represents ome of the
twao earhest stages of Aschoff bodies one would
certanly expest to find this leston 10 a first
attack rather than only after repeated attacks
In my view there are two posmbilitres that best
explan the occurrence of the so called small cell
coronal type Aschoff bady 1) The *swollen
collagen may represent thick collagen kud down
dunng previous attacks or m the course of the
final attack &nd 2) the central core 1o some of
these lectons 1s not collagen 1t 13 sarcoplasm of
rauscle that has disintegrated as shown n Figs
50 54, 57, 52 sod 60 Indeed, the lesson m Fig
60 has an almast 1dentical sppearance ta that m
Fig 11n a paper by Gross and Ehrheh (63} it
Justrated as therr example of the small cell
caronal Aschoff body
In sctive theumstic beart diseae foes of
strands of stnngy, ramifywmg sometmes inter
jacing materal, that stan bke fibnn are occa
sionally found m the myoeardum Thus matenal
sy very well be Gbnn stelf that hae pas ed
from the blood through small ves.cls that are

ym 'y
ules on and beneath the hmng cells of synoval
membranes, snd n other tssues That Aschol
bodies and expenmentst Jesions of Aschoff body
type can oceur, as Qlustrated previou ly (123,
126) n the absence of fibnnord and m the
ahsence of strands of tnmgy ramfying matensl
that tam hke fibnn s further clearly demon
strated bere m Figs 1-5 33, 73-50 157, and 159
In thus connectson 1t 1s pertment that A.choff

(5), 10 1939 aiter study of these lesons over a
pertod of thurty five years published sllustrations
m color of several chasactenstic fresh Aschoff
bodses m the myocardnm of & sux yeer old
child After commentmg on the normal appear
ance of the connective hissue m the Aschoff
bodies wm thus ca.e, he further wrate 1 crtioism
of the hypothess concermng fibrinad m rheu
matie lesons  Despite the cellular overgrowth
which has caused the formation of the nedules
there 15 oo trave of a fibnnad degenerstion of
the ground substance* And in reference to myo-
cardiel Aschoff bodes 1 general he conchrded
It 13 10 no way essential that the formation of
the nehly celfufar nodules should be preceded by
fibnnowd degeneration of the ground substance
Op the bass of my own studies carned out 1o
tenstvely mn the past ten consecutrve years, of a
very large number of ca.es of active rheumatic
beart disea ¢ I am 1 complete agreement wath
Aschoff on this pownt and 1 obvious disagree-
ment with the conclunons of Talalajew (178}
Kinge {81) and the many who have followed
them (9 23 76, 151 156 139 178, 183}

The lesiony i the myocardum keown gener
alty 2s A choff bodies, kave 1n my opiion ¢har
actenistie features that clearly distingurh them
1ot enly from rheumatic lesions outnde the heart
but, al.o from the great bulk of sheumatie lestons
1n eardize vahes and sub-perieardiel tusue Ths
distinetion 10 my view, 13 ba.ed on the primary
and marked damage to heart muscle cells that
Tesults s the two types of cell masses that I
have previouly {123 126) snd more extensively
here bhed and ith d In thi
st 18 pertnent to mention that Aschoff (8) m
1939 placed particular, and to me dishnguting
emphasts on the speafic rheumatic Je 1won m dbs
m d; ay d mth rh

Te-

su;ns elsewhere Acchoffl wrote ‘Having sur
vesed the world hterature I am still convineed

‘
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that rheumatie nodules as seen 1 the heart mus

ele (pre ent author s 1talics), are  pecific to this
theumatic diseae , and he further stated  As
a reeult of my expenence I can state emphati

cally that the rheumatic nodules whick appear in
the myocardum (pre ent authors italies) are
specific to the Bowllaud Graffi diease (rheu

matie fever)

The occutrence of heart muscle cells m eardiac
valves (Figs 109-116) and among fat cells m
sub-epicardial tissue (Frg 153) 13 discussed m
ection VIE and the occurrence of smooth mus
cle cells 1n atnal appendage and cardiac valves
(Figs 91-108) 13 discus ed 1 sections VILA

and B

E Occurrence of (Stnated) Heart Muscle
Cells 1n Cardwae Valves and Among Fat Cells in
Sub epicardial Tissue —One argument that has
been employed by ome investigators (156
193) against evidence of the myogeme ongm of
Aschoff bodies 13 to use the words of one entic
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to the submiliary nodule It 1s noteworthy that
WacCallum (110) found <uch lestons in sub
epicardial t1 sue but never 1n the paretal layer
of the d t d
deposits of fibrm may be msinterpreted as
fibnnoid or fibnnoid degeneration of con
nective tissue In ertes of such exudate histio-
cytes may be found and I have in several ca.es
been able to 1dentify mesothelial hning cells of
the epicardium that are ba.ophilic and have be
come sequestered in this exudate or mn the
chreme imflammatory reaction that follows And
not uncommonly I have observed pecudo-glan
dular proliferation of these sequestered epear
dial cells hke that shown by Baggensto.s {8)
Certamnly focal acute and chrome ipflammatory
reactions that re.emble those 1n valves synovia
and subeutaneous nodules occur m rheumatic
penicarditis But the e changes should not be
terpreted as A.choff bodies On the other hand
cardiac muscle fibers occurnng singly i small

that Aschoff cells are often found
where there 13 no muscle 1e 1 the sub-epm
eardial tissue and 1n the valves (156) Evidence
submitted with the present communteation dem
onstrates that this enticisma 13 not vahid All
aunculo ventneular valve cusps have inserted
mto them a wedge of myocardium that extends
for greater or le ser distances down the valve
Fig 110 illustrates this pont m a human mitral
valve and Figs 109 and 111 illustrate this m
rabbut tricuspid and mutral valves Figs 112-114
Mlustrate the oecurrence of considerable stnated
heart musele half way between the mitral sulens
and the tip of a mitral valve m a nmne year old
boy who died with acute glomerulonephmtis
(there was no evidence of active theumatic heart
dieae) Fig 115 illustrates clusters of striated
heart mu.cle cells m the first portton of a mitral
valve and Fig 116 shows consderable stnated
Beart muscle m an extension of a wedge of
striated myocardium well out mto the aortic
leaflet of a mitral valve Fig 117 shows striated
heart muscle fibers m erted well down along
and mto a chorda tendmes
"The oceurrence of smooth mu cle cells m car
dize valves illustrated 1n Figs 99-108 will be
du.cussed later 1 this communication

or m larger often appear
to be rolated in sub-epicardial tissue from the
body of myocardum Fig 153 hows such a
cluster of heart muscle fibers among fat cells
well out 1 sub. dal tissue  and
of this muscle to the body of myocardium be-
neath does not occur 1n this section Such aggre-
gates very probably represent finger hke or other
forms of projection of myocardium which hap-
pen to be sectioned m such & way as to appear
1solated m sub-epreardial tissue Rheumatic 1
volvement of such apparently rolated heart
muscle fibers could result 1n a myoeardial Aschoff
body that would appear to be 1n the sub-epicar
dium and 1solated from the rest of the myocar
drum

F Elucdation of the Myogeme Ongin of
Rheumatic Myocardial Lemons Including As
choff Bodies From Findings mn Human and Rab
it Skeletal Muscle—In two cases of rheumatic
fever Huzella (77) described lesions m skeletal
muscle that closely resembled A.choff boes m
the myocardium He beheved that he could trace
the ongm of gant cells closely resembling those
m Aschoff bodies from muscle cells m these
lesions of skeletal muscle Ths has also been my
and our findmngs 1n both human and

Lesrons b the my dial A.choff
bodies have been reported m sub-epieardial tis-
sue Coombs (39) Mlustrated and desenbed
h d lar areas of
fibrnous depo 1t and cellular 1nfiltration mumilar

rabbit gkeletal mu.cle shed light on the myogeme
nature of myocardial A.choff bodies Fig 46 from
skeletal mu.cle of s rheumatic subject and Fig
47 from sheletal musele of a rabbit repeatedly
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mfected focally with group A strepiococn are
stnbgly Lihe the myocardial Aschoffl body m
¥iz 48 In turn the o three lesions are Irke tho ¢
i Figs 49 and 50 Fig 55 shows an A choff
body that would be referred to by many as
sater il This A choffl body 15 derved as
are the le 1onsm Figs 20 23 24 and 27 from the
same patient from a bundle of myofibers be-
tween larger bundles In this A choff body the
track of a di itegrated myofiber can be traced
from the upper left portion to the lower mght
portion and mn the upper portion of this trach
18 granuiar sareoplaem and m the lower portion
of the trach a shghtly basophlic elongated masa
of sarcoplasm At the top central portion of the
A choff body 15 & multinucleated structure with
annular arrangement of nucles This structure 13
identieal to tho e 1 Figs 57 and 61 from the
.ame patent Note the strkmng re exoblance of
all the e structures to that mn rabt skeletal
mu cle (Fiz 56) whieh s an obviausly miyogene
structure with annular arrangement of myogense
nueles around a core of sarcoplasm Note also
the stnhing resemblance of the annular lesions 10
Figs 55-57 and 61 to that m Fig 59 from sn
other patient Fig 59 and Fig 52 are sechons at
ifferent lexels of the same lesion Then note the
strking e emblance of the myogeme lesions
rabbnt skeletal muscle m Fig 68 to the humar
rheumatie lesion 1 Fig 59 Furthermare the
structure with the annular arrangement of nucler
i the rheumatic Jesion i Fig 63 15 very stnk
ingly ke the obviously myegense structure of
the rabbwt heletal muscle n Fig 62 m which
the nucler are arranged m 2 rng withm the
sarcoplasm Fig 6413 from kelotal muscle of a
rheumatic patient who died with A.choffl bodes
1 the myoeardium That ths s a myogeme
Jesion with basophiie sarcopla m and probf
erated myogenie nucler is evident Fig 67 from
rabbit  keletal muscle shows a very sumlar
{esion compn ing enly and very obviously multt
nucleated fragments of a myofiber The lessons
of rablut Leletal muscle i Figs 65 and 67 how
leated m)ogenic that very
¢lo ely re.emble the human one 1 Fig 88 that
15 from the myocardwm of a patient who dred
with actsse rheumatic heart & ease
In my judgment the lesons of skeletal musele
cells here lu trated are probably nat specifie for
the ecquelae of foesl infections with group A
streptococes 1 either humans or rabtats The
fact, remains, however that the e lesions were
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found in respectively patients who died with
rheumatse heart dasea ¢ and rabhsts that mark
edly 1chened after repeated focsl mfeetions with
group A streptocoeer and the e Je 10ns are m
cluded in this monograph beeause of the md
they give m eluodating the lustapathogene i
of rheumatic lestons of heart mu cle eelfs

G Ongn of Aschoff Bodwes from Heart Mus
cle Cells 1 Cardiae Atnol Appendages —Swee
1951 many reports have beer pubk hed (I8
28-30 41 44 47 48 83,0a 102 108 111 1M
118~120 126 13§ 140 150 156 170 179 190
186 190} on lustologre tudses of loft atnal ap
pendages removed at the time of operation per
formed to slleviate mitral stenosss 18 patents
who howed 1gns and symptoms of cardime
fulure of varying seventy aund duration Al
though the very large majonty were con wdered
to bow no chmeal evidence of rleumatie ac
tivaty at the time of the cardiac surgery a large
proportion bave shown specic rhewmatic le
stong generally referred to as Aschoff bodie
i the bopsied left atnal appendage

The atral le wns that resemble closely some
Aschoff bhodies m the ventriewlar myoeardwam
are desenbed by many a8 oceurnng mn the endo
esrdiam of the atnur Smee eardiac myofibers
do not eceur m the endocardmm  ome ob ervers
have mterpreted the repested findings of A
choff bodies m the mural endocardium of the
auncular appendages  (183) as ewidence con
trary to our evidence of the development of
Aschoff bodies from mjured mu cle eells How
ever my own findiogs bave honn that such
atrial Aschoff bodies {Figs $2-86 88-00) that
closely resemble ome of the e mn the ventrcular
myocardum (Fig 87) onginate from damaged
heart muscle fibers just subjacent to the sub-
endoesrdial zone of emeoth muscle and connes
five te.sue (125 126) As it expands an A choff
bady developing from heart mu cle cells 1 thus
arex often thrusts wts way toward the endo-
cardium o that part of the A choff body comes
to hie in the cubendoeardmn When 1 thoe
areas shere the subendacardial zone 1 thin
these myocarial A choff bodies s expanding
come to he clo ¢ to the overlying endocardium
they are commonly msnterpreted as  endo-
eardial  Aschoff bodies These and other ponts
are Wustrated m Figs §°-00 and will now be
drew ed Fig §2 shows several A choff bodies
1n the lowes portion of the ycture and one at
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the top center Except where the A choff bodses
oceur ope ¢an see that the myocardum comes
very close to the endocardium and the clear
inference here borne out 1 the other figures of
this plate 15 that the Aschofl bodues are recent
nodular defects mn myocardium just below the
subendocardium Fig 83 very probably repre
sents an early stage of a small A.choff body
clearly repre.enting focal dumtegration of heart
mu cle eells just subjacent to the subendocar
dium Collagemzation of this ittle wound would
be expected to oceur and 1t appears to be under
way Fig 81 alo shows an Aschoff body dermved
from heart mu cle cells just subjacent to the
<ubendocardium The connective tissue i this
leston appears normal Note the tendency of the

nodule to expand toward the Fig
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matic heart di-ea.e alterations of heart mu cle
fibers 10 the atnoventricular node (26) and m
the atnioventnicular bundle of His and left bun
dle branch (107a 173a) like rheumatic lesions
that oceur elewhere 1n the myocardum Lumb
and Shacklett (1072) found in the left bundle
branch and illustrated an A.choff body tnk
wngly like tho e m Figs 2 80 and 81 1n the
pre.ent commumeation The le.ions here shown
1n Figs 2 80 and 81 were deep tn the postenor
wall of the Jeft ventnicle Figs 80 and 81 are
from the patient referred to in Figs 26 38 45
68 73 76 and 79

VII Disease oF Sxroorrt MuscLe CrLLs v
Rugoyatic HEART DisEisE

87 1s an A choff body that allu trates the same
change m the left ventncle Figs 85 and 86 are
from the same ection stamed successively by
two methods The eonnective tisue appears nor
mal 1 thig leston which 15 an Aschoff body and
clearly denved from a2 bundle of heart mu.cle
cells and 1t has expanded shightly toward the
«ubendocardum Figs 88 and 89 are from the
same section of another appendage that was
stained succe «wvely by two methods The con
nective tissue appears normal 1n this lesion which
15 also denived from a httle bundle of heart mus
cle cells Fig 0 very probably represents the
followng The atmal myocardrm has been
eroded or cut back by rheumatie actiaty and 1
the process A choff bodies from damaged mus-
cle cells have formed Coll of thee

A Rb Disease of Smooth Muscle Cells
i the Subendocardial Tissue of The Atnum
Special Reference to Lesions i Atrial Append
ages That Resemble in Variang Degree Aschoff
Bodies That Are Denved from Heart Muscle
Cells —With respect to epecific rheumatic le.ions
found 1n the subendocardium of the atrium the
faet 1s very often indeed usually not taken mto
consideratton that smooth muscle cells normally
occur 1n varymg amount often 1n large numbers
and sometmmes In strata between atnal endo-
thelum and the body of strated myocardiem
And 1n some porttons of the atrium ncluding the
atnal appendage smooth mu.cle occars very
close to the endothelum These pomts are
clearly 1llustrated in Figs 91-98 It has long
been known that smooth mu cle cells 1n medta of

myocardial wounds has occurred and 1s stll
underway

With re pect to the ongin of rheumatic myo
cardial le 1ons yon Albertimt (1) was able to
determine that many myocardial nodules ere
of myogeme ongm  and Ghosh (60) from
study of the heart of patients who died with a
chmeal diagno 19 of acute rheumatie heart dis
ease concluded that the pathologic changes were
due mamly to degenerative and reactive phe
nomena on the part of the cardiae muscle cells

Rheumatic injury to thoce cardiae muscle
fibers that are widely considered to constitute
specialized conduction t.=sue should probably be
expected to recult m le.ions es entially like or
1dentical with tho e that result from rheumatic
mjury to other cardiac mu cle fibers Indeed
there have been reported 1n ea es of active rheu

dial artertes are often damaged m rheu
matic fever (87 129) and I have observed
multmucleated emooth mu.cle cells and lesions
Tesembling A choff bodies it the medi of
myocardial arteries (Fige 118-135) that will be
later drcus.ed It appears that reaction to
rheumatic fever myury of smooth muscle eells m
atnal subendocardial tissue (between endo-
thelum and stnated myocardum) results m
focal lesions homologous with tho e here allu
trated n the meds of myocardtal arteries and
the e lesions 1n varying degree recemble the so-
called Aschoff bodies that are dermved from
heart muscle cells Fig 91 shows a section of
atnal appendage stamed with phosphotungstic
acid hematoxylm toille trate that an avenue or
band of emooth mu cle cells normally oceurs 1n
the subendocardum In Fig 94 just below one
sees a mmilar avenue of emooth muscle 1n the

>
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Tend,

of atnal from an
other patient As the eyes of the viewer move
dowsn this avenue of smooth muscle, they come
10 o Jeson that hes directly an the Jower portion
of ths avenve and which has the same wdth as
that of the avenue of smooth muscle This le~
sion 13 shown 1 higher magmfication m Fig 97
and 15 a spectfie rheumatic Jesion, which re
sembles an A choff body that develops from
heart mu cle eells Indeed, this particular lewon
resembles tha e mayocardial Asehoff bodies demg
pated by Gross and Ehriich (60} as beng of
coronal configuration
Fig 95 13 from a rabint that died 11 months
after the last of & foeal infeetians with group A
sireptococes Of conaderable interest to the
writer 18 the fact that several days after the
begmmug of the fast focal nfection thus rabbst
developed a cardiac systelic murmur that per
sisted untit death of the amumal Note the stk
g re emblance between the rabbit atnal Je-
sions in Fig 95 and the human atnal lesions m
Fig 96 that 13 from a patient who dred mith
chrame actie rheumatic heart disease
In Figs 92 and 93 are seen broad svenves of
subendocardial smooth muscle The ewdence
here submstted ndieates that the lemons m Figs
84-97 are lemons of smooth muscle cells Mre
Catlum (109) desersbed podular rhewmratic le
sions .ometimes  cunously forced into rows
between elashic fibers m atnal subendoeardium
It should be recalled 8e pomted out 1w the begin
ming of this section that smooth mu ele cells
occur normally i rows ot strata i atrsal sub
endacardram
The lemons of smooth muscle cefls here dhus-
trated may well be termed specific rheumatic
lesions of smooth mu.cle
Von Glabn (189) desembed m atmal sub-
docardial tissue th change i
dense with poly b Jeax feuko-
cytes small tound cells a few plasma cells and
oeca.ionsl eoanophiles m as.ocation with pale
cells with vesseular nueles It would appear that
thys subendogardial chauge, very probably m
portently s.ociated wth damaged eraooth mus
o elements 15 analogous to the wfiltration of
damaged myocardum with mlammatery cells
assocted with myogeme cellular elements (as
fiown 1 Fig 160) that will be ducussed 0 se
tion TX.B of the text
B Rheumatsc Dueose of Smoath 3uscle Cells

GEORGE E MURPHY

1 Valpes~The continuation of atnad subendo
cardhal smooth mu.cle down mto the aurculans
layer of the nutral valve 18 iustrated 1 Fig 99
Figs 100-108 aliustrate the occurrence of smooth
muscle m amutral and aorhic valves snd thew
matie mvolvement of such smooth muscle Fig
100 shows a central avenue or track of smooth
muscle that stams purple Fig 101 shows a
spindle haped lesion reserobling a so-called As
choff body, 1 the lower purtion of the track of
smonth rauscle that 13 2 continuation dowawsed
of the smooth muscle track shown i Fig 100,
and ¥ig 102 shows in higher magnifiention the
lesion sn Fig 101 Figs 103 and 104 show smooth
mu cle 10 mutral valves and Figs 105-108 show
smooth muscle 1n the ventricular aspect of the
sortiwe valve The occurrence m Fig 108 of abnor
mal large cells m rows 13 hie the occurrence of
b { large cellsan atral subend: that
MacCallum {109} desersbed asg being cunously
forced imto sows between elastic fibers That
smooth musele eells normally oscur 1m atnal sub

endocardwm i rows or strata between elastie
fibers has been diseussed m the unmedately
preceding section of this commumestion and o
lustrated 1m Figs 91-88 Figs 106 and 107 show
that smooth muscle {stamed purple) occurs m
Tows or strata also m the ventricular aspect
of the sortic valve and the mmilar ocourrence
w Fig 108 of abnormal large cells an rows be-
tween elastic fibers 1n the ventrieular aspect of
the sertic valve strongly indicates that thee
large cells are smeoth muscle elements and Like
the abnormal large cells that MacCalfum (209)
deserthed 23 *cunouly forved mto rows be
tween elastic fibers i the atnum

C Rheumatic Disease of Smaoth Auscle Cells
wn Myocardisl Arterses —It haslong been known
ps previou ly mentioned, that medis m the
arteries of the heart 13 often damaged in rhew
matie fever (87 1°8) Vacuolstson edema ne
cromz and fibroms of the medin which are all
nonspecific changes have been desenbed Figs
118~135 dlustrate other rheumatic medsal
changes same of which have to my knowledge
never been desenbed before m theumatic fever
Fige 118-120 and 123 show multnucleated cells
very probably smooth mu cle cells, an the medis
of artenies 19 the heart of patwnts who ded
with actne theumatic heart disease Fgs 171
and 172 slustrate amudar multiucleated cells 1
the media of rabbit myocardial arteres Fige
194126 how a focal Jeston clearly of the medsa,
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of a myocardsal artery 1 which a multiu
cleated cell occurs and this cell 1s hkewse very
probably & smooth muscle cell Fig 127 shows
m the night lower portion & defect 1 the media
of a large myoeardnl artery Figs 128 and 129
show with higher magmfication that this medial
leson compnses basophiic mone and mult
nucleated ragged-edged elements that are very
probably derived from smooth muscle The larg
est cell in the upper portion of Fig 129 has at
least 5 nucler This medial lesion resembles As-
choff bodies that are derived from heart muscle
cells Nodules of medial cellular elements very
probably altered smooth muscle cells are seen
1 the lower left portron of media of an artery in
Fig 1a0 and 1n the nght lower portion of the
meda of another artery 1n Fag 132 and 1t 1s
clear that m the case of neither of these nodular
lesions 18 the specific character of an Aschoff
body approxinated On the other hand Fig 131
shows a segment of artenal medsz that has been
converted 1nto & lesion that comprises baso
phibe mone and multinucleated ragged-edged
elements that are very probably of smooth mus
cle ongin This lesion resembles an A.choff body
Finally Figs 133-135 show at different magmfi
cations a nodular lesion that compnses shightly
ba.ophilie ragged-edged cellular elements that
aro ¢ very probably from medial smooth mus
cle elements and this lesion also resembles an
Aschoff bedy

In connection with the<e findings 1t 1s note-
worthy that Pappenhemmer and Von Glahn
(136) reported that 1n the media of a case of
rheumatic aortibs A few multmucleated cells
were seen  and 1n another report (137) they
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those 1n Figs 130 and 132 m the present com
muncation and cid not closely approamate the
speeific character of an Aschoff body

VIII Reasows ror trHE Coaaron MISINTER
PRETATION OF THE HISTOPATHOGENESIS AND
SieNIFICANCE OF Specrric Reeunatic Le
stons oF MuscLe CELLs v REEUMATIC
Heart DisEase  SeECIAL REFERENCE TO
THOSE IN ATRIAL APPENDAGES

Figs 118-135 of media] lesions 10 myocardial
arteries taken together with Figs 91-98 of
atnial subendocardial smooth muscle and with
Figs 99-108 of emooth muscle m rheumatic
valves are evidence of focal theumatic mvolve-
ment of smooth mu cle cells which can some
times mimic Aschoff bodies To the knowledge
of the wnter no one has previously suggested
that rheumatic disease of emooth muscle cells
can result m such lestons The evidence here
submrtted on this pont appears to be a satis
factory answer to the cnitierem of some (156
193) that occurrence of lesions resembling
Aschoff bodies 1 valves and beneath the endo
cardum of atna constitute evidence agamst the
myogene ongmn of A_choff bodies

The very great majority of studies to date on
the pathology of rheumatic heart disease have
not taken mto account the occurrence and m
volyement of muscle cells m the following mtes
1) heart muscle cells (m interstittum } be-
tween other heart muscle cells as shown 1n Figs
2 6 8 13 1927 73 74 76 77 79-81 157
159 and 162 2) heart mu cle cells very close
t0 blood vessels {Figs 16 3745 75 and 78)
3) hesn muscle ce].ls Just beneath atnal and

desenbed 1 rk aortitis cells

those 1n Aschoff bodies 1n the media They cid
pot attribute the ongin of any of the e cells to
cmooth muscle Karsner and Bayless (87)
among a large number of cases of rheumatie
fever i which they evammned coronary artenes
mentioned 4 cases m which they described ex
tension of Aschoff bodies from cutside am artery
into the media of the vessel but they found no
evidence that these lestons ongmated in the
media nor did they find other lesions resembling
Aschoff bodies as ilustrated m the present
communication that ongmated m the media
Perry (139) publshed an 1llustration of a small
nodular leson m media of a myceardial vern m
& case of rheumatie heart disea.e and they con
1dered the cells 1n the nodule to be of non myo
genic ongin This nodule

1 tissue (Figs 82-90
.and 160) 4) projection of myocardium into the
loose sub epicardial tissue 1n such a way that w
certain sections aggregates of muscle appear to
be 1solated 1n the sub epreardual tissue (Fig 153)
5) (striated) heart muscle cells m valves (Figs
109-116) and 8) smooth muscle cells m atrial
subendocardhal tassue and valves (Figs 91-108)
Utihzing the concept that Aschoff bodies de
velop from fibrmoid  alteration of connective
iissue rrrespective of muscle cells Tedeschy
Wagner and Pam (179) from study of 400
atmal appendages classified Aschoff bodies ac
cording to 1) early Aschoff bodies mdicative of
rheumatic activity and 2) senescent Aschoff
bodes that are not mdicative of rheumatic ac
tivity In the genem of speatfic rheurnatic le

£1008 In tissue these 1y

&
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did not tahe into sceount przasry i olvement
of heart mu cle cells just beneath the subendo
cardum a3 sllustrated previously (126} and m
this commumeation 1 Fige $2-90 In thesr de
velopment from heart muscle cells i this 1te
A.chofl bodies may come to he partully m
subendocardnmm Furthermare, they did not con
sider at all the posubilily of mvolvement of
smooth mu cle cells (Figs 8% and 97} n <ub
endocardml t1 sue et many of the ene cent
Jesions that they slustrate appear to be n eub
endocardial tissue where smooth muscle cells oc
eur often 1 abundance s here ilusteated m
Figs 91-98 Tede cln Wagner and Pam stale
that the nucler of cells m  eme cent  Aschoff
bodies differ 1 appearance from tho e of re
cent A choff bodies
The reaction of emooth rau cle cells to rheu

matse wjury hould not be expected ta result i
e wnz marphologteally identreal with tho ¢ of

triated heart muscle cells In my expertence

CGEORGE B MURPHY

nucleated  arcoplame fragments of heart
mu cle cells just beneath the endocardm or
deeper or of mooth muscle cells 1 subendo-
cardhal t.sue should not be mimmterpreted as
fragmented swollen, clumped or fu ed collagen
fibtinoid  collagen, fibrinond degenerstion of
ground enbstence or fibrnpid  and mono-
or 1 ) areopd of
“moeoth or stnated mucle cells ard mult
nueleated syneytial myogeme elements (Fig
160}, Iihe tho e m Figs 10-18 should mot be
fremterpreted 83 connective tisue cofls re
acting to altered connective b sue Fusthermore
thick collagen laid down as scar 1 previous
attacks of rheumatie fever or duting the final
one should not be ms anterpreted as fresh rthew
matic myury to connectnve ti ste

It fas been suggested by Wachstern (191) that
the use of a histochemical techmque for sucane
dehydrogens.e {192) zmght be helpful mn the
wentfication of eellular structures derved from
h as healthy heart mu

the peoific rh lestons lvang smooth
mu cle n atnal subendoesrdish tissue as shown
mn Figs 84 and 97 do not have as large as
ba ophulie or as bloomung multinuclested ele
ments as those (Figs 2 73 82 159 161 and
162) often seen v A choff bodies that are de
nved from heart musele cells Thie does not
mean howewver that less rheumatic achivity 18
denoted by lestons of smooth muscls cells or of
heart mu cle eells or by other rheumatie lectons
with les promment probferative reaction of
nucles than that seen 1 the more florsd A choff
bodes It 13 well known that m acute and yela
tively vapidly fataF attacks of rheumatic heart
Aisen.e fre b or recent lemons of heart mucle
cells and of smooth mu ele cells mn myocardial
artenes often oceur with bittle or no nuclear pro-
hferation in the mvohed muscle cefls And 1t
15 of cour e wdely known that m many other
conditions myury to cells can result m acute de
geperative ar frank recrobic change w cetls wth
httle or no proliferative resction of the mvolved
aucles In the hight of our evidence here presented
e peawally mn Figy $2-98 evammation of dlus
frations of Je 1ons =ubmitted by Tedeschs Wag
per and Pans that were wterpreted by them
55 being ‘ cene cent  healed or healing le tons of
conpechive tissue that do not mdicate rheumatic
activity, reveals that the e are mstead actite le-
eyons of musele cells
Furthermore with re pect fo the many e
ports of Theumats cardiac lemons n pinal ap-
pendages 1t should be emphamzed that mon

cle cells have been found to give a positive stam
mg reaction for the presence of thix emzyme
However as Wachsten and Meisel have shown
duntegrating heart muscle cells 1 mvoeards!
mfarction fal to show this enzymatic stammng
reaetion  and reduchion of enzymatic setivty
was noticed by them within a few hours after
the begnmng of myoeardisl wfarction 1 mus

cle fibers shich showed no sigmficant changes
with routme staumng techmques By the time
an A choff body 15 fully developed from damaged
beart mu ele cell. the damaged cells hanve
dimtegrated and one would not expect the
lewon to show a postve stmning reaction for
sucemic debydsogena e In the Iight of Wach

steina myestigation it would appesr that the
u e of this techmgue 1 the study of rheumatic
heart di ea e mught be helpful in detection of
the earker changes 1w beart mu dle cells where
routine stamung techmaues may fal 1o reseal
alerations of the celly It should ge without
aymng that fafure to demonstrate sacoinc de

hydrogens ¢ m A choff bodies 13 no evidence
whatever agawn ¢ the myogeme ongm of thee
lewons

T Vanovs Rugoastie Lesiovs, OmmR
Tran Ascuore Bopizs op Hesat
Mosore Cries
A Alterotion of Stnations and Fatty Chonge
That changes 1n heart muscle fibers occur with
gut probferatne or mffammatory resetion
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rheumatic heart dhsease has long been known
{24 199) and previously referred to here Figs
137 and 108 show irregular staimng of heart
muscle fibers with focal mterruption of their
stnations granular change and fragmentation
10 & heart that also showed many A choff bodies
InFig 10615 een sumlar change that was wide-
spread m the Jeft atrial appendage of a patient
with severe cardae symptoms for everal years
before mitral valvulotomy No Aschoff bodies
were found 1n this atnal appendage Figs 139-
141 are from two twelye year old boys who died
with actrve rheumatic heart disea e associated
with many A choff bodies Marked focal fatty
change was widely distributed throughout the
myoeardium Note the myogeme nuclear ele
ments 1 the track of a myofiber near the top
of Fig 139 and i the track of a myofiber m
Fig 142 which 13 from the heart of 2 1x year
old boy who died with many A choff bodies A
stniongly sdar petare of myogeme nuclear
elements m the trach of a myofiber can be
seen 1 Fig 143 from rabbit Leletal mu cle Fig
144 1s from the heart of a thirty mne year old
woman who had rheumatic fever at five years of
age and progressive dyspmea associated with
low grade fever i the last two years of hfe
At the time of death she was being evalusted for
mitral valvulotomy The erythrocyte sedumen
tatien rate was very rapid several days before
death At autopsy the myocardrum was found
to be very flabby No A.choff bodies were found
but many areas of fatty change of cardiac mu cle
fibers such as that seen 1 Fig 144 were found
throughout the myocardium

B Focal or Diffuse Necrosis of Heart Muscle
Cells Associated With Inflammatory Cells and
Wuth or Without Large Cellular Elements of
Myogeme Ongin—TFocal mfiltration of poly
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penenced a starmy elimeal course wath rapudly
fatal outcome Ny own findings (126) are m
agreement with and extend those of Skworzoff
In tudy of a very large number of well docu
mented cases of actrve theumatic fever ex
tensne infiltrations with inflammatory  cells
manly polymorphonuclear leukoeyte  were
found 1 the atnal myocardium 1n association
with necrosis of myofibers m seversl children
and wm the ab ence of atnal Aschoff bodies but
1n all the<e ca es I found Aschoff bodies 1n the
ventrieular myocardium In the atmal myocar
cum of 2 ten jear old boy I have <een diffw.e
infiltration with lympheeytes and plasma cells
a.sociated with necro 1s of myofibers and cells
Lke tho e charactenstic of Aschoff bodies And
1 the atmal myocardum of a forty-one year old
woman I have recently observed diffu.e mfil
tratton with eosmophiles Iymphocytes and
plasma cells assoctated with necroms of myo-
fibers snd o the absence of atmal Ascheff
bodies but many Aschoff bodie were found m
the ventrieular myoeardtum Furthermore 1n
a fifty year old man in whom commu «urgtomy
for mtral stenosis was recently carmed out
biopsied atnal appendage revealed stnkngly
extensive diffu.e infiltration of atnal myocar
dum with lymphocytes and especially plasma
cell associated with marhed necrows of mjo
fiber and many multicucleated musele ecells
The findings 1n this latter case are Like tho e
reported and illustrated by Butterfield (26)
the case of a sixteen year old girl in whom diffuse
mfiltrations of lymphoeytic character’ were
found m the atnal myoccardum m associztion
with multinucleated cells like those 1 Aschoff
bodies

In my expenence focal and diffuse nfiltra
tions of the myocardium with small mflamma
t'ory cells have mvanably been associated with

and/ar

and plasma. eells not mfrequently cceurs 1n the
myocardium m rheumatie fever and atnal myo
cardium 15 a common site (180) Howeser oc
ca tonally diffuse infiltration of the myocardium
with polymorphonuclear leukocytes and/or lym
phocytes plasma cells and hiles oceurs

or nettoms of muscle cells and 1t
appears to me that the.e 1nfiltrations probably
represent reactron to this marked alteration of
muscle cells Figs 145-150 1llu trate some of
the e changes Fig 145 <hows focal necroms of
mfmcle eells a. oerated with very shght reaction
of L

(6 26 57 126 1.0 143 161 166 200) Among
the cells of the e mfiltrations m some ca es are
mtersper ed cells sometimes 1n nodular forma
tion characteristic of A.choff bodies Slavorzoff
(166) noted that patients who howed extensive
aiffuse mfiltration of mflammatory cells
the mjocardium were ucually children who ex

G

'y cells in ds of an atmal
appendage A choff bodies were alo found m
this appendage Fig 146 hows a focal lesion m
the atnal appendage of another patient This le
sion pl! f
nucles and a rare inflammatory eell Several uch
le 1ons were found m this appendage but no
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definite Aschoff bows were found Fig 147
shows & ventncular myocardial leson rather
sumilar to the atmal lewon m Fg 146 The
leston w Fig 147 15 12 my judgment o emall
so-called A.choff body As stated n the expla
nation of plates ths figure 18 from a heart that
contsmmed an extraordmanly large number of

GEORGE £ MURPRY

m most <enes)  Efforts 1o explam this apparent
contradiction base o far been dissppomting
and econsiderable discus son bas ansen con
cerning the sigmficance of the e Je sons The
eecurrence of these spenifie rheursatie losions m
atra has not generally correlated with prolonged
electrocardiograpluc P R wtervals elevation of

3 O titer, rapd erythroeyle

fesions of heart muscle colls fud: very
many typical Aschoff bodies several of which
are seen m other fgures here iustrated (Figs
2 6 20 21 23 24,27, 50 54 55 57 60, 61
and 63) Fig 149 shows a myeeardinl leston with
numerous <mal} cells associated with necro<s of
myofibers 1 a 15 year old patient who died
mme years after a recognuzed attack of acute
theumatis fever and sbout one weeh after onset
of cough and sore throst Note the strilong
re emblance of thus lesion to the one n Fig
148 wiuch s from & rabbit that died with
mathedly uregular cardme rhythm eght days
after the last of five foeal eutanecus mfections
with group A streptococa Scarring of these
Testons would very probably result m a yacture
bhe that seen mn Figs 151 sad 152 that ehow

ds CATTING IR Yesp ly, a rabbi
repeatedly mnfected focally with group A strep-
tococes and a patient who died after repeated
attacks of vheumstie fover Finally, Fig 150
sbows & vansty of changes i the leit ventncle
of an 8 year old gl There 13 scen here poor
stamnng vacuclation and neerowis of heart mus
cle cells with some cellular reaction and inter
spersed Aschofl bodhes {un the center and left
uper portion of the pieture}

X Speorrie Razoauric Lestows or Muscie
Ceirs GENERALLY RAFERAED T0 A5 As
crorr Bobieg IN ATRIAL APPENDAGES A9
Unequivocas Evipence oF Acrive Ruey
wmaric Hearr Disease

A Frequent Lact of Correlation Between Re
sulte of Chimeal Laboratory Tests and The Oc
currence s Atmal Appendages of Spectfic Rheu~
mate Lesans of Musele Cells—Simee patients
selected for mutral commusurotomy to date
have 1n the very large majonty been considered
free of rheumatic actvity at the time of oper
ation often after extensive and careful chneal

1t has ap d kgt anom
alous that epeafic theumatic lesion Tsually re-
ferred to a3 Achoff bodses, ha:;e been found n;
bopaed Jeft atnal appendage 11 masy o
:ﬁ: @ psp(s;enu (from about 40% to about 65%

sedumentation rate or the eccusrence of Cre
active protew 1n the blood {18 47, 118 118
186) nor has the pre ence of these lesions ap-
peared to be prognostic of the post-operative
clinteal course of these patients (46 138) The e
discrepancies have led some students of rhen
matic heart diease to conclude that these spe-
afic atnal lenons are not mndicatss e of rheumatic
sctivity (48}, or that the great majonty of the e
lesens do not mdieate theumatie sctivity {160)

although 1t has been found repeatedly that the
oceusrence of the e lestons i atnal appendage
correlates closely mih the oceurrence of A.choff
bodies 1 ventnieular myocardum {23 41 96
102 108, 118 150}

p a concept that theu
matic femons develop from a basie change m
connective tissue Tedesch: Wagner and Pam
{179) have mterpreted rheumatic lesons
atnal appendages as bemng indicatise of theu
matie activity only if they exhubit certamn con
nective tissue changes and evudatne mffamma
tory reaction If the morphologiesl entens
and aterpretation employed by the lstter
vestigators were vehd, the incidence of rhen
matte sctvity at the time of mitral commissu
Totomy i & large group of patients studied by
them swould be only 2% (8 out of 400 patients)
The extena utihzed by these snvestigators have
been previou Iy dreu ed m Section VIIE of this
communication and sppear ta the precent author
o be very artitrary I have submitted enidence
here to mndieate that both 1) the lesions that
they mierpret 2s eatly or active le=ons of con
nective tissue whick 1o them ndieate rheu
matie achivity, and 2) those that they mterpret
as  enecent hesled or healing lemons of
connectve tissue that to them do not indieate
rheumatie activity are instesd Jesons of mus
dle cells that ngmify rhewmotic actunly With
se pret to the genesis of subendacardial Aschoff
bodies m atmal appendages the latter and af
most all other mvestigators to date have not
taken imto account rheumstic snvolvement of
heart muscle cells just benesth the subendo-
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eardia] tissue as demonstrated m the pre ent
commumeation 1 Figs 82-90 Furthermore
1t eppears that no one prewiowly has taken
into account rheumatic mvolvement of smooth
muscle cells that occur often m abundance
mn atnal subendocardial tissue (Figs 91 98)
Take smooth musele cells 1 myocardil arteries
(Figs 118-135) and m cardiac valves (Figs
100-108) cubendocardial smooth muscle cells
can teact to rheumatic ijury to form lesions
that mume to varymg degrees Aschoff bodies
that are derived from heart muscle cells

It appears that there 18 no laboratory test
sensitive enough to detect some of the sub-
clmcal grades of rheumatic activity It seems
to the wnter most unwise ndeed meorrect to
a.sume as some have done (47) that if such a
laboratory test as the one to detect C-reactive
proteir: m the bloed 1s negative even though spe
afic theumatie lesions such as those in Figs 82-
90 and 97 are present in atrial appendages then
no igufieant rtheumatic activety 18 present Stol
lerman et al (172) reported that many patients
with specfic rheumatic lesions 1n therr atrmal
appendage at the time of mitral commu.
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These atnal lesions do not meet his entena for
making a definite diagnoss of rheumatic activ
ity However autopsy findings of others (28 41
96 102 108 118 180) have clearly shown that
when such atnal lesions occurred Aschoff bodies
were very commonly, mdeed almost always
found m ventricular myocarduum, moreover
the.e latter studies have shown clearly that
the absence of such atmal lesions by no means
precludes the occurrence of Aschoff bodies m
ventrieular myocardium or of valvulitis In ths

MeKe (118) d m 22
hearts the occurrence of spectfic rheumatie le
sions that she referred to as Aschoff nodules 1n
the left atnial appendage with their occurrence in
the left ventnele She found these lesions i both
appendage and ventricle m 17 hearts but
m the remammg 5 hearts she found Aschoff
nodules 1n the left ventncle only Thus Me
heowns findings mdicate that the abeence of
speafic rheumatic lesions m atral appendage
does not preclude the occurrence of Aschoff
bodies 1 ventneular myocardum Kuschner
and Levieff (96) found that among 15 hearts

showed no elevation 1n serum titer of three kunds
of streptococeal antibodies and as they con
cluded this 13 evidence that the atnal lesions
1n such patients do not represent recent exacer
bation of the disease due to antecedent strep-
tococeal infection  However 1t does not appear
to the present author that they are justified 1n
also concluding that the lack of sgmficant ele
vation m serum titer of streptococeal antibodies
15 evidence that the rheumatic atmal lesions
are the Lmngerng traces of a very low grade
chrome mflammation and  bear httle rela-
tionshup to the functional state of the myocar
diem  This pomt 13 discussed further in the
next section

B Close Correlation Between the Occurrence
wn Atral Appendages of Specific Rheumatic Le
sions of Muscle Cells Some of Which Resemble
Closely Ventneular Aschoff Bodies and The Oc
currence of Ventricular Aschoff Bodies —Saphar
(160) has recently wntten that the great ma
Jonty of lesions m atral d. that have

with hustol evidence of rh activity
subendocardial Aschoff bodies were found 1n
the left atral appendage 1 9 ventmcular myo-
cardial A.choff bodies were found m 10 and
valvulitis 1 10 Thomas Avenll Castleman
and Bland (180) found that among 40 hearts
of patients who dred with active rheumatic fever
Aschoff bodies were found 1 atral appendage
i 29 whereas Aschoff bodies were found m
routine autopsy seetions 1n 33 These authors
further reported that Aschoff bodies oceurred
1 22 of 40 atnal appendages removed at the
time of mutral commissurotomy m compenson
with therr oecurrence in 29 of 40 atnal ap-
Pendages from the patients who died with active
rheumatic heart disease

Saphirs prmexpal objection concerning the
atnal lesions 1 question appears to be that
these lesions are not dentical with the true
Aschoffl bodies and by the true A.choff
bodies I judge he means the mterstitial
Aschoff bodres found charactenstically 1o the

been reported by many others as speafic then
matic lesions and usually referred to as A_choff
bodues are 1 his judgment erther not imdieative
of theumatic activity or of questionable mz
mficance with respect to rheumatic activity

v and these lemons are
derved from aggregates of heart muscle cells
Iying between other aggregates of muscle cells as
shownm Figs 2 6 13 19-27 73 74 76 77 and
79-81 In a recent article Saplur (159) shows
a lesion m atnal appendage 1n llustration A of
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Fig 51 on page 4¢ which he con wders to be a
type of leston that 13 often erroneousiy called
an A choff body However, st 13 noteworthy
that thus fesion appears 1o be xdentical with the
lesons that gre diustrated by hum as true Asehofi
bodies n Fig 46 on page 36

Xt would appear that at least many of the
le wns m atnal appendages that are so com
monly referred to se A choff bodwies are not
morphologreally identieal with certain fland
o called nterstitial or true Aschoff bodies
as Saphir colls them However I would say
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appendages repre.ent reaction of smooth mu.cle
cells or stnated heart muscle eells to rheumatic
myury {Figs 62-08) and studies at autepsy by
others (28 41 96 102 108, 11§ 180} have hown
that when such rheumatse lewons ase found 1
atmal appendage then so-called A choff hodes
are at least very Iihely to be pre eot m yentne
ular myocordmm Furthermore evidence pre
ented bere and previouldy (123 126) shows
that the o-called A.choff bodies m ventricular
myocardm are detved from heart mu cle cells
The conclusions appear to be well justified
that of these peesfic rheu

that if one wats to disgnose rh actanty
untdl lesons are found w athal appendage that
ara morphologically identieal with the flond
so-called mterstitial A choff bodies that oceur
amang bundles of myofibers deep m ventrionlar
myocardim then rhewrnatic actwnity mm atnal

matic lesions m atnal appendages 1} 15 1w el
evidence of aetve rheumatic diease of mu.ele
cells m atria and 2} sgrfies grest Ikelhaod
of active rheumatie disea ¢ of heart muscle cells
m veptncular myocardim  even though no
X : hic evidence of rh ac

appendage will rarely »f ever be d d
On the other hand, Figs B82-86 and 88-00
here demomatrate that lesons wn atyial ap-
pendage involving heart muscle cells just be~
neath subendocardial tissue ocour that are hhe
and are just as specifieally rheumatie a5 le w0ns
mvolving ventricwlar beart muscle cells Just
beneath the subendocardial tussue {Fig 87)

tity may be found C-reactive protein may not
be pre ¢nt sn the blood the erythrocyte edt
mentation yate may be normal and there msy
be no erologieal evidence of 8 recent mfection
with group A streptecoecy Furthermore it 1.
clear that the absence of spepfic atral lesions
does not preclude mpmficant rheumatic sctivity

fnng heart mu cle cells 11 ventricular myo-

And yet the e speafic subend d1a] Jessons of
atrral and ventricular myoeardium may not be
morphologrcally dentical with larger lewtons
that mvolve a greater number of muscle cells
smong bundles of myofibers deep in ventsieular
mj oeardium

C Importance of Recogre wg The Myogenc
KNature of Speeific Rheumatic Leswons wn dtral
Appendage ond Ventnewdar Myocardume to The

cardm

Those who fail to recogmze that the lesions
here di cus.ed sigmify rheumstic disease of mus-
cle cells m the heart will be at a dusdvantage
1m efforts to explun the natural history of rheu
matic beart dices.e and to understand the patho-
logie phy=iology and falure of the myocardmm
m this disea.e

Understanding of The Pathologie F
and Fedure of The Heart 1n Rheumatie Heart
Disease —Same meshigators {179) have msisted
that 1t 15 imperative to comprehend that the
3! and  pecdic th cardiac
leswons develop from prnmary apd es ential
alterations of connective tissue quite arrespective
of musele cells before one eat properdy mnterpret
whether or not changes 1 atnal appendages are
mdicatne of rheumatic activity I veply that
the evidence here submutted demonstrates that
the concept that so-called Aschoff bodies are non

myogene lessons that are denved from prmary
snd es entisl alteration of connestive tissue 18
Dot vabd Furthermore the evdence submitted
bere and previouly (126) demonstrates that
epecsfic rheumatic le ons found 1 subendo~
cardial te. e or subjarest myocardium an atoal

X Tae I or AcTive
Drsease or Heasr Myscss Crite

10 Cirpire FArLURE
A The Relatwn of Actne Rheumatic Dwsense
of The Myocardum to Cardwe Fallure 1 Chil
dren and Joung Adults Often Tithout Ap
prenable Valvular Dejornuty  The Systahic and
Dustohe Murmurs Caused By Actne Rhen
matie Duease of The Myocardum YWith Cordiac
Dilatation —Abundant evidence wdieates that i
chuldren with rheumatic heart diea.c carduac
falure very often acomsted with considessble
cardiae dilatation 19 primandy f not essentially
the result of active rheumatic duease of the
myecardum {20 36 51 104 10> 155 179
204) ond the cardia fasture i ehildzen 1» often
nata ocited with valvular deformaty Lees and
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Poynton {100) 1 1897-58 demonstrated the fre
quency of carchae dilation an ehildren and 3 oung
adults with acute rheumatie fever and/or
charea They noted that even though dilatation
way frequently marked the climeal symptoms of
the patients at rest were remarkably shght In
{atal caes they confirmed at autopsy ther el
1cal finding of cardiac dilatation very often In
the absence of valvular deformuly and eweess
pericardial flud  Poynton and later Coombs
(39) considered rheurmatic duesse of the myo~
cardium to be of great mportance to cardiac
farlure not only m children but 1n adults as well
even though the morphologeal change that they
observed 10 the myocardwm was shght

West (199} 1n 1878 and Coombs (36) m 1924
empha 1zed the causatne relstion of cardtac
dilatation to s\ tolie and even diastohe murmurs
10 attacks of rheumatic fever Bland Jones and
White (20) . 1956 teported on the disap-
pesrance of apical systolic and diastolic mur
murs m 83 rhepmatic patients from 8 to 18 years
of age who were mutally consmdered to have
actwe rheumatie valvular disease on the baas
of the oceurrence of the systolic and disastobie
murmurs In 53 of the 83 patients mitral steno
s1s and Tegurgitation were diagnosed at the time
of the mtil exammation However neiher a
systohic nor a diastolic murmur could be heard
even after exercise of the patients and other ef
fort to defect themt im any of the 53 patients
3 to 5 years later They stated the followrng

In those patients who were conndered to have
mitral valve involvement on the basis of apical
systolie and diastohy murmurs the digstolie mur
mur was nvanably the first to disappear Ge
casionally this apscal dsastohe rumble substded
within a few months after the onset of rheumatic
fection durng the period while the patient
was convalescing asd still under observation i
the hospital In these eases they attributed the
apical systolic and drastolse murmurs that were
mtially heard to carduc dilatation related to
theumatic activity Usually they moted more
gradusl regression of the murmurs over a period
of years F M Smuthin & enssien of this paper
stated his opmmon that subsd of active
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referred to adult eases in which mtral stenosis
had been diagnosed 10 hfe but was not found at
autopsy

Wilson and Lan {204) have emphasized the
relation of carduac dilatation to dastole and
systolie murmurs that appeared in children dur
g attacks of theumatia fever and regressed with
improsement of the patients With the latter m
vestigators 1 have observed m the case of 2 §
year old child who developed a definite ameal
dastolic murmur and  howed at autopsy a
mitral valve of normal thichness except for a
row of tiny verrucae the following extenive
disea e of the heart muscle cells ncluding very
many Aschoff bodies and many fom of non
specific necrosis of muscle cells some of thh
were as.ociated with derabl
mflammatory cells And m a 14 months old
child who died after developing an apicsl di
astobe murmur and showed at sutopsy pmtral
leaflets only hghtly thickened I have obeerved
very exten.ve disease of heart mu cle cells m
cluding many Aschoff bodies and focal necroms
of heart muscle eells 1n many areas assoclated
with mall nflammatory cells

In some patients on the other hand as
Coombs (39) stated when a murmur pre
viously heard clestly becomes less audible and
disappears altogether 1t 15 often a sign of 1
creauing museular falure For imstance when
the mtral <ystolic murmur heard in the carditis
of chidhood becomes less distinct dunng an
acute bout 1t 15 2 s1gn of decTeasing mu cular
power In this comnechon it is pertment to
mention that I have several times detected the
disappeasance a few weeks or several days before
death of systolic murmurs that had developed 1n
rabbits after repeated focal infections with
group A streptococer 2nd at autopsy the prom
nent findings m the e atmals were 1n the mye
eatdim

In 1934 Rothsetld Kugel and Gross (155) re
ported results of 3 chnzeal pathologreal study on
the meidence and sgmificance among 3000 pa
tents who were sutopsied of active rheumate
disease of the hesTt 1 cases which presented

rheumatic disea.€ of the myocardium was for the
most part respomable for the diappearance of
the murmurs i all 83 cases Bland et al al o
Teported that in many other patients they noted
marked regre son of murmurs These mve 4t
gators and Bohan 1 dicuswion of thewr paper

ly and Mustologically unmi takable
evidence of present or past rheumatic heart cis
ease and n which complete anatomcal mvesh
gation had been made The e Theumatic cases
sumbered 161 and xanged from 17 months to 80
years of age There were 22 cases between 1 and
10 years of age Al of the e patients suceumbed
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to myocardsal fadure The authors found that
‘To all the e ca.es the degree of the mechameal
defect was so sight that st ohwiously bore no
selationshsp to the myocardial faidure’ A choff
bodies were found 1 20 of the ¢ 22 cases There
were 44 cases between 10 and 20 years of age
snd 10 41 of these there was active rheumatie
myocardis} disea e In 35 of these 41 caes m
which the patients died of myocardial farure
end m which the degree of the valvular defect
was tudied 8showed a tight mitral stenosis and
2 moderate valvular stemosss Among the 41
patients with active rheumatic disea ¢ of the
myocardiim A choff bodies were found 1 87

B Cordiee Fmlure tn Pahents With Mitral
Steronss Special Reference to The Cons:derable
Benefit From Mitral Comunussurotomy tn Meny
Cases, and Lack of Cosrelation 1 Many Cases
Between Subjective Improvement and OBjective
Chintcal Findings After Operation ~Poynton
Coumbs and Rothschald Kugel, and Gross and
others conidered active rheumatie disea ¢ of the
myacsrdum to be of great mportance to cardiac
fadure not only m chuldren but a! o m adults
with or without valvular deformuty However
they and A choff and the great msjonty of

hol have not d 3 b
of henrt muscle cells m the so-ealled Aschoff
bodtes and other myoeardial lestons 1w patients
with rheumatic heart di ease This widespread
lack of recogmtion of the myogeme nature of
these lesions and the fong held and widespread
assumption that they are non myogenie lestons
of connective tissue gave e to the quandary
recently expres ed by Pmmnger (140} a3 fol
lows Until the relation between the abnor
malities in the connective ticue and myocardisl
fadure 13 understood the mgmficance of thee
hustological changes wili remam obscure  And
Fuschner and Lewieff {06} recently stated  As
Pinmoger has pomted aut, we do not ay yet ua
derstand how the Aschoff body a leson of the
imterstitial connective tissue affects myocardial
function

Tt sppears to be well recogmzed that schve
rheumatie disea.e of the myocardum 13 of pr
mary waportasse to heart falure m cluldren

(even though mvoliement of the heart mu.cle
cells themeelves us here demon.trated 1s stil
very generally not recogmzed) In evplanstion
of eardsac falure 1n sheumatic heart di ease 1n
adults on the other band especially in patients
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with mitral stenoss there has been an 1ncreas-
ing tendeney i recent years to mmrmze and
even disregard the role of rheumatic leswons of
the myocardwm, especially those that represent
active diesse (54) In 1954, Wilson and Green
wood (203} stated There 1s considerable doubt
about the functional wnportance of lemons m
the myocardum ecn i adult rheumatie heart
digease ”

In the Light of the widespread lack of under
standing of the mvolvement of heart musdle
eelle m the so-called A choff bodies and other
myocardial lewons 23 here demonstated, i 1
pethaps understandable why there 1 zuch con
siderable and widespread doubt about the func
tional 1mportanee of rheumatic lesions w the
myocardim m rhewmatie heart dueane m
adults But I would emphasmze the following
If active vheumatie di.case of heart mu.cle cells
can eau ¢ fabire of chuldrens bearte without
the burden of valvular deformuty and even
without valvular thickempg then 1t 15 lkely
that active rheumatie ds ease of heast mu ¢le
cells can cause fadure of adult hearts especsally
those burdened with valvular deformty and with
myocardium damaged by previous attacks

The results of commussurotomy for mutral
stenosis have hown that this aperation 15 of
consxderable benefit to properly selected patients
{10 11 48 62 173} Indeed very strkng ma
provement 1 certamn patients has been reported
by many observers It appears that the most
smtable eandidates for this operation are tho.e
patients with tight mstral stenomis with & xm
mal degree of msuffimency who have shown dis
abhng sympioms of cardio pulmonary dysfune
tion for a fauly short pessod of tume (46 61
62 173} The more marhed the degree of as-
sotiated mostral wsuffiesency snd the more ad
vanced the state of congestive falure the less
Iikehihood there 15 of benefit from the operation
{46 173} Elis Harhen and Black (48} have
recently reported moderate to marked improve-
ment following commssurotomy even m 55%
of 206 patients who were mostly cardise
valids suffenng from chrome congestive fatlure
or who were mamtsmed m a precanous state
of compensation only by wigorons medseal
means

Some ob ervers have found that the subjec
e ynprovement i many patients after mutral
comm1 wag not 4 with 1m
provement 11 objective chinteal findings 1n par
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trenlar cardize murmurs heart mze and elec
trocardiographic findings (15 4o 169) In 20
patients followed m eenal roentgenclogieal study
for penods varying from 6 months to 2 years
Soloff and Zatuchm {169} found that the
number of patients with mereae 1 heart <ze
after commz surotomy was greater than the num
ber of patients that showed no change or de-
creae n heart sze and they attnbuted the in
crea.e 1 heart s1ze to mtenuification of reactiva
tion of rheumatic earditis Bergy and Bruee (15)
found on post-operative evaluation of 31 pa
ttents at an average of 21 months after mtral
commussurotomy that there was considerable
between uby; p
on the one hand and objective findings mn re
sponse to standard exercie tests on the other
In & roentgenologieal etudy earned out for from
12-30 months {average about 19 menths) after
mutral commysurotomy m 55 patient. Gary
(56) found that even though 44 of the 55 pa
tients were able to Tesume normal or almost
normal activity the majonty ehowed no de
crease 1 heart <1ze and i eome the heart had
become definrtely larger In some patents de
layed po<t-op yo and
copvalescence has occurred and i others post
operative improvement has been followed m
several months to a few years by detenoration
of eardiac <tatus {12 25 46) Pampuh and
Bruce (134) studied the clmieal cource and
tolerance of standardized exercres of 15 pa
trents with mutral stenosis who did not undergo
surgical treatment of the mtral valve for a
vanety of rea.ons When the patients were re
evaluated one year later it was dr.covered that
the three patients with poorest functional eapac
iy (class IV N Y Heart Association classifi
cation) had died despite the fact that their ages
ranged from 3540 years In the 12 surviving
patients with class I II or ITI funetional capac
ity reduction had oceurred in inerdence of
eymptoms and mgns as well as treatment of
pulmonary and cardiac edema Harvey et al
(73) emphasized the of
those rheumatic patients with mitral stenosms
whom myocardial msufficency was primanly
mmportant They stated that m such patents
1 the absence of moderate to severe degree of
pulmonary hypertension at rest probably httle
or no umportant degree of mrtral block exsts
Such patents numbered 8 among 45 patients
with mtral stenosis who were studied physio-
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logieally by them =23 possble candidates for
mitral commussurotorny Ellset al (46) recently
stated that Mjyocardial fadure 15 undoubtedly
an important element m the poor results of
some of the patients or 1 the deternoration of
others  and Baker and Hancock (12) consider
that a myocardual factor may contnbute to the
detentoration and may well be presert 1n thove
who etill mamtam good results

C Lack of Correlation Between The Degree
of Mitral Stenons and Carduc Dissbility end
Betieen The Degree of AMitral Stenoms and
Pulmonary Vascular Change Special Reference
to Unoperated Patients With Marled Mitral
Stenosnis With Lattle or No Signs of Congestive
Heart Fadure Even at Advanced Age—It has
long been known that in eases of rheumatie
heart diea e with mutral stenceis the degree of
mechameal obstruction due to the stenozs does
not necessanly correlate with either the occur
rence extent or time of on.et of cardiac fallure
Some patients with considerable even very
toarked motral stencas can hive well past the age
of 70 ometimes with little or no evidence of
cardiac falure Roth.child Kugel and Gross
(155) 1 report of a clmieal pathological study
of 161 patients who died with evidence of rheu-
matic heart drease either active or mactive
commented that 1t was etnking to note the hgh
grade of mechameal defect existing 1n mdivid
uals living to the 5th and 6th decade with httle
or no evidence of congestive failure  They al.o
reported on two patients with moderate mutral
stenosis who curvaved to the 8th decade Anather
patient a woman of 80 years with tight mutral
stenosis and marked aortie stenows died of
thromboss of a mesentenc artery with no signs
of cardiac falure White and Bland (201) re-
ported on 4 panents with moderate mitral
stenoms who hved beyond 80 years of age and on
one patient who died at 73 years of age of
‘bronchopneumoma with but Uttle heart failure
assooted with extreme fih mouth mutral
stenoay

Graham et al (65) reported on correlation of
post mortem findings wath the elmieal eour<e 1n
101 cases of mutral stenosis In 2 considerable
proportion of the e patients especially of those
over 50 years of age rheumatic heart diease
was either not diagnosed durmg bfe or only
durng the termunal fllness Severe mutral stenosis
was not uneommon 1n the older age group m
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deed 21 of the 58 patsents over 30 years of age
and 16 of the 33 patients over 60 years of age
had mitral stenows of the most evere grade
(Grade II1) Although of the 101 patients
stucied 47 bad very marked stenois of fh
mouth eventy the chmeal records indicated
that 15 of these 47 patients had httle or no
cardiae di ability up to the time of their death
or untd the termmnal part of thewr Miness 16
of the patients with eviremely stenotic matral
valves ived over 60 years and 3 patients Ined
over 70 years These findings how that mutral
stenoas of @ esere grade may be tolerated by
<ome patients for a protracted penod with
either hitle or no mparment of eardiee re-
serve This was al.o apparent m their analy 15
of patrents m whom rheumatic beart dies e
was not diagno ed during hfe There were 31 10
this group =nd 6 of them had marked mitral
steno 15 Al 6 of the e and 21 of the total of 31
were able to carry on with ether wo cardiac
symptoms or with mild dy pnes only pror ta
therr termmal illsess They further reported that
of 45 patients with the most severe degree of
mitral teno 18 12 had no demenstrable orgame
changes m the pulmonary cireulation and m 17
the changes were only mild  2nd i ozly 6 of
the 45 were pulmonmary changes reported as
marked In a compamon tudy Ellis et al (44}
reported oo 10 patients with very marked

fish mouth  mstral stenosms and 2 patients
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chiefly elderly peaple with valvidar deformty
concluded that progresve changes m the myo-
cardium are more mportant to heart fafure
than the valvolar defects He emphasized the
great vanabiny with which the hearts of pa
tients with wumilsr degree of valvular deformty
tolerated burdens <ueh as walling vanous di-
fances starchmbing weght hfting or  ome
upenmposed non rheumatic dies e With the
miere cope he ob erved sanous cellular and de
generatne changes mn the myocardum 1 adds
tion to clerotsc chapges in coronary artene and
arterioles m these patients Rothschild, Kugel
and Gross (150) earried ont a chnreal pathalogs
cal study of 161 patients who died with rheu
matic heart dies e either actie or mactive
far the purpose of correlating the orcurrence
of myocardial fsdure the degree of talvular
defects and the presence of myocardul & eae
together with the vamous age peniods m which
death occurred They concluded  While the
csusal relation of active myocarditis to ciceulz
tory fatlure 1s very striking in the first 2 decades
of Iife 1t 15 not sufficientls appreciated that m
caces of rheumatic heart disease in adults of the
the 3rd 4th and 5th decades of hife a recusrent
rheumatic myocarditis rather than healed me-
chameal defects may w the maonty of m
stances be the precprtating eau ¢ of the arcula
tory fmlure They emphasized that mdividuals
with gquescent rheumstic heart diesce and
lerable valvul! may reach the

with stenotie miteal valve  admitting one fin
ger  who died after physiologic measuzement
{particlarty of the cardue output and pul
monary va.eular pressure} had been corzelated
with the chimeal states of the patients They
tated It was found that the degree of mitra}
stenosis and the degree of pulmonary vascular
change could not be clo ely or accurately cor
related enther with the degree of diabiity of
the patient or with decrease of cardiac out put or
increase sn pulmonary pres-ute although of
course there was & genesal tendency for such
correlations to ewmst Active rheumatic myo
earditis was found at post mortem examination
1o be pre ent n eeveral patients m whom 1t was
not chmealiv diagno ed

D The Relation of Actire Rheumatic Dhsease
of The Myocardwum to Cordwe Falure n Pg
tients of The Thrd, Fourth and Fifth Decades
of Iife and Older—Kreht (84) m 1880 from
careful chmeal pathological study of 10 patients

Tth and §th decades of hie ard die of a totally
unrelated disesse without having had amy evt
dence of cardwe fatlure direetly attrbutable
ta therr valvular deforrmty

Wezner (105} from tudy of 100 consecutne
ca.es of eardize fatlure i patients with rheu
matie heart disen.e (rangmg wm age from 5 to
69 years median age 31) concluded that it 13
ot only mfection but s speeific rheumatic 1n
fection that 18 the maportant factor m the
production of beart fallure  Juster {86) carned
out a chinteal studv of 83 ambulatory caes of
chromse rheumatic beart d: ez ¢ in women be-
tween 15 and 44 years of age who were followed
for a persod of 1-2% months (average of 137
months) In the couree of this study regular
anus rhythm gave way to atnal fibriflation m
9 caes 2nd 1t appeared to Juster that 1 esch
mstance the cardiae srregulanty supersened
dunng periods of theumatic setmts On the
other hand 1% appeared to hum that i certan
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ca.es activity was ble with
normal cardiac reserve He concluded that m
many adult ea es prolonged and progressive ac
tive rheumatic heart disea e per ists sometunes
so mild as to be scarcely detectable but some
times exhibiting high grades of seventy
Even m rheumatic patients in the 6th and 7th
decades of lfe actnve rheumatic diseae of the
myocardium oceurs 1 as octation With cardiac
decompensation A.choff bodies n the mjyocar
wm have been repeatedly found 1n patients m
this age group (50 67 113 126 145 152) In
such patients active rheumate disea.e of the
myocardium 15 usually not suspected chmeally
mstead the cardiac decompen.ation 1s wsually
attributed entirely to valvular deformty Ferns
and Myers (50) reported on 3 patients between
61 and 79 years of age who died with pumerous
myocardial A choff bodies and only light val
vular changes In a 59 jear old woman who
ced suddenly and without a diagnosis of rheu
matre activity Mallory (113) found on mucro-
opic examination that The heart shows more
jzichoff bodies per eu mm than apy beart I
have ever seen In this case there was muld
mitral stenosis with ecalefied leaflets but no
great shortening of chordae In a case of rheu
matic heart diease 1 s 61 year old woman
Rakov and Taylor (145) teported that Histo
logic studies revealed the large t and greatest
number of A.choff bodies 1 the mjocardm
that we have ever seen There was moderate
thickenmg of the mitral valve and some chordae
Rogers and Robbimns (152) reported the oceur
rence of Aschoff bodies 1n several patients over
60 years of age m whom rheumatic activity had
not been diagno ed and they emphasized the
¢ of the active dial di ease to
cardiac failure m these patients I have recently
ob erved & case 1n which very extensive active
rheumatie disea.e of heart mu.cle cells i ludmg
a very large number of Aschoff bodies occurred
1 association with cardiac failure m 2 60 year
old woman with moderate mitral stenosis and
rheumatic activity was not dsagno ed before
death
In the light of the foregomg evidence of evere
active rheumatic myocardial diease a ociated
with cardiac failure m adults 1t 13 surpn mg to
note a recently expre..ed view {54) that con
gestive heart failure m adults with b
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correlation reported to date between the occur
rence of specific rheumatic lesions generally
referred to as Aschoff bodies 1n atrial append
ages and the pre- and postoperative course of
patients who have undergene mutral commis
surotomy has been pomted to by some as a
reason for beheving that these lestons are not
mdicative of actrve rheumatic disease and also
as evidence that rheumatic activity 15 not 1m
portant to cardiac failure in the e patients This
view has recently been expressed by Fredberg
{54) as follows The development or progres
sion of heart failure i the adult with rheumatre
heart diea e 13 often attributed to actne rheu
matic fever especilly 1f the patient 13 febnle
These diagnostic concepts are based on the
trad 1 teachmng that fever 1s a
per 1stent chrome di ea e with a tendency to
recrude cence throughout life This teaching m
turn was based on po t mortem findings of As
choff bodies 1n the myoeardmm of patients 1n
the third to xth decades who died of rbeu
matic heart di eae and heart falure long after
the overt acute attacks of rheumatic fever The
Aschoff body was mterpreted to sigmify active
rheumatic fever This interpretation arnd the
concepts based on 1t are no longer tenable mce
biopsy pecumens of left atnal appendages have
disclosed 2 high ineidence of Aschoff bodies
without relation to the clineal picture and sub
sequent cource leading to the conclusion that
the pre ence of Aschoff bodies cannot be re
garded as evidence of climeally active rheumatic
fever If further studies support evidence that
there are fresh and semescent A.choff bodies
that can be differentzated by speeial stamns the
fresh A choff body may be found to be accept
able as a pathological eriterion of ehmeally ac
tive rheumatic fever

In reply to the views quoted s the above
paragraph I will first refer to the evidence sub-
mutted here m Figs 82-98 arnd 160 and dis
cus.ed 1 ections VIG VI VIII and X of
tlus communieation and alo to evidence previ
ou ly -ubmutted (126) which shows that pecific
theumatic leions generally called Aschoff
bodies m atmal appendages represent active
theumatte le 1ons of two kinds 1) A.choff
bodres that onginate from rheumatic damage to
(striated) heart muscle cells usually just be

beart diea.e should rarely 1f ever be attnbuted
to actnvation of rheumatic fever The lack of

neath the cubendocardium (Figs 82-86 and 88—
90) and 2} lesions that onginate from rheumatic
damage to smooth mu cle cells 1 <ubendo-



328

cardial hsue (Fags 94-07) and sometimes
clo ely re emble A.chofl hodies that are demved
from hears mu cle cells This evidence indicates
that the clasufication or diviston by Tedeschs,
Wagner and Pam (179) of Aschoff bodies mto
fresh and .ene cent forms on the baus of changes
m connective trsue rrespeetsye of muscle cells
s not only srbitrary but it 15 meorreet DMost
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does not preciude the occurrence of ventsioular
A.choff bodies (118, 180)

Thus the occurrence of these epeefic atnal
lesmons 1 1 stself evidence of active theumatie
disea.e of mu ele eells m the heart, even though
there may have been no recent progression of
sympioms of congestive fadure prior to commiy
surotomy, no electrocardiographie evidence of

h actmty may be found, C-mactive

unfortunately this cl draws
sway from the most important changes m the
atrial appendages, namely tho e of muscle cells
that gmfy that actve rhewrnatic disease of
wmusele cells 1= al.o very probably present in the
ventneles
Friedberg states that the high meidence of
Aschoff bodies 1 atmal appendages 15 without re
lation to the chimeal picture However, a large
proportion of if not most patients whe submmt
to mutral commussurotomy do so because of
prog ¥ LS of gongestive
fmlure Fredberg further wntes  The modified
Jones cntena qute properly bst eongestive
heart failure 23 4 enterion of rheumatie earditis
only 1n patients helow the age of twenty five
Beyoud that age heart failure 15 most probsbly
due to other causes that cannot be excluded
But 1t would appear to be very asbitrary to hmit
the u e of congestive heart falure as a craterion
of sctive rheumatic heart diease to the first
2V decades of ife The finding of Aschoff bodies
m patients with sheumatic heart disease who
die 1 the 4th snd 5tk decades because of mye
cardial faidure bas been previowly hese refesred
to (155) Ewdence even in patients mn the 6tk
7th and Sth decades of congestive heart failure
Jeading to death and due to sctive Theumate
myocardial dises.e that was undiagno ed before
death has af o been here cited
In discusston of rheumatic heart disea.e 1n
adults Coombs {39) stated the f{ollowing
Symptoms are more smportant than signs and
wwhen 1t comes to sgns tho e that mdicate the
condition of the muscle ave of more value than
hese an.ing directly from the vabvular changes
Tt has been shown by many other observers
that there 13 & close correlston bet]ween the
rrence of the specifie rheumatic Jemons
thrtl‘:"ll appendsges 23 wietrated n Figs 52-86
§5-00 84 96 snd 97 and generally referred to

protemn may not be present m the blood, the
exythrocyte sedumentation rate may be normal
and there may be no serologiesl evidence of
recent miection with group A streptocoes:

E The Relation of Spec:fic Rheumatic Lesory
of Muscle Cells Generally Called Aschoff Badies
. Biopsied Cordie Atnol Appendages to The
Pre Operative Chmcal Course of Patients Be
tteen 20 and 40 Y ears of Age With Signs of
Mitral Stenans Whe Underwent Cordwe Sur
gery ~With respect to the widely held a.sump-
tion that the occurrence of specfic rheumstic
atrial lesions bears no relation to the chmeal
course of patients undergoing matral comms
surotomy I will refer to the wark that has
been recently carned out and 1s bemg continued
by Dr Fredene G Dolidorf and me {40) on the
relation of speesfic rheumatie lesions generally
valled A choff bodies 1w cardiae atnal sppend
ages to the preoperatne chmcal courwe of pa
tients with rheumatse hesrt disesse who under
went matral commussuratamy

Many sf not most patients who submit ta
mutrsl commussurotomy do 50 becaus ther
symptows of cardiac disease sre progressmely
worsemng This rasses the question Why does
the eardic status of these patients detenorate?
It occurred to us that m the ¢ patients active
rheumatic myocardial disease i3 an wmportant
factor as i 15 m younger adulte and chidren
and this 13 indeated by the frequent occurrence
of specific rheumatie lesions of mu.cle celly
{Figa 82-86 8800 97 and 160} generally
called Aochofl bodies, m surgically removed
atnsl appendages If this were true then m &
group of patients free of other cardiova.cular
diseases and conditions which mught contnbute
to fatlure of an slready darosged heast a defimute
correlation mght be dicovered between the
climeal cource and findiogs 1 atral

85 Awchoff bodies and of typeal

Aschoff bodies m dar my d {28
gsfge, 102,108 118 180) It has al.o been shown

that the absence of thee specific atnal lemons

Only patients below the age of 41 years were
selected for this study to mummize the effect
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of 1 1 1 1
duea e We obtained the clueal kxstories of all
patients under the age of 41 years who under
went mrtral commussurotomy before 1957 in the
department of surgery of the New York Hosp:
tal Histones 1n these cases had been recorded
1m detail by at least three observers on each ad
mussion Two patients were excluded because
thetr histonies were inadequate and 15 ca.es
were ehminated becau.e of the following cond
tions 11 patients were pregnant at the time
of operation 1 patient had expenenced repeated
episodes of pulmonary embolization 1 patient
wag hypertensive 1 patient had diabetes mel
Itus and 1 patient was considered to have
L bacher s synd In g the chny
cal hustores particular attention was pad to
the time of on.et and to progression of cardiac

prior to was
placed on such symptoms as inereasng exertional
dyspnea  orthopmea  paroxysmal mnocturnal
dyspnea ep: odes of hemoptysis and worsening
fatigue The patients were elassified mto three
major groups Group I consisted of those pa
tients who showed steadily progresaive worsen
g of eardiac symptoms with evidence of pro
gressively decreasng cardiac re erve for 18
montha or less prior to operation (35 patients)
11 of these had been entirely asymptomatic
before their preoperative detenoration Group IT
compri.ed those patients who had shown steaddly
progressive worsenng of thelr card.mc symptoms
and evidence of car
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The ongnal .ections stained with hematoxyhn
and eosin of the atnal appendages as well as 3
new sections 1n each case cut from the paraffin
blocks and stamed respectively with hematoxyhin
and eosn phosphotungstic acid hematoxyln
and Masson tnchrome were exammed The
amount of atnal tissue was mnadequate m 5
cases and they were excluded The hstologic
matenal was clasafied sunply as those cases with
and tho e without specific rheumatic lesions of
muscle cells (generally referred to as Aschoff
bodies)

The final sample consmsted of the clinteal
histories and atnal tizsue from 81 patients, 64
women and 17 men ranging mn age from 20
to 40 years

As seen wmn Table T the spectfic rheumatic
lestons were found m 385% of patients with
severe theumatic heart diea.e m whom no ev1
dent deteroration of cardiac status occurred 1n
the last two years prior to operation (Group
III) On the other hand these lesions were found
m 76.57 of patients showing marked progres
sive worsening of cardiac symptoms for longer
than 18 months prior to operation (Group Ila)
These Jesions were found 1n 86.57 of all patients
showing marked progresave worsenmng of car
diac symptoms prior to operation (Group Ia
and Ia combmed) And finally 1t can be seen
that these lestons were found m 95% of those
patients with marked progresave worseming
that began only 18 months or less prior to

diac reserve for a period lanqer than 18 months
prior to operatton (33 patients) Group IIT
compnsed those patients who likewr.e had severe
rheumatte heart diease but had shown no evi

dent deterioration of their cardiac status durmng
the two years prior to operation {13 patrents)
The 68 patients showing detenoration prior to
operation 1e those 1 Groups I and IT were
further subdivided into subgroups a and b

depending upon the degree of worsemng Those
who had expenienced well documented marked
deterioration were classified 1n suk

(Group Iz) The only patient of ths
last group m whom Aschoff bodies were not
fourd showed numerous small foet of necrosis of
heart muscle cells

It appears evident that a sgmificant relation
ship has been demonstrated 1n this study be-
tween the pre-operative cliueal course of pa-
tients with rheumatic heart disease who
underwent mutral commesurotomy and the
oceurrence of specific theumatic lestons 1n sur
gieally removed Jeft atnal appendage

Tt 13 probable that rheumatxc heart dLEaSE
a chrome

a
while those whose deterioration was less marked
and sometimes dfficult to be sure of were class
fied m subgroups b These subd

18
condition with episodes of remusson and ex
acerbation Much evidence mdicates that many

brought the total number of clm)cnl groups to
five (Ia Ib Ile IIb and III) E of

epsodes of rh actiity do net produce
the clinzeal 1
to be ch of an attack of rheumatic

the chmical records and decisions s to chmeal
grouping were made without knowledge of find
mgs 1n the atnal appendage

fever And many of these episodes must be
clinreally mute m view of the large number of
patients severely handicapped with rheumatic
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TABLE 1t

Oceurrence of Spectfic Rhewmatsc Lesions® 1n Atrial Appendages 1n Relation to Duration and Serenty of
Preaperatiie Deterroration of Cordiac Status tn 81 Palients Belieen, 20 and 40 Years of Age

Chn cat b
R S e BN et s ] NI
Rigtom
Number
w
Group Dusston ot progressan | Sever ty ot pe gressn flosi 8/ | (Percest) | Aversg | Medin | (Perssnt)
amup
Ia 18 months or less Marhed definste 18/20 90 309 31 €xne
Ib | 18 months or Jess Muumal ndef | 19/15 | 667 344 36 455
mte
ia Longer than 18 Marked defioite | 13/17 6§ 320 32 06
wonths
Iib Lounger than 18 Mimmal mde§ /16 33 344 35 437
months nite
m No progression of symptoms for st least | 5/13 8BS 317 31 383
two years
“Total 51/8% 839

* The term  specsfic rheumatss Jessons 10 atriad sppendages 15 used 1n reference to 1) Aschoff bodies
that ongiate fram rheumatic damsge to (striated) heart muscle eelle uvsually just beneath the subendo
carchum (Figs 82-86 83-90) and 2) lesiona generally desigasted Aschoff bodies by others that ong
nate from rheumatic damage to smooth mascls cells 1 subendocardsal tissue (Figs 94-97) and some
timas elosely resembdle Aschoff bodes that are derzved from {stristed) heart muscle cells

Statistical analyms (168) of the of speesfie rh lesions i atriat 1 the varous

chmeal groups
Groups Is < IIa compared with Groups Ib JibyJ1I in =128 0001 > p> 00001

Groups Is + Ia compsred with Group IIY
Groups Is - Ib ecompared with Group 11T
Group s compared with Group 1T

Xh =80 001> p> 0001
Xl = 698 001 > p>0001
Ao =103 0601>p>000

 This table 1s essentially hike Table I the paper by Dalldarf F G and Murphy G E entatled
Relationshsp of Aschoff Bodtes mn Cardioc Alreal Appendages 10 the Noturei Hustory of Eheumatic Heart
Disecse 1 pressio Am Jous Path vol 37 Nov 1960 Permismon bas been granted by the editor of

that, journsi toreproduce this data here

beart disea e nho give no hustory of expenene
mg an attack of rheumatse fever ar chorea This
15 further burme out by our finding of speafic
lustalome evidence of actnve rheumstic heart
dresse ss mamfested by rheumatic leerons of
atnal mucle cefls m 385% of thoe patients
{Group I11) with evere rheumatic beart disea.e
who showed no evident deterioration 1 the
cardiae status m the last two years pmor to
commy.surotomy Hoswever, ather findmes shown
n Table I wmdicate that when sub-chmeal ept
odes of rheumatic actvity orcur in patwenls
with hearts aiready everely damaged by pre
vious theumatic drea e they often mamfest
themeehes by p W g of cardio-
va_cular symptoms {Groups 1 and 1) Indeed

W appeats to us that the chief csve of cardiae
decompensation 1n hatients with rheumatie heart
dipase 3t least through the age group here
studied 13 rheumatie sctivity st.elf

Strong evidence hows ss discussed i sec
tion X that the presence of the specific rhen
matie lesans of mu cle cells that aze generally
called Aschoff bodies i atnal appendage
disgnastic of actwe rheumatic heart dreae
As prestou Iy mentioned m sechion XB com
bined biopsy autopsy findings of others (28
41 90 102 108 118 150) have clearly shown
that when the e atnal Jessons wese found at the
tume of mitral commusurotomy typical A chofl
‘bodies were nearly always found m sentneular
ryocardsum and moreover, it has been hown
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that the ab ence of such atrial le 1ons does nat
preclude the occurrence of ventricular Aschoff
bodies (118 180) However the presence of the
atnal le 1om3 1n 1t elf 15 not of the
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that in examination of the heart of patients
with rheumatic heart disea.e who die and show
no histologie evidence 1n a single routine section

post operatize chimeal cour e or of future events
1 the natural history of 2 patients rheumatic
duease If a patient has active theumatic disea e
of given mtensity on the day of commussur
otomy 1t does not necessarly follow that this
partieular ep ode of activity will long continue
at the ame ntensity and lead to recurrent
ation d with p
myocardial changes and/or new valvular altera
tions Indeed the surgeon may fracture the pa
tients mutral valve pear the end of a phase
of rheumatic activity and in such instances
one would ob erve marked post operative m
provement due not only to improved hemo
d related to but also
10 1mproved function of the myocardmum result
mg from remussion of actwity By the same
token absence of rheumatic activity at the tume
of operation does not preclude reactivation of
theumatic activity at a later date associated
with worsemng of myocardial status Although
the question has not been answered satisfac
torlly 1t 1s pos ible that transent reactrvation
of rheumatic actvity or intensification of ewst
ing sub chmeal rheumatic activity results from
cardiac surgery m some patients On the other
hand however 1t1s hkely as Black and Harken
(19) have <tated that m some patients al
though rheumatic activity 1s present the patient
with sigmficant valvular obstruction may handle
that myoeardial disease better after the obstruct
1ng factor has been reheved
One may mqure Why does the incidence
of active rheumatic lesions among brop 1ed atnal
appendages of patients undergomng mutral com
mu.surotomy appear to be sgmficantly higher
than the reported meidence of Aschoffi bodies
among hearts m mo t eries of autopsted ps
tients with rheumatie heart ¢ eae (31 70 96)?
This hould not be surpnsing when one realizes
that i compan on with bopsy ene autopsy
series of ca.es of rheumatic heart disea.e usually
mclude older patient many of whom died after
theumatic disea.e had become quescent Fur
thermore many of the e people although they
howed matked shgmata of rheumatic heart
diene died because of an unrelated disease
as hown in the study of Rothschild hugel and
Gross (155} My own expenence has taught me

of d one should always bear 1n mind
as Gross and Ehrlich (70) emphasized that the
number of blocks of the heart that are studied
and the sites from which the blocks are taken
will bave an unportant beanng on whether or
not so called Aschoff bodies are found Gross
and Ekrlich found these le 10ns 1» approumately
5967 of 161 patients ranging 1n age from 17
months to 80 years who presented anatomzeally
and histologreally unmistakable evidence of pres
ent or past rheumatic heart disease Among 46
patients ranging 1n age from 20 to 40 years
they found A.choff bodies 1n 674” In com
parison 1t 13 noteworthy that in the recent
study by Dalldorf and myself specific rheumatie
lesions (generally called Aschoff bodies) of 1)
heart muscle cells or 2} subendocardial smooth
muscle cells were found n the left atnal append
age curgically removed at the tiume of mutral
commussurotomy m 63 of 81 patients ranging
m age from 20 to 40 years
In 1924 Coombs (39) after many years of
mtensive chmeal pathological study of rheu
matic heart disease made the following state
ment The more I see of the microscopic and
of the rhi heart
the more am I convinced that even in the most
chronie and apparently extmet lesions 1t 1s

wrong to forget the posmbility of active infec
tion

XII Lestons or Broop VesseLs ov THE
Hearr anp TrEIR RELATION TO
MrzocarpiAL Danace

Any thorough explanation of myocardial dam
age 1n rheumatic fever must take mto consder
ation the fact that coronary arteries and ther
branches are frequently damaged 1 this dis
ease The occurrence of artemal lesions mn rheu
watie fever has been recogmzed for over 80
years (94 129 144) and extenswve deseniption
and review of rheumatic vaseular lestons may be
found elsewhere (71 87 93 137 153) EKrehl
(94) Romberg (153) Fahr (49) Swift (174)
and harsoer and Bayle 5 (87) considered lestons
of myocardil artenes mportant to mjocardial
damage 1n rheumatic fever All coats of coronary
arteres and therr branches meluding arteroles
may be mvelved and capillaries may be prom:
nently mvolved Marked hyperplastic mtimal
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rheumatic changes may cause sigmficant narrow
mg of arterial lumina, especislly of emall and
medium aized vessels In ome arteres medial
degenerative andfor hyperplastic changes are
promment, Fragmentation of the mternal elas
tiea of arterses 15 often found Gross, Kugel, and
Epstein (71} descmbed everal charactenstic
rheumatie lesions of coronary artenes Ose of
the most charactensiic of these results i intimal
musenlo elastic hyperplastic change that m
medsum sized and small sayoesrdsal arteries may
cau & agmficant lumunal natzowmng  and some-
times gppreciable narrowng of large coromary
arterses occure Althaugh proved thromboms of
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found m some hearts have not been found,
though earefully looked for, m many others
but myecardisl Aschoff bodes were present m
large numbers Furthersore i fatal eases of
thrombotie thrombosytopeme purpurs, m wheh
! d platelet thrombosis of and
capiliaries occurs m tissues meluding the heart
{7 122), A.choff bodies have never been re
ported to oocur i the myocardium I (126) bave
recently exemined many sections of myoeardim
m & cae of thrombote thrombocytopemc pur
pura that are pappered with an extraordmarnly
large number of Jeukoeyte-platelet and platelet
thrombr both fresh and 1n vamous stages of
gl vepules, artenvlee

large covonary arteresis rare 1 rh fever
this 35 not true of cardiae pan, mcduding that of
anpma pectons Grosy and assocsatey (71) de
senbed aceludmg platelet thrombn m the left
ereitmflex coronary artery and major branches
d with ¥ dsal wnfarction
m a fatal cace of rheumatie fever i a 17 month
old chaid Thrombons of small myosasdial arter
1es and arterioles has been repestedly found m
rheumatic fever (39, 128 153, 171} In somem
stances 1 appears that the oecludmng materal
compn.es chiefly clumped platelets with soms
fibrin In the smwall artenes and artencles pro-
bferated and/or damaged endothelal cells are
sometimes seen at the ba.e of these thrombs
Over all the lesmon appears to be verrucous
artentia qute eamparsble to valvular verrucae
{128) Qrgamzation of these thrombr may
result 1 permanent marked narrowing of these
small ves.els
In the bght of the evidence presented bere
and elsewbere (123 126) to show that A.choff
bodses develop from mpured myofibers st xmght
appear tempting to eonsider that narrowing or
oeclumon of the lumen of small myocardial ves-
sels by probferative vascular change or by
thrombesss results m the oecurrence of Aschaff
bodies Indeed Whitman aud Fastlake (202} con
adered this posability But the evidence for
such & wiew 15 Jacking In several cases of fatal
sheumatie fever Stetson (171) reported & con
mstent correlation between the occurrence of
teukocyte-platelet thrombs mn eapllanes small
yeir. snd oreasonally m artenoles oft the one
hand snd the presence of Aschoff bodies on the
other In my own studies bowever, of many
sections of heart 55 many cases of setive rhew
matie heart duease, vascular thromby, though

1

and gmall artenes These thrombotie lesions are
stnlungly like those found w rheumstic fever
Though carefully locked for several times no
lesiona resembling Aschoff bodres have been
found i this case, but some minute wfarcts
were found

The earber studies on the velationslhup of le-
sions of coromary arteries snd therr branches
to myocardial damage were carned out withost
the kmowledge we have recently puned that
direct rheumatic wjury to mu cle cells 15 e
sential to the formation of A.choff bodies and
other myocardsal femons Thus in 1933 Rarsner
and Bayle.y (B7) wrote as follows  The wereas
g amount of muscle destructson and fbroms
mu 1 be due either 1o recurnng acute eycles of
sheumatie fever or to chronse astersal ds ence
Many cases, if the history can be depended upon
are el ryocardial Shroas
1 these ea.es can better be explamed by chrone
artenal disease than otherwise But we now
know that bath protracted and relatively short
episodes of rheumatic achivity msy often not be
evident chmeally, and furthermore, the ew
dence precented here and elsewhere (123, 126)
mndieates that sheumatie activily directly dam
ages muscle cells 1 the heart Nevertheless as
has Jong been recogmzed (4%, 94, 153, 174) np-
preciable narrowing of the humina of coronary
arienes or thesr myocardial branches whetber
caused by proliferated intimal elements throm
bosw, or by the two combmed very probably
interferes mth myocardial nutnuon, and sich
vascular levons of small vessels may well lead
fo mucro-mfatets as Kreld (84) and Homberg
(153 Tong ago and others (49, 87, 174) bave sug
gested
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XIII Reecasuric Disease of CArpac VALves
AMD CiorpAE TENDINEAE AND RELATION oF
Drroranry or Teese StRucrures 70 Myo-
carpuar Foeriovw anp FarLure
‘The first known Mustration of mitral tenosis

13 found m Vieussens clasic treatise on heart

diesse published n 1715 (18%-a) In ths

{reatie Vieussens recorded obrervations made

jrom chmeal study of patients with utral sten

oas and patients with aortic stenosis and 1

sufficiency and desenibed these valvular chauges

at sutopsy It1s known that m 1788-89 Prtcairn

(141) and Jenner (84) recogmzed from chmeal
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posit on mflamed valve surfaces To Ziegler
verrucae represented thrombo-endocarditis
Bulloch (25-2) and Coombs (39) observed
that the earliest rtheumatic change 1n the valves
occurs beneath the endothellum and deep wthin
the valvular substance and that the formation of
verrucae s of later occurrence There 15 often
mten.~ prohferation of valvular cells including
Amt.chkow myocytes and fbroblasts and
multinucleated cells may be found Infiltration
with Iymphocytes and plasna cells oceurs
S mn a fub attack of rhy
fever many polymorphonuclear leukocytes may

observation that the heart 1s not mf:
snjured in attachs of rheumatic fever Bowllaud
(21 29) and Watson (1953) m 183040 em-
phasized that attacks of rheumatic fever fre-
quently result 1 damaged eardmac valves and
pencardium Boullaud descnbed vanous <tages
of the valvnlar diease m the gros. from early

fl. ry changee d w
verrueae to marked thickening and hardeming
with deformity of valves Wat.on desenbed
h verrucae thiek and puck
of valves observed that the mtral and aortic
valves were most commonly affected and gave
a classic desenption of rheumatic fibrnous
pencarditis

With the re of the cience of bactenology 1n
the Jast quarter of the 19th century numerous
efforts were made ta identfy microarganisms
causative of theumatic fever Several ob erva-
tions were reported of bactema in valvular
lesions of rheumatie patients and growth of
various bacterns was reported n cultures made
at autopsy from valves of such patients In the
case of many of these reports it appears that
rheumatic valvulitis was confu.ed with bactenal
valvulitis (bactenat endocarditis) Tt further ap-
pears that at that tune the mmportance of
aseptic  surgical techmique m  post mortem
cultures of valves was very probably not ap-
preciated

At that time differences 1z the interpretation
of the nature of valvular verrucae developed
In 1880 and agam 1n 1896 Neumann (131 132)
23 mentioned previouly in gection I of thu
monograph stated that verrucae are formed
entirely from valvular commective tusue that

de fibrinod Marchand

(116) and Ziegler (204-a) on the other hand
eonsndered verrucae to represent thrombotie de-

be found Prol foeal and at
other times more extensive of valvular endothe-
hal cells and cells beneath the endothebum ome-
times occurs in palhsade ke arrangement These
prohferated cells are often ba.ophilic and some-
tunes multinucleated We (127 128) have pro-
duced 1 rabbits valvular lesions very closely
resembling the.e rheumatic valvular chapges
by repeated focal infections with group A
streptococes  Acellular non bactenal verrucze
appear to be secondary to probferation and
neerosis of the most superfically prohferated
valvular cells and the verrucae probably repre-
sent emall thromb: deposited on damaged pro-
hferated endocardial eells It appears that fibnn
sometimes occurs not only I verrucae but m
subendothehial stes Fibrmous and  serous’
wnflammation of valves has been di.cussed by
Bohmyg {20-8) The mportance of <erum com
ponents 1 the pathogenests of valvular disease
13 as yet unkmown

Valvular scarnng eonsequent on protracted
or tepeated ep: odes of mflammation throughout
the valve substance rather than the orgamzation
of valvular verrucae 13 now gererally beheved to
chefly account for the thickeming of the valve
leafiets and calmfication ereates further de-
formuty However fibnn and platelets repeatedly
lad down focally on roughened valve surfaces
and wearparated m the valves over long pen
ods of time 1 some subjects may partlly ac
count for valvular thickening

A review and detaled systematie study by
Gross and Friedberg (71 b) of letons of cardiac
valves i rheumatie fever may be consulted In
arother publication these imvestigators em
phasized the importance and common oceurrence
of inflammatory changes 1n valve mngs (71 a)
Lesions very closely resembling the<e have been
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produced by us (127 128) 1w rabhuts by re
peated focal misctions vtk Group A strepto
cocer Scarnng i these 1tes following protracted
or repeated rheumatie attachs s moost marked
an mutral and sortic valve rings and s par
tieutarly damaging to the patient for the follow
sng reaon The ring tissue constitutes the Funges
that connect the valves to the body of the myo-
cardwm Interference with the normal move
ment of the valves from therr bases follows
scarriog and deformity of the ning or  lunge
tissue  Vasenlamization of scarred valves and
therr nings commonly occurs srd m these ites
numerous eapllaries and larger vessels with
greatly thichened walls may be found
‘The occurrence of musele cells at the base of
and 10 vatves has been referred to m Sections VI
and VII and sllustrated 1 Figs 80-116 and
rheumatic leions of smooth mucle cells m
valves are glustrated in Figs 101 102 and £08
As 1n the case of deformuty of the valves and
therr mpgs thickempg shortemng and fusion
of chordse tendineae result from protracted
or repeated rheumatic mflammsetion of thee
structures and wnportantly contrbutes to al
teration of valvular function Bearnog of paptl
fary muscles also plays & role 1n this alteration
That valvular deformaty places an mnportant
and sometimes disebling burden on the myo-
esrdiam 18 clear In the ease of the mutral vahe
marked ob truction to the flow of blood from
left atnum to left ventricle caused by marked
or tight mitral stenous 1 often followed by over
distention of the left auticle sta=s of bleod
the atrum and pulmenary hyperten.son Sta »
of blood m the left auncle may result i de
velopment of thrombus from which emboh may
anse The burden placed on stnal muscle cells
laads to thew kypertrophy and at least con
trihutes to eventual fatigue and alterstion of
their function Marked tmcuspid stepoms fe-
sults m over-dssten won of the nght atnum and
pa.sne engorgement of the hver Aortic m
competence due to deformty of the aortic
vahe place an unportant busden on the left
ventnele and con iderable aortie wncompetence
for many year- may be s acrated with great by
pestrophn of the left sentriele The author 18
mamly m agreement with Copmbs (39) that
impury to the miral cu p 15 mot the chief
factor n the production of mitral regurzitation
i rheumatie heart dreae It to the myo-
pardial factor that we mu t looh for am ex

planation of mitral msufficiency As Coombs
further wrote post theumstie cleross of the
salves limits cardiae efficiency when st produces
1) obstruction with or without consteietion at the
auneulo ventneular opemngs, m which ca.es the
wamedtate burden 15 borne by the corre ponding
atram 2) Incompetence with or without ob
struetion at the orifice of the aortic or pulmonary
artery 1 which eaces 1t 1s the eorresponding ve
tricle that bears the burden

The fack of correlation between the degree
of mitral steno 15 and eardiac di ability bas been
di cussed an Sectron X1 of this communeation ¥
15 al o knawn a8 discusced 1n Section XI that
some persons with marked mitral steposs ean
hwe to advanced age with little or po signs of
congestive heart fatlure Other patients wth
stmilar degree or less matral stenoms on the
ather hand develop congestne heart failure 1
the 3rd decade or earher These chincal obser
vatons taken together appesr ta pont to the
great mmpartance of the conditton of the myo-
cardium 1 rheumatie heart disease The mathed
unprovement following mutral commssurotomy
of many patients with mutral stenosis may be
mterpreted to show that rebef of the ohstruction
has removed an important burden that the
myocardre cannot well tolerate

WV Somuary or Tre AuThor s CoNcErTIOY
orF e Orieiv oF Varmwus Rueoarie Le
stons Incrupivg tie 50-CauLep Ascrors
Boorrs Froxt Muscrs Crres or Tuz Heamr
axp or THe ReaTiov oF Twese Lrsiovs
0 Heart Fanuune

Qur findiags 1 the heart of rabbits that died
or were tenfieed while aick following repeated
focal nfections with group & streplocores and
w the heart of patients who ded with actine
theumatic heart ¢isea e demonstrate that the
character: tic constituents of myoeardial Aschoff
bodies ate of two types 1} mono- multt or
nonnucleated fragments of damaged mu.cle cells
(Fig 2545 70 72 74 V7 aud 80) and 2)
mmultmucleated syncytial maces of myogentc
ongmn that probferate from inmde the marco-
lemma nto tracke of dimntegrating mu cle eells
and appeat in the bepnming to represent at
tempt at regencration of heart musele cells
{Fig 10-18 52 53 57 and §0) The vanous
theumatic lesions of heart musele cefls may be
viened as Oecursing 1 2ones of a epectrum wth
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reference to reaction of the cells to rheumatic
njury as follows 1) In a zome at the left
end of the pectrum 15 necrosis of muscle cells
sometimes with no inflammatory reaction but
often with mfiltration of varyng numbers of
mfammatory cells among which are anterspersed
mono- and d myofiber frag
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sounds that are slurred muffled or of other poor
quality and by changes 1 the electrocardio-
graphic pattern But m other patrents these
lower grades of rheumatic di ea<e of heart mu
cle may not be detected by the persevenng chn
101ap on careful daily emmmatmn even with the
a1d of the elect h and £

(Figs 145 and 149) Such lestons are probably
the result of mtense rheumatic imjury The
wider the extent of ijury the more diffu.e are
the lewons Extensive le joms i this zone have
probably been most often found m chidren
who have experienced a stormy climeal eourse
with rapdly fatal outcome 2) In the next zone
18 focal necrosis of muscle cells with Jess some
times Ittle imfiltraton of mflammatory cells
but with mono esnd nonnucleated myofiber
fragments In addition there 1z prolferative
nuclear change 1 the form of an ] mul

All or various combinations of the reactions of
heart musele cells to rheumatic 1jury occur 1
one case of active rheumatic heart disease and
sometimes many of these reactions may be seen
1n one low power field (Fig 150)

It has al o been here demonstrated that m
cardiac atnal appendage rheumatie subendo~
cardial lesions generally referred to as Aschoff
bodies are of two kunds 1) Aschoff bodes that
ongmate from rheumatic damage to (strrated)
heart muscle cells (F:ws 82—86 and 8%-90) just

ib to the sub dia] zone of smooth

tinucleated myofiber fragment snd/or multr
nucleated syncytial myogeme mass that repre
sents attempt at regeneration Thus 1n this zone
are lewtons like those seen 1 Figs 50 52 54 57
59 84-89 147 157 and 160 that are generally re
ferred to as Aschoff bodies The e Jesions are
not as flond as those 1n the next zone 3) Then
there 15 a zone of focal neerosis of musele cells
often with very hitle mfiltration of inflammatory
cells but with mono- and nonnucleated myofiber
fragments and more promment than i the
Pprevious zone 1s proliferative nuclear change m
the form of multinucleated myofiber fragments
and multinucleated syneytial myogemie masses
that have d mside the it

mu cle and connective tisue In evpanding such
A choff bodies sometimes come to lie partally
1 the smooth muscle connective tssue zone 2)
Lesions generally de sgnated A choff bodies that
lie entirely 1n the subendocardial smooth mu cle

connective tissue zone and oniginate from rheu

matic damage to smooth muscle cells (Figs 94
and 97) and some of these lesions can resemble
to varying degrees Aschofl bodies that are de

nived from heart mu cle cells Finally the oe

currence 1 rheumatic heart disease of foeal
leci0ns of smooth muscle cells m heart valves
(Figs 101 102 and 108) and m myocardial
artenes (Figs> 118-120 and 123-135) 15 also here

m
attempt at regeneration of muscle Thus 1 this
zone occur flond Aschoff bodies {(Fig 2 13
27 73 52 and 159) 4) Then there may be a
zone of focal damage to mu cle cells where
although less intense 1ojury occurs the cells do
not survive but regeneration of an cccasional
¢cell may oceur §) Fially m a zone at the nght
end of the speectrum there oceurs mmpairment
of mu cle cells that results from still le s severe
myury and the cells curvive

In the ca.e of the lower grades of rheumatie
mjury to heart muscle cells subtle changes may
not be observed on study by light meroscopy
However 1n some patients when such mpar
ment 1s widespread the chiniclan may detect as
he can in the case of more severe myocardial dis
ease the over all alteration of myacardial fune
tion a3 mamfested by carduic dilatation with
con.equent widemng of the mutral valve rng
which can result 1 apieal mmmmurs by heart

and such lesions can occasionally re
semble Aschoff bodies

The vanous rheumatic changes of heart mus
cle cells mu.t be consdered collectively and
together with valvular deformities when pres
ent n explanation of altered function and
falure of the heart In mo t fatal cases of ac
tive rheumatic heart disease with little or mo
valvular deformity it appears that A.choff
bodies e pecially the flord one do not eccur
1n great enough number to account m themselves
for myocardial faslure In many of the e cases
espectally m children the oceurrence of le 1ons
of heart mu cle cells with no or Ditle prolifera
tive nuclear change (as found 1n zones 1 and 2
outlmed above} 18 a more prominent feature
than the occurrence of lesions of heart mu.cle
cells with greater prohferatne nuclear change
(as found 1n flond A choff bodies of zone 3) As
compared with the intenaitv and extent of active
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sheumatic disex.e of heart muscle necessary
to tan.e fadure of hearts without valvalar de-
formities the inten 1ty and extent of setive rhew
matie disene of heart muscle that cap pre-
cptate failure of hearts burdened with valvular
deformuties and/or damage of heart mu.cle
caused by previous mjury 1s probably con
«derably less In the latter cases where the
heart 33 burdened by evere valvular deformity
the less severe myorardial changes found m le-
«0oms 10 zones 4 and § if mdespread ma3y pre-
cpitate {ashure of the beart Although they may
not be as unportant to altered function and
farure of the myocardum s the other rbeu
matic lestons of heart muscle cells taken to-
gether  Aschoff bodies 2 themselves are m
portant and upequmocal evidence of netive
theursatic heart dieae Furthermore our find
mge bete lustrated taken togetber with find
mgs of others (28 41 96 102 105 118 180)
make 1t plain that the occurrence of active spe-
erfic theumatic lestous of mu.cle cells found w2
biopsied strial appendage &t the tune of surgery
of rheumatic hearts mgmfies the great hleh
hood of active rheumatic disease of ventricular
heart muscle cells

Ertrocue

Knawledge of bow the beart resets 1o m
Jury i rheumatic heart dieaze 13 important to
understanding of how the heart 1s mjured wm

GEORGE £ MURPHY

stucied by lun were 1 the great majonty of
cases refersble to ventneular dilstation and ats
corolisry mutral meompetence” He further
stated Ttius I thh strammg at & gnat and
“wallowsng a camel to <uppose that tiny pihesd
granulations on the valves are responable for
mitral msufficsency and to ignere the very
con.iderable <tretehung of the rosteal sing  After
many years of wmtenave chmeal apd lustopath
ologme study of rheumatic heart dieze be em
phasized 12 1924 that sctive rheumatic alteration
of heart mu.cle 15 the very probable cause of
cardize dilstation and faslure 1 children with
theumatie heart dies.e and may be of grest
importance to cardie falure m aduils with ths
drease Vet m fatal cases the ondy changes that
he observed m heart wmu.cle cells were cloudy
swellng in  very acute ca.es that was pever
1ery ntene  and occamonsl fomr of sty
metamorpbosta 1 ome cases With respect to
this duerepaney he commented as follows
The.e are tnfling changes but so are those
found 1 most forms of myocardial fature This
& bE{Weeﬂ fi \] Md
apparent anafomuc tategrity 15 due 1o the
adequscy of lustolome methods It 19 to be
hoped that someone wll find & way of demon
strating clearly finer alterations within the cells
of the sardiae mnscle Coombs regarded the
charactenstic rhenmatic  submblary nodules
1 the m)ocardum as non myogenie Je.ons of
} tissue

this disease and essential to uad diog of
the natural history of the dizease In 1898 Lees
snd Poynton reported their demonstration of the

In 1933 Sir Thomas Lewis wrote concerming
chronie rheumatic beart disease sa follows
G 15 the ysual mn cases of

common of cardine ¢l often
marked apd nswally trapsient m prmsry and
repeated sttachs of rheumstic heart dies.e
1 children and young aduits Poyntorm com

mented on the dicrepancy between marked
cardiae diiatation and slight morpholope alters

tions observed microseopreally m the myecar

dium m fatal ex.es with or without apprecable
yalvatar changes These myocardil alterstions
compn.ng occatonal fors of fatty change
heart mu.cle fibers and  foes of vellular etuds

non between the miuscdle fibers  be deemed 12

adequate to account for the cardic dilatation
e wss of the opimon however that not ouly
10 sholdren but mn adults a9 well setive rheuma

tom ogunng the heart muscle 13 probably of
great umportsnce to cardue fatture

n 1907 Coombs reported that the signs of
heart dieeaze 10 the many theumatic children

rheamatse heart diease Falure 13 due m part
to the unusual burdens of work that the beart
bas to bear such as salve defects of vamous
kmds and ometmes strong adhestons for these
deplete reserves But the ehoef factor peverthe-
less must be wherent w the mu.cie itsell for
faslure ean peeur wthout the wereased burden
And yet muscle that has failed caanot at present
be 4 hetolomesth or hioch 15

There i terea e of the intershinal Sbrovs tssue
a hittle strophy bere and there a Ditle fatty
change for the mo-t pary the fbess seem sound
snd the muscle presents za more chaoge thaz
often found 1 bearts that have not fajed The
ehange sn the quahty of the muscle 18 more sube
tfe and frequently 1t 13 brought about by some
recent mfection from which the patient has suf
fered Dot only a vheumatie mfechion but wnfec
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hons of other types endanger of termunate the
hves of those who are near to congestion or a¢
tually display 1t

The sbove passage was writen when the
concept that rheumatic myocardial lesions are es-
sentially non myogeme reactions of connective
tissue was approaching culmination This pas
gage 15 al.o found 1n the fourth and last edition
of Lewis book Diseases of the Heert publhihed
m 1946 when rheumatic fever was becomng
widely known as 2 collagen diseae or disea.e
of connective tissue  Then aspow the essential
myolvement. of mu cle cells 1n eharactenstic and

other rk lesions of the dlum was
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Ascuors, L Zur Myocnrdmsfrage ‘Verhandl
deutsch pait Ges 8 20 45

Ascrorr L A dis cusmn on gome aspects of
heart block Bnt Med J 211103 1906

Ascrorr L e rheumatic nodule‘; 1 the

ERC

Ascuorr L and Tawara 5§ Die heubige
Lebre von den ﬁnthologuche-matomuchen
Grundlagen der Herzschwache Jena Guetav
Fischer 1

Baerr G humerrer P, avp Scammy A
Acute febrile anemia and throz mbo«:{l&};emc
purpura with diffuse platelet thromboses of
capillanies and artenioles Tr Asse Am
Physn 51 43 1936

Buceevstoss A H  Rheumatic disease of the
heart Pathology of the Heart ed 8 E
Gould  Ist edmaxlx9 Charles C Thomas

<

o

little recognized and then as now the relation
of these myocardial lesions very widely thought
10 be connectne tissue leswons to the sltered
funetion and falure of the myocardium m rheu

matic heart dLea.e was generally poorly under

stood

Evidence bere presented and illustrated dem

onstrates the ongin of rheumatic myocardial
lesions including the so-called A choff bodies
from heart muscle cells themselves and the
ongm of certam other rheumatic cardiac lestons
from smooth muscle cells If active rheumatic
di.ease of heart mu.cle cells can cause failure of
children g hearts without the burden of valvular
deformuty then 1t 1s likely that active rheumatic
disea_e of heart mu.cle cells can cause fallure of
adult hearts e pecially tho e burdened with
valvular deformuty and with myocardium dam

aged by previous attacks Denved from expen

ment and histopathologic study findings here
presented and viewed 1n relation to chinmeal ob-
servations provide strong evidence of the very
mportant eatative relation of th: disease

9 BAGGENSTOSS A H axp Swemiz O Rbeu
matic disease of the heart Pathology of the
Heart ed 8 E Gould 2nd edmnn Sprmg
field Charles C Thomas p 654 1

B.m.n C P nu um\ }I E Cntenn for

ry for mitral stenosig
Part II New York Sute J Med 56 825

1956
n BAm C., Beock R C Cawrszzr M anp
Woon P \alvotomy for mitral stenoms
a further report on 100 cases Brit Med J,
lx 1043 1952
Baxer C axp Havcock W B Detenioration
aherzsrmtm] valvotomy Bnt Heart J.
1

3

&

&

Bearo P A Bowsveer P L Dmow D C
Powens G F.avp Trask J D Strepto-
coccoms  and “streptococeic fever Am J
Dis Chxld 62 431 1941

14 Bevverr G A Pathology of connective tis-
me ﬁbrmmd degeneration_ 1 Connective

s Mew York Jomah Macy Jr Foun
dation p 5z

By C G Bavc: P A Discrepancies
between subjectlve and objective re<ponses
to mitral commssurotomy New Engl J
Med 253; 887 1935

Besvier E_ Article on. Rheumatism  Die
tl;onmm Encylopﬂed des Beiences Méd

ans p 155 1
AD We M Lﬂ maladie

-
&

3

of heart muscle cells to altered function and fail
ure of the heart m acute and chrome rheumatic
heart disease 1 children and adults

Finally 1t appears that results in part here
dlustrated of repeated focal infections with
group A streptococe: 1n rabbits contmbute to
understanding of how rheumatsc heart disea.e 13
cau.ed The<e expenments are being contimued
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INTROBLCTION TO HLLUSTRATIONS

The photolithographs that follow provide esidence of the ongin of
Aschoff bodres and other lesions from muscle cells in rheumatie heart duscase
This evidence stems from the expenmental mduction of myocardial lesions
closely resembling those of human rheumatsc heart disease, i a small pro
portion of many rabbits of random stock that were repeatedly mfected
focally with group A streptococer of different serological types The results
of these experiments proside evidence that Aschoff bodies and other
myocarchal lestons in human rheumatic heart dwease develop in response
to repeated focal mfectrons with group A streptacocer even though these
lestons develop i only a small proportion of the many n the random
pepulation <o nfected Detasled mucroscopie study of the expertmentalh
mduced myocardial Jewons resulted in the fimding that these lesions are
denved from injury to heart muscle cells This experimental msestigation
fed to extensve direct evidence of the origm of Aschoff bodies wnd other
myocarchal Jesions from heart muscle cells in human rheumatic heart
disease These latter findings have resulted from detailed nucroscopre studs
of the heart of over 90 patrents who died with actne rheumauc heart
disease and from study of the left atrial appendage removed from aver
H00 other patients at the time of mutral commussurotomy  and the evidence
so obtamned and here Mlustrated 15w contrast with the widely accepted
theory that these are pumardy and e.entally lesons of collagen and/or
other components of conmective tisue Furthermore studs of myocardial
artertes and atrial appendages led to the finding of the ongin of certamn
rheumatic lesions from smooth muscle cell and e f these latter Jestons
can as here illustrated resemble Aschefi b e bt oare derned from
{striated) heart muscle celils Ako Muuned 1 1h wen f smeoth
muscle and stnated muscle m vahes £k out werurr ¥ fir £ photo
graphic evsdence of the close terndb u + ty «n A hott bahic n man
and experimentally induced 1 wiald o omaatbt

The photomicrographs were th n t ndrev H ittt Jrind the
author on Kodachrome tvpe F 30 mn 1um

The lthograplu reproducttons w t 1 tdem f e Lv b rhe Hallmark
Colormaster L n teal process without hind ret i1 hia ¢ 1t etchng To
attaan color fid Lt and sharpness of frtul Wl color exrrectian has beest
achieved phot m  hanically .
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INTRODUCTION TO ILLUSTRATIONS

The photolithographs that follow proside evidence of the ongm of
Aschoff bodtes and other lesions from muscle cells 1 rheumatic heart disease
This evidence stems from the expersmental induction of myocardial lestons
closely resembling those of human rheumatic heart disease w a small pro
portion of many rabbits of random stock that were repeatedly infected
focally with group A strep of diff logreal types The results
of these expenments proside ewidence that Aschoff bodies and other
mocardial lestons in human rheumatic heart disease develop m responsc
to repeated focal infections with group A streptacocer even though these
lestons develop in only a small proportion of the mans in the random
population so wnfected Detaled microscopre study of the experimentally
induced myocardial lesions resulted 1n the finding that these lesions are
dernved from injury to heart muscle cells This expenimental investtgation
led to extensive direct evidence of the origin of Aschoff bodies and other
myacardsal lesions from heart muscle cells 1 human rheumatic heart
disease These Jatter frndings hase resulted from detatled microscopic study
of the heart of over 90 patents who died with active rheumatic heart
discase and from study of the left atrral appendage removed from over
100 other patients at the time of mutral commussurotomy and the evidence
so obtained and here illustrated 1s 1n contrast with the widely accepted
theory that these are primanly and essentialiy lesions of collagen and/or
other components of connectise tissue Furthermore study of myocarchal
artertes and atrial appendages led to the finding of the origin of certain
rheumatic lesions from smooth muscle cells and some of these latter Jesions
can as here lustrated resemble Aschoff bodies that are demyed from
(striated) heart muscle cells Also illustrated is the occurrence of smoath
muscle and striated muscle m valves of the heart Submutted firsy 15 photo

graphic evidence of the close resemblance between Aschoff bodyes m man
Ity mduced ardial lestons m rabbtg

and exper

The photomicrographs were taken by Andrew H Ligtepy Jr and the
author on hodachrome type F 35 mm film
The Ithographic reproductions were made in four colors by the Haflmark
Colorm wster Control process without hand retouching or dop etching To
attamn ¢ olor fidehty and sharpness of d tail all color correction has been
achieve 1 photomcchamcall)
o
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GEORGE E MURPHY

EXPLANATION OF PLATES

Fig 1 From the left ventnicle of rabbit 80 63 sacnficed while guite sick 12 days alter onset
of the secand focal cutaneous mfection with group A streptococer  Although repeated blood cultures
were negatne this animal recesved large amounts of penicilhin sntramuseutarly from the 5th to Hieh
day following the Inst snfection m an attempt to enhance chance for recovery

Two forad myotardial lesions closely resembling the human Aschoff bodies 10 Fig 7 Hema
toxyhn and eosm X 322

Fig 2 From the left < entriele of a 20 year old man who died during the third recognized attas k
of rheumatic fever {autopsy 12278 New York Hospital)
Tuo Ascholf bodses m myccardium  Hemataxylin and epnn X 200

Fig 3 From the left ventrcle of the rabbit seferred to 10 Fig 1
Focal myocardial lesions resembling the buman lesions in Fig 2 Hematoxyln and vosin % 200

Fig 4 From the left sentncle of 2 7 year old firl who died during an atsack of acwie theu
matie fe er (autopsy 37034 Bellevue Hospitaf)

Aschoff body very near a smajt myocardisl artery  Note close resemblance to the rabbst Jesion
wm Frg 5 Gremsa X 200

Fig 3 From the interventrscular septum of rsbbit 70 55 that died 8 days after the fast of
8 focal cutancous fections with group A streptocoect

Myocardial Jesion closely resembling the humar Aschoff bady m Fig 4 very hear a myocardual
artery Moasson tnchrome X 900

Fig 6 From the same block of ussue of the patsent referred 10 i Fig 2
Aschoff body 1n myocardm  Hematoxshn and eosin X 200

Frg 7 From the Jeft sentricle of the rabbut referred 3000 Figs 1 and 3

Ayocardsal leston  Note the marked sumilanity between this Jesion and the human leson i
Fig 8 with respect 10 the mulunucleatcd mass in the Jower partion of each lenon and the myoliber
fragment extending upwards from st Hematoxyln and coun X 322

Fig & From the feft venricle of 2 17 year old gt wha died duning the last of severat attacks
of theumatic fever {autopsy 179 Ro kefeller Institute Hospatal

Aschoff body tn myocardium  INote the marked sunilassty hetween this humsn lesion and the
rabbit Jesion an F5g 7 wath respect (0 the mulnnucleated mass an the Jowsr portion of each lesion
and the myofiber fragment extending upwards from 1t Hematoxyhn and eoun X 322

Fig 3 From the Jelt sentncdde of rabbu 85 90 that died 31 days alter the dast of 3 forad
cutaneous wfectians with group A& steptococst Two myocardial lenons Note the resemblance of
the npper Jessan to the human Aschoff body e Fig & alio note the basophila of in ny cells 1
both of the rabbit lesiony  (Rasophibia of ndssidual heart sruscle cells esident an several figures in
che tast plate of photagraphs ) Hematoxyhn and cann X 327



CLOSE RESEMBLANCE BETWEEN ASCHOFF BODIES IN MAN
AND EXPERIMENTALLY INDUCED MYOCARDIAL LESIONS IN RABBITS

[ x Zaslie- el dasarte Achg i Z e N TWETITNRS T
“._(n\v s \\m g el wunvim m,.r Pcv/.. ‘._ ﬂ.urﬂm a:.% V«’Nw
- - 2 By b Sl -~
(A0S \...u?ﬁ\r \n\\..n““\...r: 3, b N ﬂ..,.wr../:._.w, 4?_?(,. L.
7l . Y i
M“x‘ﬁ ~5\«\.\“\\ nw‘w H N‘vuwm‘\-uu ,_..Mbt. PRYOAY u.xr.J g ”«.... v
2 T e Pl . - ﬁ?..\\&n '] “« + ) 4‘..- t./ ) 3
™ RN ) ué‘ . 2.4‘1,:& H
T\\ .\U\.ﬂr\‘ ..hy/\t.v@-- \“-\N\. \Mu Y ESREGY AN R .uo R1dH
S Z AN AN o w1 ALY <
RN - AT TN RO s

AT Y N A - T T .t
mm e ﬂ“lnkm“\l... L At T .ﬁrm.rw.a. VI

TR TN By DN
FElanasZa RN ﬁw‘aﬁﬁ Ny
NN N RN
N N T T B R A N A

N /,2 ¢
:/

A
Q
W X 54?—.M\vnwvf s

Lt
R
~l., J&A—,«M &H
i

.- MR
SRR IS R R ER R AN
i .@%&‘lma S \ o

N
2\
p 1 5

< w e
W W S dsanl SeSaisae:
’

PR s i

X
AN <
Wy

L
N TN T YA T A B AN N TR Tev (3
/IW/ VU#-“ZMJCI;WJ/ WIJ m~g.m& i ‘ R =T v, O
S R M ~y

P R T N N o
llllp LY vw_ i’-”l At ﬁ u(!v@w_rmm
g *
i

CARTR e
X uvl.




GrOFGE B MURPHY

. ?g{ l: me!lhe teft ;:r;mcle ;[ :} 12 year old girt who died 2 years after the kst recognized

attack of rheumatic fever and | month after onset of an upper respirat

B o ppe piratory micction (autapse 12473
Early disimtegration of a small hundle of myofibers between larger bundles Hematoxy' n and

eosn X 200

Fsg 70 From the left ventricle of the pauent referred to sn Figs 2 and 6
Disintegration of a bundle of myofibers between larger bundles Hematreyhn and eose X 00

Fig "I From the patient xefereed to m Frge 2 6 and 20
Fwo smalt bundles of myofibers between farver bundles Hematoxyhn and eosn > 200

Fig 22 From the | it ventricle of a 12 year old boy who died about & weeks after the begin
mung of the hith recognived attack of chewmatie fever (autepsy 9600 New York Hospitaly
A bundle of myofibers between larger bundles Hematoxyln and eomn  # 200

Fig 28 Frori the left ventrt le of the panent referred 10 1n Figs 2 & 20 and 21 Alteration
of a bundie of wayofibers between lacger bundles

Thus alteration further advanced than that in Figs 18 20 and 71 iy recogmzable as an As hoff
body and the pink stamung sarcoplasmi masses might be mussnterpreted ay altered collagen Hema
toxvin and eosin X 200

Fig 24 From the left ventricle of the patent referred to an Figs 7 b 70 71 and "1
Disintegranng bundles of myofibers between Jarger bundles Hematoxylin and eosn X 3%

Fig 75 From the left ventucle of a 17 year old female who died dunng the fourth knewn
attack of shrumatic fever (antopsy 9600 New York Hosmeal)

In the lower portion of the pictur 15 a bundle of myofibers the Ieft portion of which 1 evolving
into an Aschoff body This bundle 1s between larger bundl s In the nght upper portion 1s an
Aschoff body very probably derned from a muscl bundie situated very much hke the bundle i
Fig 22 with respect 1o rontiguous muscle  Hematowhn and ecsin 0

Tig 26 From the left veatnele of 2 60 year old woran who died 30 years after the anly
recogmzed attack of rheumane fever and 0 years after the beginming of many epusades of congestive
heart faslute antopsy 15540 New Yort Hosptal)

A bundie of myshibers between larger bundles Disntegranon of a portion of the central burdie
with a mulunucleated structure  Many further developed and charactensne Aschoff bodses through
out the myocardsum were found Hematoxybn and eonn X 5t

From the left sentricle of the patsent referred to 1 Figs 2 6 20 21 23 and 24
ndles  This detintegration that has
{ematoxylin

Fig 27
i integration of 2 bundle of myofibers between larger bus
proceeded fs:ther than that i Figs 20 21 and 2} is recognuzable a8 an Asvhoff body 1

and eosin X 322



ORIGIN OF ASCHOFF BODIES FROM HEART MUSCLE FIBERS
IN SMALL BUNDLES BETWEEN LARGER ONES
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GEORGE E MURPHY

X:‘:g 2LB From the feft vgmncle of a 25 yeas old girl who died 19 years after a protracted attack

with sub podules 5 months after development of bilateral ank}

edersa and 1 week 1o 10 days after anset of marked dyspnea associated with Y

wnfection (autopsy 17823 New York Hosprtal) R AT uep £ respiatery

Heart muscle fiber with three nuclear massey and a small area of nterropted mvofibnls yust

below the upper nucleus Many Aschoff bodies were found thraughout the myocardsum  Hema
toxylin and eosin X 500

Fig 23 From the left ventncle of the heart referred to sn Fig 28

The myofibes 10 the center shows multiple nueler 1 the upper portion and mrulbiple nucle s
the lower portion Probable fragmentation of the myofiber just belaw the upper graup af o1
Hematoxyhin and ensm X 500

Fig 30 From the left ventncle of 2 12 year old gur! who died after several attacks of they
matse fever in the previous 5 years and about 3 weeks after the onset of an upper respiratory fection
fautopsy 9208 New Yosk Hospital)

A heart muscle fiber has spht nto 4 fragments with multiple nucler m eack fragment  This is
a stage of fragmentation later than the one seen wm Fig 29 Hematoxylin and eosin X 540

Fig 31 From the Jeft ventncle of a 23 year old girl who died after 4 recogmzed anacks of
theumatic fever 2% years after onser of progresstve cosgestsve heart falure and 36 months after
the wsertion of a plastic valve i the aorta for acruc msufficiency {(autopsy 16211 New York
Hospital)

Fragmentation of a myofiber is obvous and the fragments are fusther apart than these s Fig 30
Many Aschoff bodies were found n the heart Hematoxyln and eoun X 508

Fig 32 From the feft ventrice of the patient sefersed to 1n Fig 18

Fragmentatior of a myofiber trikingly sumlar fo that i Fig 31 wath the multinucleated fr g
ments about the same distance apart as in Fig 31 Connective tissue nonnal n appearance  Thiy
Tesion 15 18 the center of a lasge Aschoff bady derwed from a bundle of myafibers between larger
bundles of myafibers  Masson tnchrome X 500

Fig 33 From the intersentpeular septum of a 13 year ald gl who died about 6 weeka after
onset of an upper resprratory wfection and about 3 weeks after recogmtion of active shewmatsc
feart disease {autapsy 716 Rockefelfer Insutute Hospital}

Lining up of myofiber fragments some with one nucleus
with no nucles strkingly Gke the linng up of fragments m
picture represents most of an Aschoff body dert ed from a buss
bundles of myofibers The connective tissue appears normal

some with multipls nucle: and some
3 row seen an Fag 30 abme This
die of myofibess lying hetween larger
Masson tnchrome X 500

From the left ventncle of the paucnt referred to 3 Fig 31 sbove Sphung of 2

4
e ents cach with multipte nucles and shghtly basophihic sarcoplasm  Hema
201

myofiber mta 3 fragu
toxylin and cosum X

Fig 35 Higher magntfication of the fragment in the lower portion of Fig 34
Note large number of nucles o fragment Hematoxyhin and eomn ¥ 500

ent referred to in Figs 8 and 16

T the Jeft ventricle of the paty
B e ke I Eosin and methylene blue

X 500
Basophtlic myofiber fragment contaimng aver 30 nucler E



SPLITTING OF HEART MUSCLE FIBERS INTO FRAGMENTS
SOME MULTINUCLEATED IN RHEUMATIC HEART DISEASE
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GEORGE E MURPHY

Fig 37 TFrom the snterventricular septum of the patient referred to m Fig 33
Myofiber very elose to a small my dial blood vessel H and cosn X 372

Fig 38 From the left ventncle of the patient refesred ta sn Fig 26
Myofiber wath 2 nucter very close 1o 2 small myecardial blood vessel  Masson trichrome X 648

Fig 39 From the left entricle of the heart referced to 1n Fig 30
Multinucleated myofiber very close to a small myocardial blood vessel Hematoxyln and eonn
X 798

Fig 40 From the feft ventricle of the panent referred to 1 Figs 8 16 and 36
Basophihe multinucleated myofsber wery near 2 myocardial blood vessel Eosin and methylene
blue X 500

Fig 41  From the left ventricle of the patient referred to 1n Figs 8 16 36 and 40

Two basophibic and multinucleated portions of a myofiber stang hike a hammock atound 3
small myocardial blood vessel By focusing with the microscope one can just sec connection between
these two fragments Eosin and methylene blue X {250

Fig 42 From the left ventuicle of the panent referred to i Fig ¢
Shghtly basophulic multiucleated myofiber fragment clote to 3 myocardial bload sessel  Hema
toxyhn and eown X 680

Fag 43 From the Jeft ventricle of the heart referred o an Fig 15
Freth spl tting of a myolber to 2 multnucleated basophelic fragments vy near a eapilary
between farge bundles of myofibers Hematoxyhin and comn X 500

Fig 4% From the left entncle of a3 10 year old boy who died after 3 mv ths of recognized
actne theumatsc heart dusease (autopsy 325 Rockefeller Institute Hospital) "
Myofither 1n mtumate relationstup to 2 small myocardial blood vessel Wegert heyantoxyt

Fig 45  From the left ventricle of the patent referred 1o yn Figs 26 and 38
d sery probsbly

Myocardial feston m mpmate assocsation with a myacardiat blood wessel and 0 Piaseon
representing fragmentation of a myofiber such as that sery close to a blood sessel in Fig
500

trschrome X
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GRORGE £ MURPHY

5 §;g 55 From the left ventricle of the heart teferred to 10 Fxgs 2 6 20 21 93 24 27 56
an

Aschoff body denved from a bundle of myofibers between larger bundles Note the ghost hike
semnanss of myofibers that represent myofiber disintegration Further advanced than that seen m
the same patent m Figs 20 21 and 24 Note alio the shghtly basophilsc portion of a myohiber
haft near the right lower portion of this figure and bke that m the rabint myocardial leston an Fig 7
and that 1n the human leson 1 Fig § a0d note the annular arrangement of nucler at the 10p
central portion that clasely resembles the rabbi skefetal muscle lenion in Fig 56 and the human
rryocardsal Jesions i Figs 5¢ and 61 (same pateent) and Fig

Thus sllustrates as do Figs 1927 how so-called intersunal Aschoff hodies anse from bundles
of myofibers between large bundles Hematoxyln and eomn X 322

Fig 56 From skeletal muscle of rabbit 82 45 that was sacmficed sfter marked weight foss
and whie quite nck 8 weeks after the last of 3 Focal wfections with group A streptocacc

Interstnat valvulite tiny {microscaptc) verrucae on mitral valve acute prolferau £ change
m chordae tendmeae and fresh focal myocerdial lesons were evident Skefetal muscls feson
occurnng entirefy within the sarcolemma of & myofiber and showing annular arrangement of myo-
geme nutler around a i Note close 1b) to the other annular fesiony
5 figures i thus plate No connective tissue reactson present  Hematoxyln and cosin 05

Fig 57  From the same patent refesred toan Figs 2 6 20 21 23 24 27 50 54 and 55

A uny Aschoff body stokingly Ike the rabbut skeletal muscle lemons 1 Fige 56 and 38 and
the human myocardhal lenions 1 Figs 59 and 61 Note the sunular arrangement of nw In around
& d Such a 3 mass ¢ often de t b swolles
collagen  Hemataxyln and eosn X S0

Fig 58 From skeletal rauscle of rabbit 86 38 that died many months after the shird focal
snfection with group A streptococer

Changes wathin skeletal muscle cells hike that m Fiz 56 with myogenic nucles  nang and
around p wateriak  Hi yhn and eosin X §22

Fig 59 From the Jeft ventncle of the patent referred 1o n Figs 4 42 and 52

Foral myocardial feston with annufar arrangement of myogenic uclet around a sa oplasmic
may bke that i Figs 56 57 58 and 61 The sarcoplasmsc core of this hittle lenon mght be
mustaken for altered coltagen  The figure here dlustrated 19 2 further cut of the lesion Hustrated
ta Frg 52 and Fag 52 Mustrates even more €leardv the sarcoplasme fragment wish the mult nucleated
syncytial structure surrounding it Hematoxylin and eonn ¥ 798

Fig 60 From the left ventnicle of the patient refesred to 3n Figs 2 6 20 21 23 2¢ 77 50
54 55 and 57

Tiny foeal } lesion shawing of pl fike that n Figs 5 and 5}
{tame patient) This hutle lesion denved from muscle would be referred 1o by some a3 tm;
cell coronal Aschoff body and the sarcoplasmuc core of such a lesson i meorreetly ansers reted by
many as a swollen mass of collagen  Elematowyhn and eosin X 500

Fig 61 From the left ventricte of the patient refeseed to 1 Fugs 2 6 20 21 23 24 77 30
54 55 57 and 60 o5
Annular assangemen? of putles at the penphery of a yarcoplasmic mass like that i Pigs 5.
00

‘Hematoxyhn and eosin X

Tig 62 From skeletal muscle of the rablnt yeferred to in Fig 58
Annular arcangement of myogeme nueler within & sarcoplasmue mass  Note the siriking yesem
Plance to the human myocarcual fesion in Fig 63 Hematoxyhn and eosm X 500

3 From the left ventncle of the patient referred 1o Fags 2 6 20 28 23 24 7 50

s &0 and 61
54 55 57 an . s
f myogensc nucler withn 2 aarcoplasmic masm in the smyocar
thy f.\:{’.‘;';”.:f.';ﬁﬁ;";"';: lhcylzbbtt skeletal muscle lesson 1 Fig 62 Hematoxyhin and  csa
3
Loty

Note



ANNULAR PROLIFERATION OF MYOGENIC NUCLEI AROUND AND IN SARCOPLASM
IN RHEUMATIC MYOCARDIAL LESIONS AND SKELETAL MUSCLE
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GEDRGE E, MURFHY

¥ig 64 From the skeletal rouscle of 2 20 year ofd gl who died after several attacks of thew
manic fever 5 years after onset of progressive congesuve heart fnlure and 11 days after mitral
commssurotomy {autopsy 16320 New York Hosprtal)
Aschoff bodies were found m the myocardm  The skeletal mutcle lestan shown here comprses
he f of ! and nuclet Giemsa X 500

Fig 65  From skeletal musele of the rablut reforred to 1» Fig 36

Skeletal muscle fenon showing dumtegration of sarcoplasm and very nuwmerous myogemic aucles
within a sarcoplastuc mass  Note normal appearance of connectise tissue znd the stnking resem
blance of this lesion to the human myocardial lesior wn Frg 68 Hematoxyhs and eosn X 500

Fig 66 From the left ventncle of the sabbit referred 1o Figs 1 3 7 10 11 12 17 and 59
Multinucleated basoplubic myogemsc raass strikingly resembling the human myocardual ane 1
Fig 69 Hemotoxyhn and coun X 500

Fig 67 From skeletal muscle of the rabbit referred to i Figs 58 and 62
Mulunucleated sarcoplasmie masses Note normal sppearance of the connect ¢ ussue  Hema
toxyhn and eonn X 580

Fig 68 From the lefs ventncle of the patient referred to i Fign 26 and 33
s 2! b mass strfangly ke the rabbut skeletal muscle Jeson 3

Fig 63 Hematoxyhr and eown X 798

Fig 69 From the left ventricle of the patient referred 10 1 Figs 31 3¢ and 33
Multnucleated basophiic myogeme mass strkingly Lle the rabbit one m Fig 66 Hematosyln
and eosn X 500

Fig 70 From the left ventncle of the patient referred to n Figs 44 and 48

Myofsber fragment the upper one with many nucles Note resemblance to th muhmudcne)d
fragments m Fsge 38 39 40 and 43 and note the relanonship to contiguout my fbers urhngly
ke that of the myofiber in the central Jower pornon m Fig 71 to connguous myof bors  Werger
hermatoxylin X 36¢

Fig 71 From the left ventricle of the panent referred to 1n Figs 44 48 and 0 o

Myofibers Iying between large bundles of myafibers Note relananstup of the a gofiber m l‘m
central lower partion to contiguous fyofibers § ke that m Fig 70 Phosphotungstic aad hematoxy!
322

Tog 72 From the left ventricle of the patient referred 10 n Figs § 16 36 40 ‘:nd 4; S
A dimntegrating myofiber wnth multsple nucler 1 the upper porbon lymg between large bul
of mycfibers g;lm:gthc empty portion of the myofiber track hke that m the lower :z\r}x}lr:l g(or;b'g‘
m Fig 7t also note alteration of myofibers above the ceneeal ane  Eoun and methyiene
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GEDRGF ® MURPHY

Fig 73 From the Jeft ventncle of the patient referred to Figs 26 38 45 and 68

Ascnoff body i myocardwm The sdentical section restaned with Weigest van Gieson tech
nique 3t Fig 76 befow and then restained with Mawon trchtome 1 Fig 79 belaw shows the normaf
appearance of the connecuve tissae sn this Aschoff body Hematowhn and eosn X 322

Fig /4 From the left vestacle of am 8 year old gued who died about 5% weeks after Fecogninon
of ans*t of the fsest reengmazed attack of rheumanc fever (autapsy 8697 New York Hospital}

Aschoff body denved from mynfibers lying hetween lacge bundles of myofibers  Note the normat
appearance of the connectsve hssur and the bmng up of nucleated znd 20n nucleated myofiber
fragments 1 2 row hke that 2 Figs 293¢ 77 and 80 This Jesiob and those « Figs 77 and 80
dlusteate the point broucht out i Fige 1927 that intersutial  Aschoff badses a2 densed from
heart muscle cells lying amang or between large bundles of myofibers Masson tnchrome X 400

Fig 75 From the left veoincle of 2 17 month ofd boy who died about 7 days after eom
plateng of pata n the tight ankle (autopsy 6652 Mount Sinay Hosprtal New York)

Many Aschofl bodies were found throughont the myocardum  Aschoff body very near a myo
cardial grteey The tdericcal section stamed with Wergest van Gieton tn Fig 78 ummedsately below
shows the normal appearance of the connectns hissue n tha § son  Hematoxvhia wnd eonn X 3 °

Fig +§  Wesgest van Gieson stan of the sdentical section showt m Fig 73 and ilustrating the
norma) appearance of the connective tissue withimn the Axchoff body > 322

Fig 77 From the left venincle of the patient referred 1o 1n Figs 44 48 70 and 71

Aschoff body derived from heart muscle cells amang bundles of myofibers “\ote rormal appear
ance of connectve tusue n the lesion and the Iing up of nucleated and non wcleated myaliber
fragments m a row kke that 1 Fige 29 %4 Tt il trates the point brought out w Figs 2]
and 74 that tnterstitial  Aschoff bodies are Sersved from heart muscle celly Iy 2mong or between
bundles of myofibers Masson tnchrome X 500

Fig I8  Weogert van Cisson statn of the sdenpizal section shown in Fog 3 and sllustrating
the normal appearance of the sonnectve hswe within the Aschoff body that 3 ey close & :
Fegs 4745} X 32

myocasdsal artery {Closeness of heart muscle fibers to vessels s« ustrated n
Fig 79 Masson tnchrome stain of the tdenticel stenion shown m Fips 19 and TG,;nd stlus
trating the normal appearance of the conmectine tusue within the Aschoff body X 3

Fig 80 Aschoff beddy detived from a bundle of heart mucle cells Iing between la:ig:, h\mvf::’
Fragmentation of the myofibers and hrung up 1 a row of rucleated and pon nucl  tre ::f:e e
ke that seert 1 Figs 74 and 77 and sm Frgs 2034 Date the deheate and normal appeas
the connective tusue in the Aschoff body Vesgert van Gieson X 250

Fig BI  Hemacoxylin and conn stam of the sdents of section of the Aschoff budy shown i
322

Fig 80 X
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Fig 73 From the left ventncle of the patient referred to tn Figs 26 38 45 and 68

Aschoff body sn myocardium  The dentical secvon restamed with Wegert van Gieson teeh
mque m Fig 76 below and then restamed with Masson tnchrome 1n Frg 79 befow shows the sormal
appearance of the cannective tissue sn this Aschoff body Hematoxylin and coun X 322

Fig 7+ From the left ventrice of an 8 year old gyt who died about 5% weeks alter recogmuion
of onset of the first recogmzed atiack of rheumatic fever (autopsy 8627 New York Hospital)

Aschoff body dersved from myofibers lying batween large bundles of myofibers  Note the normat
appearance of the connective tusve angd the hmng vp of nucleated and non nucleated myofther
fragments m 2 vow lke that i Figs 2934 77 and 80 This Jeson and those s Fags 77 and BO
aHlustrate the pomt brought out mn Figs 19 27 that tenstinal  Aschoff bodies are denved from
heart muscle cells lymg among or between large bundles of myofibers Masson trschrome X 400

Fsg 75  From the left ventncle of 2 17 month old boy who died about 27 days after com
plaining of pan in the nght ankle (autopsy 6852 Mount Simas Hospital New York)

Many Aschoff bodies were found throughout the myocardirm  Ascholf body very near 2 mye
cardial avtery The wdentrcal secuon stamed with Weigert van Gieson m Fig 78 immeduately below
shows the normal appearance of the connective e m this lenon  Hematoxylin and eonn X 322

Fig 76  Wegert van Gieson stamn of the sdentscal section shown m Fig 73 and illustrating the
normal appesrance of the connective tissue withi the Aschoff body X 322

Fig 77 From the left ventricle of the patent referred to i Figy 44 46 70 and 71

Aschoff body derived from heart muscle cells among bundles of myofibers  Note rormal sppear
ance of connsctive tistue tn the lesion and the hmng up of nucleated and non nucieated myoliber
fragments tm 2 row hke that wn Figs 29 3¢ Thus lustrates the pownt brought out P 1927
and 74 that smterstitial  Aschoff bodies are denved from heart muscle cells Iying among or betwees
bundles of myofibers  Masson trschrome 500

Fig 78 Wegert van Cheson stam of the wdentical secuon shown i Fig 75 and sllunzatng
the normal appearance of the connectve tisue within the Aschoff body that i very du!)e( r;z 2
myocardsal artery {Closeness of heart muscle fibers to vessels 18 iHustrated m Figy 37 45)

Masson trichtome statn of the 1denfical section shown m Figs 33 and 7352 ;nd iffus-

Fig 79

trating the normal appearance of the connective tssue wathin the Aschoff bady
targe bundies

Fig 80  Aschaff body denved from a bundle of heart muscle cells g between
Fragmentanon of the myofibers and hrang up 1 a row of nucleated and non nudltaied f‘r;i!::n:;
ike that seen 1 Figs 74 and 77 and 1n Figs 20 34 Note the deleate and normal appes
the conmective tissue in the Aschoff body Weigert van Gueson X 230

Fig 81 Hematoxylin and eoun atam of the sdentival section of the Aschofl Body shown 18

322

Fig 80 X
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Fig 82  From the left atmal appendage remaved at the tme of mun
a 55 year old woman with no hustory of rheurmatic fever or chorea whe
nocturnal dyspnea and dyspriea on exertion 56 weeks prior to operation
wateal stenons with shight regurgitation was found

Aschoff bodies shown sn the lower and upper contral poruon of the pret
heart muscle eells just subjacent to the sub endocardwm Tha pomt 11 brov
pretures m this plate (556 7754) Hematoxyhn and somn X 80

Fig 83  From the left atnal appendage removed at the tme of mutral cc
30 year o¥d man who had polyarthrits 38 vears presiously and noted gradual
vears before operanon that progressed gradually m the last 2 yessy At aperatian
regurgitatton was found

Eatly stage of an Aschoff body clearly representing focal dwntegration of
just subjacent to the sub-endocsrdiwm 2 httle bite out of the myocardium ¢
this httle wound sould be sxpected to oceur (S 57 1478) Masson tnchrome >

Fig 8¢ Fram the left atnal appendage resmosed at the tume of mitral o
2 50 year old woman wath no hintory of acute rheumatic fever or chorea Rheu
diagnosed and dyspriea on exestion developed 17 years prior to operation 4 y
orthopnea and ankle edema developed and about ! year puar to operation there
of symptoms At operatton matked mitral stenoss with httle regurgstation was fo

Ascholf body very probably in a hitle later stage than that 1 Fig 83 den
mugcle cells pust sub to the sub endocard [ tasue 1 lesion
{8 56 8148} Maeson tnchrome X 200

Ftg 85 From the left atrtal appessdage remaved at the tme of operaton on
2 29 year old woman who had rheumauc fe er 17 years previausly followed by pers
on exertion  Four years prior to operation ascites and marked ankle edema devel
cardiac spmptoms approximately stationary an the past 2 years At operation marked
frerency was found and no cotnmautsurotorny was carned out

An Aschoff body derived from a httle bundle of heart muscle cells has thrust its
toward the subendocardiusm  Connective tissue in Jesnion appears normal (S 55 2976)
and eonn X 200

Fig B6 Phosphotungstc acad hematoxylin stasn of the rdentical section shown i
rllustrate the ortgin of the Aschoff body from 2 htdle bundle of heart muscle cells Conne
in Jesson appears normal (S 53 20°6) X 200

Fig 87 From a 10 year ofd g} who died 10 years after an attack of chorea =
rheumatic heart dsease 2 years after anotber attack of active heart discase and 4 mos
polyarthnts and steady worsemng of cardiac status {avtopsy 9531 New York Hosputal}

Aschoff body dertved fram heart musele cells and posubly representing a hutde Jater st
that seen 10 Fig B4 Hematoxybn and eosm X 200

Tig 68 TFrom the left atuial appendage removed at the time of mutral commussurotor
39 year old woman who had chorea 31 years previously 3% yesrs prior to operation acti
matic heart disease was dhagnosed and mereased shortness of breath de eloped In the ykz dr
operatson mncresung dysprea on cxertion and orthopnea otcurred At operation marke
stenonis with some regurptation was found .

Aschoff body developing from a lile bundle of heart muscle cells (8 56 2678y Hema
and eosn X 200

Fig 89 Masson tnchrome ssain of the sdentical section shown 1 Fxgoﬁs and llustr
normal appearance of cannective tisue wathan the Jeon (S 56 26785 X 20

Fig 90 From the lefs atnal appendage of the patient referred «; n ::; bx:: voded o6 ¢
ture would apprar to represent the followtng the myocardim has been
batk’?)"ﬂy}?eir:;xc d:msg‘: and (hpe process focal Aschoff bodies have formed  vollagemzasion
the myocardhal wounds has occurred (S 56 7754) Mawon trnchrome X B
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Fig 91  From the left atnial appendage removed at the tme of mtral commusurotomy of
a 34 year old woman who had chorea 22 years presiously and developed dyspnea on exertion that had
heen severe w the past several years Marked mitral stenosis with nio evident regurgrtation was found

No Aschoff bodies were found in the atmal appendage This section v shown to llustrate the
avenue or band of smooth muscle reffs that normally occurs 1n the sub-endocardsum of the stnal
wall {8 554662} Phosphotungstic actd hematoxyhn X 80

Fig 92 From the lefs atriam of rabbis 94 96 to Hustrate the broad avenue or band of smooth
muscle cells that occurs m the sub endocardum of the rabbut atnum as in the humon Masson
tachrome X 208

Fig 93 From the left atnal appendage removed at the tume of mitral commssurotomy of a
34 year old woman who had rheymanc fever 27 years previously In the y w pror o operanon
marked progression of dyspnea and orthopnea occurred At aperation marked  itral stenons wathout
regurgitation was found

Thus picture shows a brozd avenue or band of smooth muscle cells 1 the sub endocardm
{555 270} Masson trichrome ]

Fig 94  From the left atnal appendage removed at the time of mitral  ommussurotomy of
38 year old woman who had acute rheumatic fever 32 years before operatio: Dyspnea de eloped
5 years prior 10 operation and was stationary untsf the past several months pr ot to operation when
st became progressively severe and was attended by the de elopment of paraxysir al nocturnal dyspnea
At operation marked mmitral stenosis without regurgitation was found

At the eye of the viewer mo es down the avenur of smooth muscle s the sub endocardium st
comes to a lesion bymg 1n the lower portion of the a enue that ss a speafic thew auc lesion resembling
the Aschoff bodies that develop from heart muscle cells See highes mainsfication fig 87
{$ 56 8219) Phasphotungsuc acid hematexyhn X 80

Fig 95 From she left atrum of rabbit §2 42 that died several months after the last of 3 focal
cutaneous infections with group A streptococct

Two focal lestons 1 the sub endocardium strikingly like those m the human amnal subr
endocardium m Fig 96 These lesions occur where smooth tmuscle 18 known to o rur Gemsa X 200

Fig 96 From the left atnum of the panent referred to in Fige 31 3¢ 35 ang 6% ;
Two focal theumane lewions w the sub-endocardsum strikingly bke thos m the sablut ;x%
sub endocardsum tn Fig 95 and occurring where smooth muscle s known 1o vecur Gremsa

the muddle
Fig 97 Higher magmficatson of Fig 94 Lesion of Aschoff bedy type oc urnng in
of the avenue of sub endocardsal smooth muscle and very probably denved from smooth muscle

cells Phosphotungstic acd hematoxylin X 200

k
Fig 98 From the amral appendage shows i Fig 93 to illustrate the avenue of smeol
muscle i the atral sub endocardrum Massan tnchrome X 80

who died 7 years after an
h congestve heart faure

Fig 99 From the base of the muueal valve of a 32 year old ol
heaet fa lure {autopsy

15 2 years after another attack of rheumatic fever wid

L i afea 2 s zexpiatony infesion. foflowed by congetive
8072 New York Hospisal)

This picture sllustrates the manner 1n which

from the left atnium Phosphatungitie acd hematoxybn

smooth musele contimues into the miral salve

x 32
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Fig 100  From the aortic leaflet of the mutral valve of a SN year old man who died about
2 weeks after onset of an attack of actty  theumatic fever {autopsy 40 Rockefeller Institute Hospitad)

Many Aschoff bodies were found throushout the myocardium This section of mutral vale
shows bundles of smooth mustls that stain purple  Phosphotungstic Aaid hematoxylin - %

Fig 105 From the same valve referred to 1 Fig 100 Spindle shap d | sion resembling an
Aschoff body 15 seen 1n the lower portton of the track of smooth mus le Thosphotungstic
aad hematoxylin X 80

Fig 102 Hicher magmfication of the lesion in the lower portion of Fig 101 Phosphotungstic
acid hematoxyhn ¥ 200

Fig 103 From the aortic leafler of the mutral valve of a 24 vear ol! wmrl who died after
several attacks of rheumatic fever and with sub acute bactenal endocarditis 11 t became apparent
several months after tooth extractions (autopsy 10488 New York Hospital)

This picture tllustrates the occuryence of bundles of smooth muscle sta ne red n the mtral
valve Hewdenhain connectine tissue stam X 80

Fig 10+  From the aortic leaflet of the mutral valve of a 17 year old tay who died 9 years
after an attack of chorea ¢ yeass after a bous of actne theumauc heart disease with decompen ation
and after 2 other attacks 1n the last 2 years of hie as octated with increas u signs of congestne
heart fadure (autopsy 9622 New York Hospitall

This picture shows that a considerable amount of smooth muscle stawry  dark purple o curs
sn bundles 1n this porhon of the valve Phosphotungstic acid hematoxyhn 37
after onset of chorea

Fig 105 From the aortic valve of a 28 yvear old man who died 18 ye
zecurtent attacks of

that secusred in the next 2 years and 2 years and 8 months respects Iy aft
theumatic fever {autopsy 9128 New York Hosmtaf)
Note the bundles of smooth muscle stavung dark pusple to black beneath th
docardium  Phosph acd yim ¥ 80

e valvilar

106 From the aornc vabe of an 11 year o gl who died aft v the last of several
attacks of rheumatic fever {autopsy 426 Rockefeller Insntute Hospital) o hes
This picture lustrates the otcurrence of smobth muscle stamng purple occurmng n bu!
Phasph acsd b I X 37

beneath the endocard p

h
Fie 167 Yhgher magoification of Tag 305 1o Muwrate th orcutence  { bundles of ssoot
muscle staming purple beneath the satvular endocardmm Phosphotungstic acid hematoxyn

Fig N8  From the aortic salve of the patient referred to in Figs 44 18 70 71 aml,7 o of
Thus shistie tisue stam llustrates the occurrence of ymooth musel ¢ ls between WWE
lastic fibers basophiha and mulunucteatian of same of the Mol od ymoo
Wesert van Creson > 200

th muscle cells 1
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Fig 127 From the left ventricle of the patent refersed to in Fig 25
Myocardial artery showing a focal nodular lesion m the media 1 the low © night portion of
the picture Phosphotungstic acid hematoxylm X 80

Fig 1°8 Higher magmification of the nodular lesion shown in Fig 1¢7 Phosphotungstic
acad hematoxyhn X 200

Fig 129 Higher magmfication of the lesion shown m Figs 127 and 128
This medial lesion somewhat resembling an Aschoff body contams several mulinucleated
elements Phosphotungstic acid hematoyln X 500

Fig 130 From the left entricle of the patient referred to in Figs 76 79 80 and 81
Myocardial artery A small portion of media tn the lower portion of the picture 15 the fite
of a nodule of medial cellular elements Hematoxyltn and eosin X 200

Fig 131  From the left ventricle of the patient referred to i Figs 28 and 29

The medsa of the lower portion of this small myocardial artery s replaced by a focal lewon
that contams basophilic and mulunucleated cellular elements Tius lesian resembles an Aschoff
body and 15 very probably derived from smooth muscle cells m the mecha Giemsa > 500

Tig 132 From the left wentucle of the patrent referred to in Figs 87 and 115
Nodule of medial cellular elements 1n the night Jower central portion of the media of a
myocardial artery Hematoxyhn and eostn X 200

Fig 133 From the left ventrucle of the patent referred to mn Figs 30 and 39 .
Nodule 1n the nght lower portion of the media of 2 myocardial astery Broad zone of scasee
adventita Hematovylin and eosin X
\g 134 Higher magmificauion of the medsal lesion shown in Fig 133 Hematoxyhn and
X 200

eosin

Fig 135 IHigher magnification of the lesion shown mn Figs 133 and 134
This lesion resembles an Aschoff body Hematowhn and eosn X 500
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Fig 154  From the left ventricle of rabbit 8% 97 that died § days after the last of 4 focal
cutaneous infections with group A streptococe
Basophilia of heart muscle cells 18 here illustrated Giemsa X 500

Fig 155  From the left ventricle of the patient referred to 1n Figs 44 48 71 and 108

Basophilia 1n the upper portion of a myofiber To the mght of this myofiber 1s cellular
proliferation 1n tracks of necrotic myofibers like that in Figs 10 13 156 157 158 159 and in
many other figures among these illustrations Hematoxyhn and eosin X 500

Fig 156 From the left ventricle of the patient referred to in Figs 8 16 36 40 41 and 77
Basophilia_and prolferation of nucler 1n a myofiber fragment among bundles of myofihers
Eostn and methylene blue X 500

Fig 157 From the left ventnicle of the patient referred to in Figs 8 115 and 132

Early Aschoff body that 1s clearly developing from mterruption and da age of heart muscle
fibers that show some reactive change Note the resemblance of this lesion to the one m the atnal
appendage i Fig 160 below Hematoxyhn and eomn X 200

Fig 158  From the left ventricle of the patient referred to 1n Figs 8 16 16 40 41 72 and 156
Fragmentation and multnucleation of heart muscle cells bke that i F 156 157 and 160
among many others Eomn and methylene blue X 500

Fig 159 From the patent referred to m Figs 87 115 132 and 15
An Aschoff body that has developed from heart muscle fibers shows th same mulunu)c(k;\;od
elements as seen in Figs 156 157 158 10 13 and many others Hematoxyhn and cosin

Fig 160 From the left atrial appendage of the patient referred to m F 84 "
An Aschoff body derived from heart muscle cells near the tp of the n ucardmm\(hzol;s o
striking resemblance to the Aschoff body above in Fig 157 Hematoxylin ani osim

7
Fig 161 From the left ventricle of the patient referred to 1 Figs 8 16 36 40 41

156 and 158 N
Basophihic mulunucleated myofiber mass Note the strutions extending from the right portion

of this mass Eosin and methylene blue

d t Figs 4 42 59 and 123
Fig 162 From the lJeft ventncle of the patient referred to l:‘hat x:n Fie 161 nd wth otber

An Axhofn(n:ody with 8 multmucleated myogenic mass Lke that n Tig 67,
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