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S0 far as we know, there has never besn raported
in the llterature an experimsntally eentrolled attempt
to sorrelats the effect of focal infection with cardiae
hypertrophy and to determine the myoeardial rasponse o
toxiec injJury and infection under strese and strain. Thias
work represents an attempi to investigate the problen ss
acourately as rigidly controlled sxperimental conditions
will permit. It is the purpose of this paper to deal with
the following five problems: (1) Vhat is the relationahip,
if sny, betwesn axperimantally prodused focal (deatal)
infection and cardiae hypertrophy? (2] vhat will be the
relativs affects of exarciss upon such infected and none
infected doge? (3] What is the reliabilisty of the vericus
Rmeans of expreseing cardise hypertrophy? (4) W"hat patholegical
changes, ecardiac and extracardisc, are noted in the experimental
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Ms?v {5) Hn.n‘ we amployed & uaiutmurily large
populaiion of animals ﬁu which to draw ﬂiﬁlu 80
raliable as $o be accepted without guestion?

Tibe’ in reviewing the literature finds & general
ascaptancs of the truth that a work hypertrophy axists
and concludes that an inereassd relative and abselute
heart welght ocours with exercise without s corresponding
inerenss in hody muacls welght. In contrast to this view
we find thatlorvath® dentes timt hypertrophy is due to
increased work. Albrecht® finds no conatant relation
betwean funetion wnd hypertrophy. There ia, howevar, an
incraased connastive tissus etroma, vacuolated muscle vells
Miug a ammaﬁsim of the anisotropic portions and an
ingrease of the isotyepic pertions of the muscls alements
with oftan a doubling of the nuclei, Albrecht cousidere
such ghanges a response to infection, OStewart® reports
that hyperirophy indugad by produstion of sortic insufficisncy
involves all chambors of the heart. The hypertrophy is
groeantest absolutely in the left ventricle, and is followed
in order by the septum, right ventricle and surieles. The
groatest relative inersase is also meen in the laft vamtriels,
but the suricles show hore a greater relative incresse thgn

the septum or right ventricle, Nermmann® conciudes that the
loft ventricle has the greatsst relative and absolute hypersroph



{2a)
TOCAT, INFRCTION AND CARDIAC HYPIRTROPRY
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11 exporimsntal sortie insufficisncy; that older dogs are
often refrastory (o hypertrophy and ,ym dogn show more
unifommity; that important contributing factors are the

age of the dog and thae presance or abasnuge of intracardial
infection, and that the solution of the problam of cardiae
hyparivophy is utill out of reagh, probably because & nuwmber
of factors are aetivs in the process. Goldbarger® found
that the musele coll of the hypertrophied heart is larger
thon normal and that the inersase is & volums incresse.
w*‘i after using a macsration procass on left ventricular
wall spacinens concluded that the greater the abselute heart
welght 29 the graater the cross diameter of the eelln, both
in phynislogioal growth and slsoe in patheiogical hypsrtrophy.

I AZTROACH

The doge used in this exporimenial work wers an
unselscted groupy with the axeaption of Sheir age® which
averaged nine nontha, in odder that our samples might
represent an average grevp and therafors ba comparable
to the mermal canine standards reported by Herrmann®,
Thirty six dogs were employsd, and these were divided
inte thres groups, |

The inoculated a#oup of Tourteen doge were salected
a% random, These doge were subjected to a rigidly followed

& Herrmann, G, 1,, Ixparimental Weart Disease,., Amer.
Hewrt Journ. 1925; 1, 213,
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tachniqgus by Dx, Prank Mihnos¥, which may ba swwarised
ws followni

{1) anesthetized with ether, {2) lowar canine
tooth isolated with rubber dam, (3) Distal one~half
of TTQ mue unﬂh mx with chisel and

} M Pulp eavity dried.
(6) In:mum wi b W&-Mu ayrings of § %o ¢
0.8, of stmpwmm gulturs deep at base of pulp

uﬂta‘. wra.tar with mtm and paly
poing, | mx w t. {9) Pindsh
uum with uuwr mlm .{ut nwul
:I: ::umum lowar or hn-uta upper canin

1+] %19

The strepiccoccus caliiurs amploysd was Lssiated by
pe R Ly Tensoni’ from the antra of a patient suffering
with chronie bilateral hyperplastic sinusitis and was one
of & small sarics nf streptosoced culbures used by Ir,
Panpon in an axperimontal atiept e produce artericselerosia
in animals. This organism wae ildentified by culiural and
microncopic charagtoristics as & non-hemolFiic graeu producing
typs of gram pesitiva sirepiococcus gorrapponilng ito the
sugar Cormentations of Jtreptococous mitis. Tha injosted
culture was somposed of normal saline washings of &« twenly-
four purs culture of these Organisng.

The conirel group of nineteen dogs were smeleeted at
random, These dogs were, in every way, suljected to the
sams treatment throughout and after the expurimental psriod

9 Attending Oval Surgeon, ultnommh County Nespital.

10 Clinical Professor of Talholegy, I‘n&raxazty of Oregon
ladionl School.
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a5 that afforded the ineculated dogs with the siagle
exception of the previously deseribed dental inoculation,

Ths nomeal doge, wevaen in nuwber, were likewise an
unsslected group. These dogs were secured after desth,
welghed, autopsied and the freslh heart weighed and kept
for further treatmont and examinstion. This series wae
atarted with the idea of contimuisg the inclusions %o an
indefinite mumbor., It was found that this series of nommal
dogs currespondad, practically without oxcaption, Lo the
large group of 200 mormal dogs reported by Htrmn‘, ap
the group was discontinued after seven dogs has been thus
treatad,

The provision that the dogs be examined for sffects
aftar baing subjected to siress and atrain was accomplinhed
by daily ezareise to exhausidan. An olestrie treadmill
bLaving an inclined canvas balt and two sersened GAZes wae
devised and constructed to provide such exareise, Haeh dog
of e series wae axercised for pariods of fifteen minutes
dadly, six daye during each weel, The tread wae inelined
ot an angle of twenty degrees to the horizontal and moved at
& rate of 0.4 miles por hour, The average enevgy thus expended

by each dog in his daily »un was 28,800, foot=pounds, and
ronciied the sum tetal of appraximately 3,000,000, footepounds
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during Jdw enikie wxpoerimantal period. This dadly
aoredine wae sulficient 1o warikedly faligus tie dog,
Hds precodurs was comtinued for an average of 1560

uinutes of exarcise per d0g,

Bleciric Troaanill

The d0gs were divided inite five housing groupd, add
ware Zept in pene located on the fourith floey of the
Univeraity of Ovegon Madical Pchoel Muilding, Tach pen
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beated room of equal sisme shich was maintained at
appreximatoly 68° P, at all simes. The ratien provided
was & balanced commersial food product called Xibbled Caken,

PLATR 8
Rleetric Treadmill

lanburger was Lod at frequent intervals., Tater wes
constantly pro#ided in the pens. Carben Tetrackiorids

was uned as indicated for tapeworm infestation on Giagnesis,
The doge were washed at iutarvals of a forinight, Zvery
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effort was put fortu teo keep the dogs inm the beat poseibls
Phyuleal eondivion during the entire course of the axparinent,
The asluals wers weighed bsfore FuRning, at intervals during
Wi coures of experiment and et daanti,

Teonigen photegraphs of tha teath of both the inoculsted
aid conirel sevies of doge were made at intervils and informed
s of the pressuce and progress of the dental infeetions,
ot morten examinations of the Jaws for infected arsss
ware mads,

Antmnlas dying during the course of axperimantation
ware subjecied to the sane post wortem treatnont as animnls
#illed during asphyxis Quring deap ether anesthasis at the
conclusion of ihe experimental peried, An irmedinte neacropsy
of the thoracie and abdeminal viscera was mads, neting the
Pragenos oy absence of grosa pathelogienl ohanges, The upper
and lowsr jaws of the animmle wors saved for dissection and
furthor investigation, The heart was revoved fron ﬂu‘
perioardial sue and prapared necording to the method of
Lewisll, This wethed may be eumarized as follows;

(1) Farietal perieardiuwn romeved, (2) Vensely out

short. (3] Cavities washed free of glots and

(4) Heart weighed. (5) Vessels ligated, (6) Cavities

distended with 107 formalin 4§ sgted through eardiang

Wil wilh hypoderuie needie, (7) Hears lumersed in

107 formalin for five to seven daym, depsnding on aime,

{6) Grifices opened, heart drained aud wushed in
Tanning water for ons to tws dnye, {8) Fosrt placed in

Lawi Thomng, OChesrvations upon Ventricular lypertrophy
» ﬂt;'umiu'ntamu to “reaponderance of Tne or

Other Chumber, Heart, london. 1913=14; &, 487,
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{vi4 alnoha& until iis welght ronches noyual, [Autherts
note: or until a maximusm w?mh.‘l which iz still leas

s novmal e mahud, The nplum.im
subspigariial fat, muls oui chordae
8 Wre fgmnsl mrulu md vaniriglas

g.:g:nv:a.‘t;ini%ir, rimo;gmgru;:mm ;::aum.

u.p:u::ﬂua Jaricle c%xn:il:" ‘T;:d ?nﬂ?t:;?;a:‘:t:hl:

od in mur and ﬁulnoﬂ. hu Meart portions
ﬂi&hﬂ individusliy,

Ve have inveatigated four camsonly usad mathods of
sutimting eardiae hypertrophy in order te adjudge the
*23a387s candias sllesis of our exporimsntal metned upon
both ifnoculated and nomeinoculated dogss (ia) Fresh heart
welght o Bady weight at death ratde; (1b) Pixed and
breparsd total mtr&w:.u welght Lo body walght at dut&
ratie; {(1e) Mixed and prepared left ventricular wedgit
50 body walght as death smtie; (1d) Fixed and prepared
right ventrisular weight to body weight at death rutie; (le)
and Pixed and prepared septal welght to hody welght at
deuth ratie; and (1f) Fresh euricular welghi 4o bedy
walght at death yatde; (2) Yresh heart welght to body
“rem atl death ratde; (3) Fixed and prepared left ventricle
o Fight ventricle welght patio; (4a) Direot msssurement of
cardiae masele Tibre diamster, using o filar Ricroueter,
from paraflfin sections of ithe apsn o8 the leofd ventricle;
(4% of the lower ¢ oi‘ e intorventricular septumjand

- {d4e) from maseranted teased specimens of the apex of the
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of the left vantricla,

s have inatdtutaed the following statistiecal
computations: {(Su) Fregueney polygons shewing for
both fnosulsted and comtrel series the heart weight
0 bedy welght st death ratio; (O0b) Pixed and prepared
total ventricular wedght %0 body wedght at death ratio;
{(Be) Fixed ani praparsd left ventricular weight $o body
wolght at death ratie; (B4) 7ixed and prepared right
ventricular weight %o bedy welght ab desth ratie; (Be)
Pixed and propared ssptal welght to body welight at death
Tatia; Tresh aurisular welght to body wedgnt at death
ratio (Br); (8zg) Cardiae musels fibrs diameter from
parafiin sontions of wpax of left ventrisle; (Bh) Cardisc
Bisele fibre diwnster fron paralfin ssctions of lower ¢
of interventricular sepbin; (64) Cordine muscle £ibre
diaetsr fromw macomaisd spacimens of apex of left vontricle;
and (8J) Cardise msele fibre dianeter frem sum of all
nierosvopic wuscle fibre dlametsr measursments; (6a)
Jeaiter diagrame for both inceulated and eentrel series
batwesn the following variables; (6aA} Tresh heart wed bkt
ummtutmmnmummmmmu
minutes; (6al) Freah heart weight to body surfuce area;
{6aC) Tody weight at deathy (¢ad) Fresh heart welght;
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{6aB) Average muscle Librs diameter; (6B) Total

sxarcise time to (EbA] Aversge musele fibre diemeter
(6u2) Presh heart wolght to body surfuce aren; (6e)

Presh heart weight Lo body surface arsa to {GeA] Fresh
heart wolght; (GeR) Dody surface area; und (8eC] Average
mupele fibre dlameter; (7) Linear stap-interval
distribution between inoculated and control groups showing
parceniage doviation of [7a) Fresh heart weight %o body
waight at death to the 3/5 power times the constant 0,218,
and (b} PFresh heart 0 body welght at death ratie, to
mean values of the same units in the control series; (Ba)
Pearson product-monent cofifficisnt of correlation hetween
fixed and and prepared total ventricular weights and body
woelght at death; (8b) Fixed and prepared left ventricular
walghts and body weight &t death; (8¢] Fixed and prepared
laft venitrioular welght o right ventricular weight; and
(8d) Pirosntage body weight lost during experinantsl period
and fresh heart to body weight st deats rativ; (Oa) The

reliability soafficieunts of our data wars cemputed by the
Hoan; minus Mean,

methel o T e e | N T

and Intsrprsting Lha oblained ‘rnulin on a table given
by H, %, Garrettl® for the freih heart weight to body
waight at death ratio; (9b) Pixed and prepared total

13 Gurrett, H, 7, Statisties in Peychology and “duecation.
New York: Iongmane, Creen and Co., 1926,
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4 to Lody welght at death ratio;
. praparad laft ventrieular waight to

4% demth ratio; {94) Mxed snd prepared
africular wvelight te bedy velght st deaith ratie;

(28] Pixed and prepared left vemtriculsr to right
satriouinr waightes (30) Preah honrt welght to bedy
waight reides for our seven mormal dogs wers caleulated

aseording o the previously deseribed method,

[EEULTE

The raw data for all mrlmm animals are
raprosanted in Senaral Data thests i B, 3 and 4,
The eolumn nuwwbers reprssent the following values:
§mmxuum mambsr of dng.

Cax of t:. ‘
nooula I) ox sontrol {C) noneinoculated dog.
2«; sight at 3’@%’ t Carnetial peites
? w at ng o rimen pariod,
Tetal exarcisn time in Srvsadmill im minutes,
Tunning abilitye'mits of 1 (bast) and 4 (poorest),
Daath during course of (C) a» end (1) of
axperimental parioed,
;2& Date=Tud of experimsntal peariod.
Langth of exparimental period in days.
iax Nody welght at end of experimsntal pariod,
A8} Parcantage of original hedynweight leost during
Xy
13) Cause of death,

Huantal peariod,
A4) Avarage maselo fibre diameter-’aralfin seetions
from apex of left ventriele, in miora.
{15) Average musels fibre dianmetar-raraffin seetions
from lower { inberventricular septum, in micra,
{16} Average muscle Tibre diameter-Toased macerated
gni:tt:ﬁ fibres from apex of laft veantricle,
" Pl

98 wf ChER g 08 20 ot
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{24) Pized and prepured left ventricular welght to
| right ventricular weight,
{25) Presh total heart weight at death.
26) Pixed and prepared total heart waight,
2] Freah heart welght to body weight at death ratie,
28] Tixed and prepaved total vemtricular weight.
*j ] 2 2 36 3l
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Greneral Date Shaet “2

GRNERAL DATA SHERT 2

{290) Pized and prepared total ventricular weight
to body weight at death ratio.

(30) Tixed and prepared left veniricular weight,

{31) Tixed and prepared left ventricular wolght
0 bedy welght at death ratio,

{52; Pixed and prepared right ventricular weight.

5] Tixed and prepared right ventvicular weight
%0 body weight atd sath mtio,
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{ 54} Fixed and prapared saptal waight, :
(35) Pixed and prepared ssptal weight to bedy
welght at death ratio,

{36) Retimated Lrosh auricular welght
(37) Retimated fresh auricular waight o bedy
_ walght at death matio,
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1w The mean fresh heart weight to body welight at
- o~ (=}
death T

atie of eur inoculated series is ,00883 with &

sigma. of ,000360; of our control series ,00792 with a

sigma of ,000336; and of normal dogs as reported b

Curd

.

i
[

Terrmann® .e 08798 with & sligma of ,0001036, BiNce T

Normal nml: Fiore Dt-mhrsl,

Y o7 T T L
) ;
e | e | B
i 33
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4
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Apical 9 - 11
FrE }-
g 11
N 114
sl 1
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£r| E BE
|
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Teased )
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control dogs were subjsct

pae
9]
o

to tlie salze severe and prolonged

exercise as the inoculated Zroup, and yet their ratios

: 3 ~ i * 3 B D N <3 e 7 R~
remainsd an average of but 0,97 below reported normal values
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Ws are forced to conclude that the observed difference is
dus to unaviedabls expevimental errers und that saevere and
prolonged exerelse in the absenge of texie injury dose not
Paiss the haert weight to body weight ratio. The ineculated

- o é-_| s
3 |_ :_I I_ I
N 0
B e
__5"{1 1 11 FILE T
= - |
| L T _
il WHE
1 l i
3
= 4 £
: . 3
- MY
o iE + jotinds | vy ! 5 510
Il_[g:-. Fi&uu &) . IE.'

group show & galn of 10,087, whieh indicates a definitely
demons trabls gross relative cardisc hyparirophy sccording
to this method,

(1by80d40,2) The ineveased heart welght o body welght
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ratio ia shiefly dus o the inorsased size of the laft
ventriels, with tha gaptm. right vantziels and suricls
hypartrophied as shown in the fellewing listing:

P.u P, TU/OW I 00788 sigam 00068 ¥ of N 24,078
o~ ¢ 00674 00075 6,07

¥ 00838 . 00075

TP, WAV X 00304 eigma 000307 L ef ¥ 1.4
£ 00348 +00035 18,2
¥ 00300 50028

Pole ¥, BAW Y 00171 edgman 000428 £ of ¥ 48,9
£ ,00168 « 000306 42,2
¥ 00118 « D0¢

Pl P, RV/B% 2 ,00235 wigmm 000238 § of ¥ 11.9
C 00180 « 000183 «16,7
¥ .00212 000218 =

Presh A/BW I ,00000 sigms 000219 % of ¥ 26.%
¢ 00087 000158 1. 8%
Y ,00078 . 000

The figurss for fixed normml aurisles ara mnot given by
Hormmann® But 4o estimated from reported figures for the

- yarpess of this paper. Prom these figures it may be
eson tial the septum and the left ventyicle ars increaged
the most with an apparently smaller invelvement of the
right chambors of the heart. It is pessible that the
authors particular dissaction of the »ight veatrioular and
soptal portiona mdght have included mors heart in the
septal yortion at the expense of the right ventrieular
wieght, a eondition which would explain the aprarmmt
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disproportion batween thees figures, The ratiocs guoted
baged upon fresh heart and fixed wnd propared total
vantricular and laft vantricular welghtes are unaffected
by this imctor and suggost a mederate gross ralative
cardiac hypsrirophy ascording to this method »f expression, |

I
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Thess figuress, in the wain, corrcbosute the work of
Stewartd, |

{2) Om aceount of the fuet tiat abeolute heart
waighte are useless for comparison bmoause of the
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variationa in dedy size, we are forged to relate the
heart woights to soms measurs of hody size, There ip
axple svidencel® that in gemsral the heart woight as
well as other organ weilghts of a group of animals in

Al |
)

[
F

E—-';q'—:
HEd

& almilar state of mtﬂtiu but of warying size showe
lnoynﬂabiuw whan sxpressed as heart weight w body
arss timn when axpreceesd as heart welghi to body weight,
13 MacKay, L. L., and Magfay, 3. N, mm-mt

Daternine Renal wxm. Amer, J. Fhysiol., 1987,
85, 179,
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Te invaatigata this matisr we have saleulatad body ares

for esuch of the degs aecording to the f@Mla.t“

Pody Arves ® (Pody velght)V® x 0,113 , wnd have cAloulated
| She correaponding hesrt weight to body area ratios,

%

R E

T
A

E E el e X
P T e S e R T e T

bt dnabmibeada | [ [ [ 1 ]

Body Area I 0,417 EW/5A 1 149.3 7 adove € 4.7
C 0.469 € 143,90

Percantage deviation of unit figurss from conirol avarages
i4 TRogers, Mlui.g. ih Toxtbook of Comparative

Physi0108Y. ¥k3  NHedrawelidll Book Co.
10 Taition. 19273 387, -
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a8 suggested by Dr, Thowss Addis?® and shown in Pigure
5 demonstrates that owr incculated serdies is defimitely
lens wariable and the sonirel seriea iz awore variable

whan expressed as hsart vedght to body area raitlo than
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whan axpressed as beart welgat o body welght watie,

'It would therefore appeny that, in the absence of more
agcurate methods of daternining bhody u#an. than wa have
enploysd, ths heart weight %0 body area ratie offers o

15 Ztanfoxd '‘miversity.
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method no more relisble than the heart weight to body
walght ratle,

{5] The fixed and prapaved laft ventricular %o
right ventriculsr weight raties wers found to be:
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Lo/ I 1,765 sigma 1,79 ¥ abeve ¥ 23.%
’ ¢ 1.964 169 54,5
N 1,461 w0d?
Bines the sigma of the means of both the insculated and
contral groups ares oo large in ocomparison to the means

of these waluss, relatively little sredence can be mﬁd
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in the apparent inereanss over tha normal values other
Chun indleating s geusxal tendaney,

(4n,98) Direet moasurensas of cardisc musele Libre
diameter, using a filar mierometor and 9il lumeraion lens
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upen stadned spaciiens, gives evidance of a nisrescopic
eardise Ayperiroghy. This material is showa in Genersl
Jate Cheots 5 and 4, and in Tigureas 8; 7, 6, and 9, These
results may be sumarized as follows:
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C., M, ., D, I 7.44 nieove < abeve ¥ 15.%
Q s“’ &
¥ 6,465

A perusal of the above mentioned figures will show the
relatively mmall proportien of overlap betwesn the fraquengy
polygons for the inceulatsd and sentrol series, It is thig
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factor which is responsible for the greatly increased
agourasy of this methed sver the gross methods of expresaing
cardiae hyperirephy. The fibres from the septun wers
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gonernlly found %o be alighily larger than the fibres
from the apex; a fust which may perhaps £ind its

explanation in the obeervation that & majority of the
heart walls were dafinitely thinned to 2/3 or /2 of
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the nomal ventrioular wall thickness at tha’ partioular
apical point selestsd for npecimens., The findings of
G0ldbarger® we £1nd to Le eorveborated by this work with
the exception of dell wolums, which we are mﬁh L0
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Gstemmiie, dus to the fmet that the present thought
upon cardiac _'Illlm considers 1% a syneytiun, with the
result that the cardiac mmscle fibre length saunot be
determined. The findings of Tangl? fail to find suppert
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~ 4n our results,

{Ba,0,0,4,0,£) It is found in an exsmination of
Pigures 10, 11, 12, 13, 14, snd 15 that the major difference
16 GStrong, 0, %,, and Tlwym Pailey's Taxtbook of

; o Rt

Histology. New York: ¥ood and Co., 74h
odition. 1025, 188,
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batween the inoculated and contrel groups consiste

of & skewnees of the inoculated curves %o the higher
ratio values, while the lower limits of the sawe CuUrves
Are roughly Wi seme as Sat shewn in the control dogs.
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This faot indigaten that our eandianc hypertraphy ratios
 based upon body welght at desth, aud the body aves yalues
dariver tharefrom, may porhape be unduly influenced by
the greater bedy weight loss of the inooulatad group.
This would make such ratlos, under our conditions, fall
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axpsess the degres of true cardiac hypsrtrophy aetually
progpont, Data on the heart welight at the beginning of
the expsriment is anatomieslly imposaible to obtain, and
evan telercentgensgrams in dogs are imagcurate for the
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above mentioned estimations, with the result that we
canuet, mathenatically or statistieally, metimate the
relative affoct of the grester welight loms upen the

above vation, This matter will bs further discussed
i (6ar),
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(S8shedsd] The data relative to theus hendings hae
bosn provisusly discussed under (4a,9,6).

(6ad] =xamination of Pigure 16 shows an apparent
nederate dagrus of negative ralationsnip batwaen Lrash
hoart walight ts body welght ratio and total exereiss in
uinutes. Tals relstionshipy 1s most marked im the
ingculatsd grouy, This obmervation Provably finds its
explanation in tue finding that taces dogs dying of an
intenas toxamia, and therafore net iiving for the entire
sxparimental perisd, as & generel rule showsd the groatest
hsart welght ¢ body weight matia, :

(6aB) The relationahilp of heart weight te body welignt
and heart weighi %o body surface area {FPlgure 17) shows &
high degres of ponitive corrslation, indieating that these
ratios express vary aearly the sans comaen Tactors, This
appears %0 be inovitadble from the method used in this work
to derive swrfece aves setimations for the warious dogs,

(6aC) Control dogs show nO apparant relintionship
botwosn heart weight 0 bedy veight ratic and bedy wedght
ot dentii, widle the inoculuted sarics display & vary marked
segative gorrelation. {(Pigure 18] Thdr faed sugges ts
Ut the marked less of boay wolght in the toxamic ineculated
Goge may have had su undue nfluence upon thoss dogs showing
& romariably high heart veight to body wedght wation,
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{6aD} A very slight positive relationship is
noted in Pigure 19 betweou the fagtoxs of heart weight
S0 body weight aatio and gross Cresh heart weignt in
ST

(Saii)  Average mucle fikrs diumeter, inssmuch
8 4% is & singls, definitely deidmited wansuasont, le
far less subjeot %2 orror than a ratio, in which &
variation im sigher of its component factors will affect
the consecuant yatlo. It is an ie account that the
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Faol Wt hewrt welght o body weight ratis showe
ouly & vary elight negetive relaticnship %o averge
miseie fibrs dinmster (Migure 20) fhwt wa vensliude
that, ab least under owr partlouler axperimental
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conditiona, e heart welght %o body waight ratio is
& less desievable methed of wpressing eardine aypartyophy

than the nisressepie evidences afforded in inereased
misels £ibra diuseter,
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{6uA] In contrust %o tha pieture prasanted by
Flgure 18, we see in Pigure 21 thas there iz apparently
no affeet of prolonged exereise upen Wies control doge,
with the resuls that their average muecls fibvre diamsters
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ramain atl practienlly the same general laval rogardlieas
of running tdme, A vary dalfinitely moderais dogree of
positive rolationship i3 nsted batwoen longth of exercise
time and average muscols £ibrs diametsr in the inoculated
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sarias., This ahows Sant thowe degs whiich aurviged
the intenss indtial tomemis and coniinued axnreise
under the «lffecis of a srelonged constant Loxonda,
reupenced with & greater inerseass in AVATRES UseLa
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fibre ddamster than t)ose dydag serlisr in the saperimental
serias,

(6uh) Ieart welght to hody awes retie, wham plotted
against total axerelas tdme in Hanutes, a8 shown in Figure
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22, shows & seatier se great as to indicate yractisally
ne relatisusihlp, |
(6es, GeB} / high degree of positive relationship
is noted in Tiguces 23 and 24, bebwesn heari weight %0
body area ratio and its component factors in the contrel

Taas
SERES:

!

saviss, The impenlated group show the same positive
interrelatisnship te henrt weight, but wariable vhen
sxaminod in connsetien with comparisce te dedy surface

arsa in scanrs paeters,
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{6e0) vhan the heart weight te suwrfuce area ratio
is conuidepred in its rzlovionehly %o the avemags musgle
£ibre diamster of the sardiae miels sells of that
parbicular aninal (Pigure 25) we find thail the inceulated
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daries shows a alight degres of yesitive ralaliouship,

fals indicsten et there it & smaller dogven of conmon
factoxs botwesn heart weight Lo body sves Fatio and

avorage mussic fibre Glametar than thas shown Letwaen

heoars wodght $o body weight rationand musels fibre diameter,
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The esalrel series dlsplays a mueh more marsed negative
rolationabiy., Under these cirowsstences the slight
positive rglation sheown by e inssulaled group ia
peabably & veaul’ 9f ihe chance combinatiun of eaparinontal
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varisblon, and theorsfore unraliabls to uae as & basis

for conelunions,
(7} The data ralative to Figure 5 has been previously

‘disoussad under (2),
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(Ba,®) The Pasrson productemcment coeficcisnt of
correlation batwesn the fixed and propared total
vmtricular weight and bedy weight et deatk we find
%0 bs 76 £ .2 for incculsted and .90 § .2 for sontrel
M. The sans coeflicients for fixed and prepured left
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ventricular waight to body weight ave .61 £ .2 fow
inoculated, .93 { .2 Lor control amd .9} £ .07 for
normal doge. Gines in all cases the value (r) le
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practically 4 (P5) 1% enn o concluded that a very definite
ponitive rolationship sxhiste betweon theee fagiore., Tha
conmen faetors in tese mespurensnis we ind to be 66 to
877 of the pessible tetal, and suchk percantages indieate

e ;cln&lvala*hldh degres of slimination of avoidable
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experinsntal erveor in the entire series,
(8e) Pimed and preparsd left ventriculas te #ight
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vantricular weight ratios have an interrelationshiyp
represented by & (r) of .66 § .2 for inoculated, .52
&L «% for contyel, and .95 L «% Tor noveml dogs. These
figurse show a defindtely positive relationanip, dut
of lens degreg than shown by the ratios banad upon
body weight figures, The commen faghore are estinated
at & winimun of 497,

{8d) Heart weilght to body welght reatie and percentags
of origin.l bedy weight loat during the axperimental series
have basn made the wariable fagtors in a Fearson produgte
moment cosfféclent of corvelation in erder to dutemina
whothor the greater weight doas in body weight in inoculated
doge is responsidle for the rasultant heart weight to
body waight raties, The following evefficionts of eorrelation
express the findiags:

I {») 804 .15 287 common factors
€ (») .31 .18 187 common faetors

An intorpretation of these figures indicates that there
15 & slight positive sorvelation between heart weight

to hody welght ratioc and parcontugs body welight loss,
grentar in the imoculated than in the comtrol sorise,
The wncomaon factors are markedly predominant in these
variables, aund are in such exeess that the comgn wvalues
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bear itile significant relationshdpy to each othaer,
Murthor enloulations by both the author aud e, ¥, B
Grifrinl? huve proved that the increase in hoart weight
50 body weight satio oan be mors than acoounted for by
bum greater percantags body welght lews in the inoeulstad
doss. These caloulations nay be swmarized as follows:

IHOCTLATED DOAS

Probubility that Coubined probability for
Heart Valght Inoeulated dogs that
increased Neersaged Heart Veight
« 06066 - 23034 snoveased Dagreaaed
lm‘ Qm = ;, ‘
00639 « 99361 1.274 x 10 1.534 x 102

« 04006 80694
«ORGOG 97500

o 35560 04431 fatie of likelihood in faver
«B0071 « 90930 of deerease for all as againgt
63685 36317 inereass for all
26774  .71366 P8 E e+ + wrtaaten jru
« 14007 «83993 :
Probability that Conbined probability for

Hoart W 1 all Centrol Dogs that

roased Decranmed Hoart YVaight
26354 +»B3646 Increased - Decreased
o : ;
. : 560 x 10 1.191 x 0~
70884  .29116 . )
lases ot =
. o & Mwtio of likalihood in faver
00734 « 99266 decranse £ 11 againgt
10745  -aoesy tnereaassy for sll &

o e :
15150  Cg4nso $o358 283 « 763,000

17 Professor of Yathenatics, Reed College
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Yo ars foreed Yo conclude, ns & result of these Figuraes,

that the greater hesrt weaight %o body welght ratio of the

laoculated doge was aigher due te an actunl deerease in

Lis cardiac museulaturs during the exporimantal perisd or

8 ths prependerant weight loss during the asmme timae,

The formsx is at vaviance with ¢linieal findings, and therefore

w3 aepume Lhat the greater pereentage body weight loss of

the tnooulated dogs alfects the heart weightfbedy welght

ratio in such & manner as o vender it relativaly unreliable

&6 a criterion »f eardiae hyperstrophy under our particular

sxparimsntal conditions, The same genclusion may be applisd

%o hoart -aight to surfeace ares ratios, inssmuch as they

are divestly derived £-om body weight at death valuse,

 The abeve conclusions de not deny that the retios have

”o valus as ut;mm af enrdiaec hypertrop.y, but to us

faem less rellalle than sther investigated methods,
(Paybye,d) The reliability coefficients as

shown in Pigure 26 are self-mplanatory, but are

subject %0 the same griticisnm as diocussed in (4],

These figures illuatrate the fallscy of dapanding upon

rough statistical date without careful analysis as o

their exast uininc. The rellability coefficients indicate

& great deal of confidence may bs placed in the hoart

walght 1o bedy welght ratio and other similar ratios, This
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conclusion Is at ?wlmca with the pravieusly given
ovidance, Iz view of thd fact it appears that if
s ratles based ypen bo.y welght =t death were not
unduly iaflusnsed by the variable bPargantuges body waight
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1083, the resuliing ratios would be highly significant.
Under our particular exparinental conddtione Shess same
ratios cannot be wooapted as indieating nearly as great
' uagén of chance that difference is greantor than gere
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a5 thatl actually shown, although «s we haﬁ preoviously
pointad out, & slight posdiive relatlonshipy is present,
Lals venbrigular to right veatricular weight retlo e
imannmm Uy e sbove laetors, and reppwsenis & nore
nearly trus velus of the wseunt of relationshlp setually
presaut. The camnce figures ars all beasd UpoH clhance
#slaction resulting in a 50/100 selection,

(10) Tabls & shows the rosults of eur normsl series
of dogs. A comparisen of thass figures follews:

Our Normals «0077¢ sigma .000276
derrmann's Tormals 00798 sigmm 0001036

Thase Tigures for a gr sup of but ssven doga, in comparison
%0 the largesr series of two hundred d0gs,; show that we
have ayproximated the reported series with & condiderable
dogres of mgouragy. On the hlil‘ of this check wa have
soncluded that ihe normal values quoted by Nerrmann® ape

s satisfactory series, and have therefora discontinued

our series. liorsel walues quoted ars from NHeprmann unless
spepilfically mantioned,

{11) Colwm 7 in FPigurs 1 gives an sstimation of &
four-unit graded systen of sstimeting general runaing
abllity. This was done in order that we might know whethor
ths amount of sxarcine represenisd by the Sotal exarcise
time Lfigures in the two groups wers appreoximatsly equivalent,
Using 1 as the unit Cor best running Wbility and 4 as
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the poorasst, we Lfind:

I 3,54
o 2423

‘hase averags valuass indicate the grougs are largaly
squivalent to each othor in running ability, with a
majority of the dogs running satisfactorily, The poorer
inooulated series running «~Bility, while relatively
slight, has ite most logiecal explanation in the toxieity
85 this group with the gomsacusnt cardiae ambecvasment

{12} Raties X and Y (Colwms 22 and 23, Migare 1)
Fappresont sn wnpucteasful attampt S0 estimate the heart
woight o body wedght ratic at the begimning of the
exporimental poriod by uaing {a) The animals own Lrosh
haart velght at death as & nerma}, on the sepuniption what
of auy single value this represented the bast obsainable
stimate of cardiac weight as the heginning of the peried,
and {B) an average nowmal hewrt waight as raported by
R:xmn‘.. Tnasmuch as #e eonclusions ¢an bs draws from
the resultaat figures, we will discontinus tae conelderation
of thass ratios, A

(13) The tneculated degs ware Bows or loss toxie,
showing were fatigue during the perieds of sXargise,
Artificial respiration was negassarily resortad to on
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inpoulatod dogs st sight saparate timeg, and in no
inatances was this hagesaary with a control deg,

This finding is furthaer strongthoned by the fact that
only 255 of the inoeulated dogs lived hrough tha
seurse of the experimental time, in comrarison to
635,85 af the contrsl serias,

(14)  The wverage durmtten of 1ife in the inceulated
group of dogs was 179 days in compariszea to 202 dave
for the control growp, This six months sariod reprasante
roughly ons-twentieth of tiwe average 1ife of & dog; a
pariod “mm.dmu to about three years of & huwan iifa,
Our appa-ent produsation of an AYarage increass of 157
in the heart, without groas insuflicisney, indicatas
that this pathsclsgic.l procask prosseded comparably te
those cases sesn in the eardielegie clinie,

(15) Cardise deatis from acuse eardise dilatation
Rers sctually known to have ocourred in 257 of the
inosulated sories, while in no Gase did thie happen to
4 control deg, | ‘

(183 The avemmgo welght loss in the conirol series
was 5,9% An comparisen to 19,97 meng the inocculnted
dogs.

{37} Danonatrable apienl alseassas at tha apax of
‘e inoculated canine teath were danmons trated with the
rosutgen plats and by disssction of the Jaws after death
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Eay to Gross Dog Jaw Dissection Plates ‘

PIATE 3
Inogulated Beriss, Dog £ 24, VYpper Jaw,.
{a) Apisal Dental Abscess. ,

In ‘lntaﬁ Sari fR Uppar i
o apriss . /W
b] Apieal Bmiu. cess, ’
PLATE B
Ino tad Saries, ¢ 18, Lower Jaw,
8) Bilysy m,m.
& vﬁmm and 255t 2eint,
s
- ¢ mﬂl Dental Abscess,
g) Infarxior Alveolar Tranch of Trigeminal Narve,
PLATR 97

lated Serdes, Dog ¢ 1. laver Jaw,
h] cal Dental Abscsas,

PLATE 8
t« Series. DNog # 16, lJower Jaw.
eal Pantal Abassass,
filver Aamlgam Pilliding.

PLATE 9
Ino tod Series, Dog f 6, Tower Jaw,
(1) Apieal Dental Abscess sroding outer table of jaw.

PLATE 10 ’

la-tod Bariea, Deg f 17. Tower JTaw,
Apliecal Nsntal Ahme.

I Naerotie Taridantnl Vambranae,

@) Canius Alveoslus,
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PLATE 12
Dog 1l. Contrel Series. Jamunry 20, 1928.

PLATE 13
Dog S. Inoculated Jevies, FNebruary 3, 1928,

Deg 2. Inoculated Series. April 19, 1928,
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(28) The autppsy findings are as follows:

(1) Small dental sbecess; Yery mmall vegetative mitrsl
sndogarditic lesion; Ne further pathology.
(2) Yoderate dental abeeess; Small tative mitra) and

#oriie ondogarditic lesiona; Ye » pathology.
(3) Gmall dental abscess; m.xiu atative mitral and
aortico endogarxditic lesions; Yo r patholegy,

{8) large dental mm.h Modorate mitral and sortie
verrusposs endoearditic lesions; Pilateral hilar

FPLATE A
Dog b,

tuberculosis; Tominal bronchopneumonis; Acute
Cardiag Dilatation, y

{7) Gmall dental absesss; YNoderate mitral and aortic
vegetative and verrusose andocarditic lesions;
wmmm furthsr pathology.

{10) Noderats dental abscess] Very small mitral endocsrditic

scions; No further pathology.

{16) Moderate dental abecess; Nodemate mitral and sortie
varmucose endecarditie lesions; UViesrative colitis}
Aoute garxdiac dilatation,

{22) “mall dental abseess) loderate sortic verrucose
endocarditic lesion; lnmge; Tapawornm,

(24) Small dental abucess; JNoderats verrucose and vegetative
mitral and sortic endocamditic lesions; Maltiple
absgasses An Psgtoralias Majoris and inorie, and
Nectus Abdominds,

(&) ngu dental abocess; OSmall mitral endocardtic lesion;
Tapeworm,

(9) Noderate dental abscess; Swall mitral and aovsic :
vagatlative endocarditic lesion; Jo furiher patholegy.

(17) Hoderate dental abmeess; sSuall mitral endoearditie
ig:g:i s Terminel bronchopneumonia; Acute eardias

on,
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il
14
el

29
=0
31

ZEDOCARDITIH cortRaL
(12) No dental alwcens; Noderate vegetative mortis and
mitral andocarditic lesions; lgerative coliting
e demonstrebde primary focus of infection noted.,

The dog o, 12 was earried in the amtminri“'

until sutopsy was perfomed, Yo dental abbBgespes wore |
saon, and no primary foous of infection could be identified
By & careful neerepey. The eausative organienm is unnown,
Thin dog showed nigns of tomieity during his 1ife, The
heart welght to body walght ratio ehows an apparent sardine
hyperirophy with a vatio of 000965, The apiecal eardiac



FOCAL INFECTION AND CARDIAC HYPRRTROPRY

miscls fibwe dlaneter of this dog is 7.31 nicrons,

This partigular dog was not included in either of
ur series on account of the wnknown nature of the

PLATR 317
Dog &,
Inocuinted Series.
causative oxrgaaism,

(18) Three attemts were mede to obtain blosd
cultures from mbmmmumuwm o
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of the iaooulated Barios. o ovganistes wors fsolated
in any of the wttempts,

(30) The histepathological sxamination of

PLATR 1B
17
Mh??ﬁ Seriesn,

mieroscepic sections fron inocglated dogs generally
showed & mild to mederats degres of patchy pParenchyns tous
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degsnerstion of the individual Libres, which were
obsarvably hyperirophied, Inddvidual cell mucled
were found widch showed irvegularity, yyiaosis, »

PLATE 19
Dog 3 .
Inooulated GCapies,

desper eoncentration of the chremstic material, and in
Solie canss & partial or complets doubling of the mucledi,
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A slight diffuse wandering cell of the lymphogyte
type was Infiitrated in a majority of the speeimens,
baing located particularily fa a poriveacular mannar,

FLATT 20
&
mﬁ“ﬁsﬁ aries,

Plasme cells were occasionslly noted, A slight degree of
:‘attr change, mest marked subendoeardislly, was motsd 3in
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Dog 17. Muitiple swail foow) hasmorshopge in the
nyocardiwa of Dog & wers noted, Thers wers no abnormal
pathological changess noted in any of ihe nyecardial
Matalmim examinations of sections from nmormal or
control dogs. The heart muscls of dog 12 was net exsmined,
(21) Although the expsrimental groups werse fimally

linited to 12 dogas in each series in order ihat the axparimental

natihod nat ba too cumborsoms and unwieldly, tha results
wo have received therefrom appear %o be relaiively relisbla.
Our exporimental error is sstimmted 1o be not over 1,87
on an average. OJur metheds have apparently measured from
49 to 87% of the pousible factors concerned in this problem,
&5 noted under the hwading (Gm,b), Thus our results can
Yo mim to indieats that we have aveided unnecessary
axperimental errors and have reduced ths wnaveidable to
& mindmum, It appears, therefora, that ouw SwantyLour
availabls animals couprised & population suffici antly
large for the purposer of this iavestigation,

{28) ‘™hie work is presented to the medical profession
in the hope that thess exp-rimental resulits will shed
aome Light in the complex field of eardiology. This study,
we Leel, should bo sspecially important to those cardiologists
conaidering tha significance of fooal infection, (eapecially
of the dental wariety) in relation to the poseible etiolegy
of vrganie heart disease in humens,
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3tnazy
Ve have found wilth our expecimental method (1)
& significantly pusdtive relabionship betwesa wnrimmw
produced fosal {dantal) infection and eardiae hypartrophy
45 measursd by muscle esll dismoters; [2) Stress and
strain, in the whsaues of Losal anfection, is withous
Apparent effect in siteving e gross or uimnmn
Surestoristies of the heart; (3) Direet noasurement
of eardiae musele fibre diameter, under our axporimental
sonditions, is & more reliable eriterion of cardias
hypertrophy than any ratie baged on heart waight to bedy
wolght or heart weight %o body ares. The ratio of laft
ventricular weight to right veniriewlar welght 1s apparently
OF the laast pesitive valus of the investigated methods;
(4) The cardiac changes in the imcewinted dogs constantly
showed Yegotutive or versucoss mitral and {or] mortic
ndocarditic lesions, patehy parenchymetous ﬂuucﬁﬂm
Auclesr chimnges, inerease inm the Fnele cell diamster,
and a alight round cell infiltsation. Dental abseossas
wore damenstvated in all insculated dqgﬁ Theres were no
Bther sonstant sardiae gp axtmoardiae pathological findings,

Taivereity of Orogon Nedigal Sak @l
F’E‘l&“g Dﬂm
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The suther has plessure in acinoviedging the
valuable supervisory assistance given hin by Dy, |
Hoble Wilsy Jones, Clinisal Professor of Jadieine,
&8 co~author in carwying out this remsearak, Iy,
Mol Iammall, Professor of Anatomy, aided in thae
managemsnt of the preblem, N, 12, Valtar Johnasn,
Fhotographer and Y-lay tecimician prapared the
shiotographs, microphotographe and rosntgen plates.

i
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: mgmcul" naiéh‘t‘ to body welght at death ratio;

(%) Plxed ane- Preparad laft ventrioular woight to
body weight 4% “onth ratio; (94) Pixed and prepared
right ve--bricular weight o bedy waight at death ratio;
and ".48) Mixed and prepared laft ventriculsr to right
vesniricular waights; (10) Presh heart weight to body
walght ratioa for our seven normal dege were ealeculated
according Lo the praviewsly daseribed methed,

i€ Sl hivi]

The raw date for all experimentsal animals are
Fapresanted in Oenaral Data Shests 1; 2, 3 and 4,
The column numbars repreaent the following valuen:

Identification mmber of dog,
Cax of m#
nosula (1) or eontrol (C) non-inoculated dog.
Pate-Neginning of exparimantel pericd,
Sody welght at baginning of rimental period,
Total exarcise time in treadnill im ninutes,
Munning ability-'mits of 1 (best) and 4 (poorest),
Daath during course of (C) or end (2) of
sxparimental paried,
mu-m;f amrin;:?l p:::m;. o
Langth 9f axpoerimen par n Be
2 Dody welght wi end of axperimental poavied,
12) Parcentage of original bodynweight lost during
exporimantal paried,
; 13) Ceuse of death.
(14) Averags muscle fibrs diameter-’araffin sections
from apex of left ventricle, in micrs,
(15) Average musels fibre diameter-raraffin sections
fron lower | interventricular soptum, in miers,
{18) Averags muscls Tibre diameter-Teaged macerated
gata:z;aa fivrea from apex of left veniriels,
L3

+ o5
Fgﬂ g AR e L1 DO B
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Ei.z; Estinated surface ares of dog in s uare meters

"Presh heart welight at death to sssdumated body
surfane area at death ratio, '

(19) Pevesntage deviation of heart weight te surface

arss ratio frou control average.

(20) Presh heart weight at death to body woight at

death ratio,
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(21) Percentage deviation of heart weight to hody

(23)

(23)

walght ratio feon control averags,
Heart welght (fresh) to body weight st beg
of experimental period with own honrt weight
3 “tmit;zﬁomw" ’%'t inning
Teoart wei, : dy we o 3 : : ratie
with asgumned normml (Hcrmirhmﬁ welght
taken as standard,
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POCAL INFRCTION AND CARDIAC HYPERTROFHY

{24) 7Pixed and prepared left ventrisuler welght to
right wventrieular weight. -
{28) Yresh total heart weight at death,
{26] 7ixad and prepared total heart weight,
;.37 Frosh heart welght to body weight at death ratio,
28) Pixed and prepared total vamtricular weight.
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{20) Pixad and prepared tetal ventrioculay weight

to body welight at death ratio,

(30) Mixed and prepared loft ventricular waight,
(31) 7ixed snd prepared left ventricular weight

{35

$0 body waight at deathk ratie,

32) Tixzed and prepared right ventricular welight.
Tixad and prepared right ventricular weight

%0 body welght atd sath mtie,



