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Introduction. 

The present article is one of a series planned by Pro

fessor Franklin P. Johnson describing the anatomy' of the 20 

mm. pig. This series, it is intended, shall supplement the 

descriptions of 'the 12 mm. pig by F. T. Lewis (11), and that 

of the 7.8 mm~ pig by F. W. Thyng (18). .In this paper is 

described the anatomy of the heart and its vessels, particu
)7 

1ar attention being paid to morphology. It includes des-

eriptions of the form, size, and position and relations of 

the hear~; its chambers, valves, atrio-ventricular bundle, 

and coronary vessels. It was first intended to include the 

whole vascular system, but a description of the peripheral 

vessels has been deferred to another paper. 

F.or the basis of this work, embryo No. 1702 of ~he Har

vardEmbryological Collection, which was kindly loaned by 

Professor c. W. Minot, has been use •• other em~ryos of ap-

prox~nla.tely the same age havecone.tantly been referred to. 

The torm of the heart and ita:· various parts have been 

portrayed by means of wax reconstructions .made by Born's re-

constr~ction method. 

.lowing modele: 

These reconstruction.s include the fol-

1. 'The whole heart and its vessels. (Harvard Embryol:0gi-

oal Colleotion. No. 1~02). 

2. The cavity of the heart. (H.E.C. 1702) 

3. A disseotion of the heart showing .. the coronary ves-





sele and the atrio~ventricular bundle. (Univ. · of 

Mo. Embryological Collection • . No. 1.15) 

4. The tricuspid valve. (R.E.C. lla. 1702) 

5. The biouspid (mitral) .valve. " 
6. The sinus valves. n 

7. The aortic valve. " 

8. The pulmenary valve " 

Many embryos were dissected under the binocular miero-

'scope, and media~ ~Qgi ttal ,sections made of others, to, clear 

up points not 'obtainable from serial transverse sections. 

In the case of locating the p,osi tion of the heart, cleared 

embryos were used. They were first halved in the median 

sagittal plane with a sharp razor, and the cartilages stain-

ed wi th me.thylene green. This made possible an easy and 

ready means for the determination of the point desired. 





In addition, disseotions and injections of the heart 

of the adult pig have been frequently examined,. The cor-

onar'y arteries ' were injected from the aorta, the aortic val

ve being olosed by the pressure exerted on it. The coron

ary sinu~be1ng tied off close to its entrance into the right 

atrium. Colored ,celloidin, red lead, and colored gelatin 

we,re used as injection' masses. 

obtained ~ith the first. 

Best results, however, were 





External~ Form •. 

The heart; a"s "can be Been in: Fig. 5, is shaped some-
t , • • 

what li}re an egg" but is rather irregular and flattened 

from above downward". 'It may be described as having an ';,J 

apex,, ' a. base, and , two surfac"es - inferior (caudal) " or dia-

1?h:raBma,tic, and anterior (ven~ral) or sterno-costal. 

Encircling the heart at almost right angles to its 

long axis , is a de~"1P groove ('sulcus coronarius) which sep

arates the heart into two definite portions, a dorsal 

(atfial) and a ventral (ventrioular), (Fig. 12). Each of 

these is again divtde'd into two halves, aright and a left, 

by more or" le.88 defini te~ongi tudinal grooves. The Repar-

stion of the ~tris.l portion is mar~ed externally, at the 

base of the he'~rt oAly,. by a defini te inter-atrial groove. 

The dtVl.s.-ioD ",of :)ths ; ventricular portion is accomplished by 

twolongitudlnal sulci, one on" its a.nterior and the other 
. . 

on its inferior surface. These, however, "are continuous 

to~':;~he "right of the apex of the heart. 

Ap"ex cordis:- The apex of thehe"art is directed ven~< 
~"" 

tre:lly. It is . a "blun t).y ': rounded prominence which serves 

"" aft'.. the meetirigpl~ceo~. the sterno-costai and diaphragms tic 
i; 

81i.ttaeee t " ~nd ·is f'ormed entirely by the left ventricle, the 
',- "·i· ., ", ", 

longi t'tia. .. inal sulcus running to its right, '(Fig.,B). 

Basis co~ale:;, Th"e, base , of the heart,- as is S?own in 

"' F~g. 6~ is rela"tlvely smaller than in theadul t and may be 





desoribed rOl1ghlt as square. The opening of the right an-

terior cardinal vein (later the right pu})erior vena cava) 

is situated at the upper angle of the ·square on the right; 

that of the int.arior vena cava occupies the lower angle of 

the same sida. The right side of the square is formed by 

the ' right margin of the sinus venosus. The left side is 

t:ornied by : the lef,t .superior v~na cava, which, in order to 

r ,efloh the :Sinusvenos-us, bends at right angles to the right, 
. I . 

: th~e , form1ng" .t~e l~:wer left at1g1eanq. the inferior side of 
. , 

, . 

the square ,~ 'Th'e' upp:er side Of the equare .is formed by the 

continu:ous superio):' borders of the two atria. Between the 

right supS,riOT vena cava and the inferior. vena cava. and the 

left superior vena cava, is a broad groove. In this groove 

~un the small p111monary arteries, ~d in it, just to the left 

"of the poiTit whe're the ·inferior vena cava empties· into the 

right . a.trium, the short trunk of tho pulmonary veins enters 

the hee.rt~ In this groove will later appear the inter-atrial 

groo,ve~ of, :the sdul t. 

Superiorly to , the above described square. the aorta and 

the p:u.~~~na~yardh arise .. from the heart, asean readily oe 

~l'eell inFl~·. 6. _: Tl\E'H~e e~'tena. upwa.:rd· alid then aroh backward 

·&'ri'ddownward.t~:nd' : pa~'e ;dO:t"8.~1 'to the- base of the heart. The 
, ' , - '+", - ,' , ,,' ' ,. . ,' . ' • 

stn:gl~ ,, 1rruri.k()f·:~hE) 'ptilmona.ryart,eries leaves the inferior 

sur:fa.ce ' o;~ .,: ltll~' · pulm~na.ry : archabout its middle (Fig.6). The 

',l'e1ation6:e~;:: t,li~ ; ":pi1Xino,nal,'~ ., arch , to the aO.rta wi 11 be desert bad 

,;~J.; • . ter·.·; 





Faoi$S' diaph;ragr;tatioa cordis:- The diaphragmatic sur., 

face, as seen , in Fig. ' 12, is formed ,by the ventr~cular part 

of the heart. ' It is divided into two unequal areas, the 

left being muoh the larger, by an oblique groove (the infer

ior interven~ricular sulc:ua) which runs from the right pas": 

~ t~riorly (dorsally) to the left anteriorly (ventrally). 

This surface is separated from' tho base by the inferior oor-

oriary sulcus. 

I 'Faoias ,sterno-castaliA dO:rdis: - The sterno-costal ' sur-
" .... ," J;ri 

face is direc'ted upwa~da and anteriorly. It, too, is form-

ed by the ventricular part of the heart, and is separated in

t9 two areas, the rigl1t being the larger, by a groove (the 

anterior 1nt-erventricular sulcus) which runs from the left 

poste~iorly to the right anteriorly, ann ~ites with the in-

feriorinterventricular sulcus around the 8p-ex. It is, like 

the dlaphragmatic surface, sepa-rated from the atri'a '-by a. por

tion, tne 'anterior, of the coronary sulcus. (Fig. 5l. 





.Size .' 

In determining the size of the heart, a. number of 

points have been considered. These are:- measurements in 

various directions, weight of the heart, tho volume of the 

heart, and · therelativ:e weight and volume of the heart ss 

oompared wi th those o'f the entire embryo. 

Dimensions -The measurements given below were reduc

ed from those obtained from a wax model of the whole heart.

Len~hf : · >~r()m ,~~e~ to base (ventre-do'real) •••• 4.495 mm • 

. Breadth, ' froll ' s,fde to side, measured thru 
. the wfd~e t part •••••••••••••••••••• 4. 155 mm. 

Thickness, (cephalo-eaudal) measured from 
, the highe'st p.oint on the ·sup'erior , 

surface , of the heart to the lowest 
point ot the diaphragmatic 8urface •• 3.266 mm. 

Weight - In order to obtain' the weight of the heart and 

the re'lation of it to the body weight, a number of embryos 

were first weighed, and then their hearts were dissected out 

'under the bino,cular ,miorosoope, a.nd weighed in turn. 'The 

. , .'t 'oi,iolVin'g .f1gu.res ' wer.e, obtained:-

Embryo No. Weight. ?'eight of heart Peroentage of .bodi, 'WGight. , 

1 

2 

3 

,4: 

'1 \" 

: ~~erage ' 

1.390 ' g. 

, 1.4Ql g., 
" ~ to:' .: 

l.416 ,.g., 

'1.42~ g:. , . 

1.512$'. 

. ':~;;,4~,l:g •. \ 

. • 053'8· ' 

• '04'1 g. 

.048- g. 

. .062 g~ ' 

• O~6g~ ' .. 
. " " ", ~ .. \ 

~OSlg. 

3.80 g • 

, 3.35 g. 

3.36 g • 

. · ~. , 61 g. 

3.71g • 

·8. fSI<: g.' .. 





Volume - The 'volumes of the body and heart were ob

tained as fo11owe:-

Vol. equal~ 8pecific ' gravi ty.· 

The Bpeoif~o gravity of the embryo was determined by weigh ... 

, ing it in and out of water. ' 

Specific gravity equals Weight i.n air 
L08S of weight in water 

The specific gr&vity of the heart was obtained in the same 
.. 1 

manner. The volumes of the embryo and heart were ca1cula-

ted from the above ' formu1a. 

Weight Sp. gr. Volume. 

of embryo . . . . . . . . . . 1.4:Z1 1.112 1.2870 0.0. 

of heart . . . . . . . . . . . 0.510 1.114 0.·0458 c. o. 

Percentage of body volume •.••••• ' .................. ~ .3.66 

The 'above figures were checked by determining the vol

ume of the embryo and the heart (model) by . displacement in 

water. The r~sults obtained by' this method: follow:-

Vol • . of embryo ................. ~' •.••••••••.•• 1.2660 c. c. 

Vol. of model -4046 c.c. Magnification -
45. Vol. of hea.rt •••••••.•• 0.0444 c.o. 

Peroentage of body volume • . ~ •••••• ~ ••.•••• ,~ ••••••• -•••• 3.51 

Aeeeen from the"abov,e ~abulations. the volume as obtained ' 

by the two ,metho.ds .var,y. only O,.06peroent. 

Jarik~on (9) gives the following p~rcentage8 of the vo1- , 
. . 

.J 'umeof the he'art aa ' compar:ed with that of the body .for human 

, embr.7~S : - '. 





Age or l "ength of embryo 

11 mIn. 

8 weeks 

17 mm. 

31 mm. 

Percentage of body volume. 

3.64 

2.50 

1.71 

, .1.32 

It is to be seen from these figures that· the 11 mm. 'human . 
more nearly co~responds to the 20 mm. pig. It must be s.dd-

ed. nowever t that ' I have included the cavity of the h'eart as 

, a part of its volufue~ Jackson does not state whether he did 

or not. 





Position and Relatione. 

With re8peo~ to the vertebrae, the position of the 

heart may be defined as lying between the levels of the 

intervertebral discs betweerl the fifth and ~1xth cervical 

vertebrae a:bove, and the" fifth and sixth thoracic verte-

brae b'elow. This oan be .. demonstrated from both transverse 
, . 

and sagittal seotions. The heart,'therefore, extends 

through seven vertebral segments • 
. ~ '.- ~ . 

With re~:pect to ~urface marking~ of the embryo, the 

"heart lies ~ lightly to the left of' . the median plane. A 

. plane passing through :.the ·oaudal . lines of tho fore-limbs 

would almost out · throil.gh its mi~d1e •. 

The apex points almos~ directly ventrally, while the 

whole organ is tilted. R11ghtly to the left. The struc-

tures on the right e~de are, 1;herefore, a little higher 

than those ' on the .·left. 

Dorsally, the b$se ·of the heart · is separated from the 

vertebral column in the median line by the oesophagus, 

trachea, aorta ,and trunkA of th~ pulmonary arte'Ioias and 
. . ' . . . 

veins; . while lateral1.i lie ths ,superior vena cavae, vagi , 
. " . .. . 

nerves', 1l1l'l:se, and pulmonary arteries and vein~. The ·bi-

fUl'cation of the traohea is found at the level of the body 

of th.a .folU"th thoraCic' vertebrae. A short distance above 

the diaphrllgll, anda-.1itt1e to the right of the mid line, 

the inferiOr vena fjava a1-so lies between the heart and the 





vertebral column. 

The diaphragmatic surface rests upon the.diaphragm 

which in tUrn separates the heart from the liver. 

Ventrally, the sterno-costal surface is in relation 

throughout its extent · to the body wall, the pericardium 

and peri~ardial cavity intervening. Laterally, in its 

upper part, this surface is- also covered by the bod~r wall, 
\ 

but in its lower part it rests against the diaphragm. 





Atr1a;· ~ Tho atri.~i Of the heart taken together may be 

like~ed tc:>t.hashe.peof ~bowl,- the conca.vity of which is dt.., 

reoted~or"t_de.n~ _ cape_ thepoeterior ends of the ventricles, 

-They e.re 01 about the same size and shape. 

Their walls are this, and thrown into folds. That portion 

which will later becometheaurioles if: well developed, but 

l~ttl~ indioatiori o~ differentiation into these structures ' is 

apparent. 

The d.i vision into right and left atria., as can be seen 

from Fig's. 3,4,6,& 7, is marked only on tho inside of the cav

ity. It is formed by two membranes, the septum atriorum and 

the septum secundum. The former lies inferiorly and i8 form-

ed by the septum primum and the left sinus valve (Fig's. 3,4, 

& 7). It extends from the ventral wall of the atria. a little 

to the left of the interventricular septl~, almost directly 

backward. It closes the inferior throe fourths of the origin-

al aperture between the two atria. The septum secundum is 

present as a slight ridge on the dorsal arid superior walls of 

the cavity (Fig. 7). A large foramen, which has been termed 

by former authors the foramen ovale II, thus remains between 

the two atria. There is muoh the samecondi t :Lon present, 

there ore, as desoribed by Tandler (16), l~ll (12), and Born 

(~). in the human, in that which Tandler calls the third period-" 





of development (including embryos 10-20 rom. vertex-breech mes

surement). 

'Atriwn dextrU1J1:., ' The rights. trium, as shown in Fig. 6, 
, " 

receives' pcosterto,rlf the right ~up~rior vena cava from above 

and the in~ferlor vena~ oava and left- superior vena cava from 

below. It is cQntinuousveIltrally with the right ventricle. 

an its left, superiorly it is related to the ascending aort's. 

;. '"sulcus terminal1s " , is fairly distinct., It is a shallow 

groove which run, fr~m the left side of the right superior vena 

cava to the left side of th~ i ,nierior vena cava, and marks the 

j-q.n~tion of the primitive sinus , venosus with the atrium proper. 

The interior of the right atrium is quite free from mus

cular bundles (mueculipeotinati) except in that portion whl,ch 

is to become theauricle,crig'e. 1,2, & 3). Here the inter- , 

ior' of the: atrium is traversed. by a number of the 'small verti

cal musole oolumna • .:. 

At the superior and dorsal part of the oav'tty, is the 

aperture of the right superior vena cava, opening into the at-

rium between the two ainuB val vee. At the inferior and dorsal 

part of the cavity, the inferior vena cava opens into what is 

stIll a POI'S iete nt pa.rt o.f the S iXl'Q.S'. Itea.perture is guard-

eq. also by, thatwc, sinus valve., the left one of which is par-
I ' .' . " . 

-t iai1yfused inferiorly. ,w.iththe septum primum~ forming the eep-
, ' 

tum', at:r10rum. . Ooming froDlthe laft.- as shoWn in Fig. 12 t the 

lef.~superlor , vena~~':f'a. '9pena into the sameportio,n of the e.t-





' rtum as the inferior vena cava, but- directly ventral to it. 

The ooronary valve (valvula Thebesii) is not set apart as 

such at this stage. Ventrally, the atrium empties into the 

right ventricle through the atrio-ventric~lar orifice. This 

opening is guarded by ' the tricuspid valve. Its description 

will be taken up in oonnection with the right ventricle. To 

the left, as described before, the cavities of the right and 

left atria communicate throll.gh the widely open foramen ovale , 

II. 

Valvulae venOS8e:- As seen in Fig'S. 4.&.7, both the 

-right and left sinus valves are thin but prominent. Super-

torly, they meet and fuse, and form a ridge (septum spuriwn) 

whioh runs very obliquely to the right on the dorsal wall of 

the atrium. The left valve is narrow in the dorso-ventral 

direction,but long supero-inferiorly. Whereas in ,earlier 

stages it lies within the sinus venoeus, it novi p~"ojects well 

into the r1ght atrium. This condition has been brought about 

by an inorease in the size of the atrium at the expense of 

the sinus venosus. Thus the former walls of the sinuS now' 

,'enter into the dorsal wa.ll of the atrium. 

Inferiorly the left ainus valve is fused to the 8~p:tum 

pr Imum , but above this there is a deep slit~like space between 

the two. To this Tandler (16) has app1ie'd the term "spatium 
, ~ intersepto valvulare '~ With the formation of the foramen 

ovale II ,&coording,:"'to .:,Tan,dler, ' this spaoe gradually d isappeare 
\ '" r I 

I 

~,~~furt~er fusing of t~e' ,left sinus va.lve with the septum 





primum. The upper and middle portions of the valve are ob-

11terated at the same time, but the inferior part i8 joined 

by the sntero-inferior prolongation of the septum secundum, 

and, takes part in the formation of the free border of the for

amen ovale II. 

The ~ight valve is somewhat thicker and broader than the 

left. Beginning with the se:ptum spuriull1 superiorly, its fix-

ed border is a ttsched all along the dorsal and ventral \"':al18 

of the atrium. It ;forms the right wall of the sinus venosus. 

No indication of its separation into Eustachian and ~hebe8ian 

valves, which aceording to Tandler (16) it gives rise to, can 

be seen at this stage. 

Atrium sinistrum:- The exterior 'of the left atrium c108e-

ly resembles that of the right (Fig. 5) '. It receives, however, 

as shown in Fig. 6, only a single blood ve8sel, the trunk of 

the pulmonary,veins, which enters its dorsal surface. 

The interior of the left atrium is smooth, except in that 

portion which is to become the auricle (Figls. 1,2,3,&6). As 

in the right atrium, numerous musculi pectinoti cross the cav-
• 

ity of this ·part. 

Dorsally, in the line where the dorsal wall of the left 

atrium meets tho inferior' wall, and very close to the septum 

atriorum, the small thin walled trunk of the }1ulmonary va ine 

enters th$ \lavi ty . (Fig.6). Although this is short, almost 

immediately spI! tt,ing into two branches (right and left) , it 

enters 'the atrium as a single vessel, According to Tsndler 





(.16), this short trunk will In tel' disappear by becoming fn

corporated in the posterior wall of the atrium, so that there 

will be two v.eins opening into the atrium. still later, he 

states, these two branches will be absorbed as far up as their 

bifurcation, and then . there will be four veins entering the 

atrium. ~hyng (17) reports, in a human embryo of 17.8 n~., 

two pulmonary veins op~ening by separate orifices into the left 

atrium. 
. 

Ventticull ~: - The ventricular portion, which forms 

the greater part of the heart, lies · ventral to the atria~ : ,'As 

seen -in FiglS. f$ &,11, . it .is roughly the' shaJ)e 'of an egg, the 

pointed end of which is the apex of the heart. As stated be-

fore, it is separated into right aileft halves by a definite 

groove ,interventricular sulcus, which lies on its 8ul")erior 

and diaphrsginatic Burfaces, · and pa8ses to the right 0:5' the apex 

( Fi g' s. 5 & 12). 

left ventricles. 

This groove m&rks externally the right and ' 

Internaily, the ventricular portion of the heart is 

divided into right and left chambers by the interventricular 

septum (Fig's 2 • 3).. This lies in a plane which is almost 

parallel to the vertebral column, 'but is directed obliquely 

f~otn t~e ·left aide dorBl3.11y to the right ventrally. In this 

embry~ it is a thick partition composed of numerous developing 

.1Ilu.~cle ,.fi·bere .. Its development has been described by Mall (12) 
1 . 

and othere, who agrtfe that it arises in connection wi th the 80-





.called endocardial ~cushnyns-·-e:n1l"-s -Erptmn--a-orto-pulmonale. As 

oan be Been from Fig's. 2 & 3, this · partition is not solid, 

-but is perforated by numerous small sinusoidal channels which 

extend from one ' ventrioular cavity to the other. These chan-

nels are very small, and take a tortuous course. In a 17.2 mm. 

human embryo, Ma.ll describes a · single interventricular foramen . 

which is scaroely, '0.02 nun. iridtameter. The channels which 

I find are not so large, ,but their abundance is very striking. 

Continued dorsally and inferiorly, this partition 

separates , the left ventricle from the right atrium. That 

portion which lios immediately inferior to the developing 

tricuspid valve has been named by Hochstetter (8), the "sep-

tum atrio-ventriculare". This septum, according to Hoch-

stetter and otherR, together w~t~ the aortic ~nd interven

tricular septa, form8 the septum membro.naceum ventr.iculorum 

e£ the adult. 

Ventriculus dexter:- The right ventricle haR the 

shape of a half-co~e whose base is rounded ( Fig's. 5 & 12). 

Tlie part which marks the apex of tho cone is the orifice of 

the pulmonary aorta. · It i~ directed dorsally', Auperiorly, 

and a little to the , left • . The part which corresponds to the 

base is the diaphragmat·io surfaoe of this ventricle, while 

the part whioh corresponds to the cut 8urface of the cone is 

the interventrio~larseptum. 
, ( 

Thecavlty :' of- the right ventricle is in the form 

\Of ' ~," berit " tube c·Ol1s1.sti:ng of ' an infe~ior portion ' into which 

':~h,t" (\trio'~yle,nt·ric1.l~,r ori:fi~e opens, and of , a. SU'P$riOr por-





tlon, conu8 ,.rt·e~d'BttA (~, " w~ich t 'srminates in the pulmonary -

The ' angle , between the two , limbs is, form'ed 

by a thick l~dge of muscle, ~hich, in the adult, has been 
, ! 

termed the "eup'ra , ventricular crest". The inferior por-

tion is narrowe-r in, transverse diameter than from above down-

ward, being similar -in this respect to tho 81it-like atrio-

ventricular orifice. Ventrally, at the bend of tho tube, it 

beco-mes larger, and oonnects wit~ the suporior portion. The 

latter narrows,: raDi?l~T into the fUnnel-f.!ha})ed infundibulum, 

wh ich te~in!ltes in the , pulmonary aorta at thf: pulmonary valve. 

The -r'~ght atrio,-ventricular orifice appears from 
C,_:- J- ',', , '" ' , . " 

the atrial side as a narrow Y-shaped cleft. It is guarded 

by tho tricuspid valve which is better seen from the ventri-

c1l1ar side. This consists of , two distinct irregular flaps 

of hea;rt ' tissue, the medial of which is the thinner, lying 

one on either side of the ,cleft. , Both of these come to-

get,he-r inferiorly where they areattache-d to the posterio+, 

Pflpillarymuscle - Mall, (12). Tandler (16). The free bor-

derof "the -lateral is jOinedtowa~d ' its upper part by a large 

band of muscle fibers, the anterior papi~lary muscle - Mall 

(12). Tandler (10). ... which c()nneo~.s it to the ventral wall 
. . , ... . , 

,of the verJ.tricle. , The medial haa i t~ ,free border joined by 

, a smaller b:undle o ·f~u.~cle fibers which spii ts sending Rome 

, fibers ' to ' the ' interventriculc:r septum and others to the anter~ 
. . . ,: ::, . 

, io~p8.p111arY niuscle. ", Exten~ing inferiorly from the upper 
"'} ' " ' , " . 

:;pa.x~t();f , th-e la;t,er~l valve t isa narrow flap of tissue • This 





It is this 
. , 

.flap which ;dt videsthe upper ps:rt of the ' atria-ventricular 

cleft int'o two limbs giving it its above deseri bed shape •. 

Mall (12), 1n' describ1.ng' the development of the tri

cnspl.dval ve in the human embryo t says that co rrectly epeak-

'1rl..g there; , is ' no tricu.spJd ,valve. He states,. "Both are bicus'!'-
'~' 

pid with medial :$.ll;d lateral cusps. Both are tied clown by 

two muscles, . th8~WO papillary ·muscles on the left side t and 

the , large papil1"ry~usQle and the median tendon on the right." 

Htstateefurther, . "~t any rate, the right and left ostia of 

numerous hearts .f "human ) :1~8ethan 20 mm. long are slit-like 

and similar , so that ' it , ls' 1mposElib,le to state t·hat one is 

encircled by a triouspid valve • . ' Eaoh' is bordered by medial 

andlatere:l valves, and each ~e~ial and lateral valve is bound 

to theventriole by anterior and posterior papillary musoles" • 

. The position of the pulmonary orifioehas already 

been noted~ It is guarded by the pulmonary valve which, as 

is shown in Fig. 8, is oomposed of three cusps, · two of which 

are placed supe.riorly 'and one inferiorly. The outer border 

of each valv$ is attached to the wall of the' pulmonary aofta,' 

while its inner border is \, fr-ee. ' At this_tage tho cusps are 

th 10k walled t but ea'cn .~hows a,defini te bulging toward the 

ventricu~B.r .cavi ty t and apoo~et away. from it, indicating 

theirca'pabili ty of preventing a. back-flow of blood from the 

aorta. ' 





From the ' pulmonary oritic·e·, ·t:qe pulm.on!Lry aorta. 

arches ba.ckward and inferiorly to empty into the descending 

aorts ' through the' left pulmonary arch at a point a little be- . 

'low the level of the left subclavian artery (Fig.6). ·. Its 

lumen ls large, having about the same d.iameter as the ascend-
l .. 

ing aorta. About two thirds of the dietance from the pulmon-

ary orifice t 'o' the point where the · left pulmonary arch empties 

into the descending aort'a , it goi ves off the sing-Ie small trlUlk 

of the. pulmonary arteri~ s. According to Fedorow (6) . and Bre-

mer (2), the superior part of this trunk is formed from the 

original left pulmonary artery, which the inferior part is the 

fused left and right pulmonary arteries. Bremer describes 

in tho 20 · mm. pig a small persistent portion of the right pul-

monary arch branching from the left pulmonary arch. In nei"; 

ther· of the embryo~ of which I have made a careful 8~udy, do 

I find this structure. That portion of the left pulmonary 

arch between the point where the. trunk of .the pulmonary arter-
, . 

ies is given 'off and the aorta is known as the truncus arter-

iosus (Fi'g. 6). 

The cavitY , of the right ventricle is smooth in the 

region of the conus arteriosus, but.it is in all other places 
'. filled up with a spongy mass of muscular bundles. the trabe-

culae carnae ( Fig's. 2 & 3). Twb kinds of thes~ are recog-

nizable: musculi- pectinati, which are of varying lengths and 

attached to the walls of thev'"entricle; and the papillary mus

cles, which have one end jOined to the valves and the other to 





the ventrioular" wall. ""One particularly large blmdle, the 

moderator band, passes from a point just ventral to the me

dial cusp of the tricuspid valve, ventrally; to the right 

ventricular wall (Fig. ·2). In its 8ubstance the right limb 

of the atrio-ventricular vund1e, and a small branch of the 

left coronary artery are found. These will be described 

later. There are two papi1.lary muscles pre~ent, the anter-

ior and the posterior. 

Ventri~ulus sinister:- The left ventricle is con-

tinuous dorsally with the left atrium with which it communi-

cates thru the ~itral orifice. Seuperiorly, and to the right, 

it is con~inued into the ascending aorta which, after pa88ing 

under the pulmonary aorta', turnR superiorly, and to the left, 

to produce the .aortic arch (-Fig's. 5 & 6). 
. . 

/ As viewed from the ventricular side the left atrio-

ventricular orifice i~ somewhat similar to the tricuspid, but 

is inverted (Fig's. 9 & 10). It consists of two definite 

flaps, a medial and a lateral. Both of t4ese are fused to

gether above and below where they are joined by the papillary 

muscles, the anterior and posterior respectively. The free 

borders are concave anterio .. rly. 'Tpe medial cusp, between its 

two attachments, . i~ free, and forms the medial side of the ori

fice along i tt:"l whole extent. ' Pro ,jecting medially and super

iorlyfrom the lateral valve. is the beginning of what appears 

to be a t~ird flap (Fig.9). . The significance of this flap I . 

am unable to determine. 





Mall (J.2)' , Tandler (16), and others describe t 'he 

mi trsl orificei' "in the human embryo of about thisstuge of 

development 'ss a slip-like cleft guarded by a valve consist-

ing of two ' cusps. No indicat·ion of the extra flap which I 

have described is shown by them. The atrial surfaces of the 

valves are smooth (Fig.9). This is true also £or the ventri-

culs"r surface · of the med lal valve along which the blood -passes 

to reach the aorta (Fig.lO). However, the ventricular sur-

face of the lateral valve shows some indication of roughness 
I . I 

produced by the attachment of chordae tendinae. 

The cav~ty o~ the left ventricle is separable into 
. , 

two portions, the body and . the aortic vestibule. The former 

is by far the larger part of the cavity, and includes all of 

the 'space to the ~ft of the lateral valve and ventral to the 

~rgins of both cusps. It extends down into the ' apex, and is 

filled to a ,large extend by trabeculae carnee. The two large 

papillary muscles above descri bed are attached ventrally to . 

the ventrioular wall in the regi.on of the a,pex. 

, The aortic vesti bulle li~8 entirely to the right of 

the medial cusp of the mitral valve~ and is, in its inferior 

par.t, separated from the' left atrimn by the. attached portion 

of this cusp (Fig ' s. 6 & 9). Superiorly, the vestibule pass-

" es dorsally to the right, and ~omes to lie directly superior 

to both a.txia in the region of tho septum atriorum. The 

walls of its cavity are smooth. 

The aortic orifIce is guarded by a semilunar valve 

~pn,~'isting of three cusps exactly like those . of the pulmonary 





valve. Its cusps a~e placed, however, so that there is 
I 

one superiorly and two inferiorly. On the aortic side of 

the cusps are ~mall pockets which are known as the aortic 

sinuses and from which arise the coronary arteries. 





4.ortle ,'s.:rch and its : branches: - There is but a S in

gle definite ve8~el'coming off of the aortic arch ' (Fig's. 5, 

6, ,& '11). This ,immediately splits into two branches, an in-

, nominate, which passes to the ' right and very shortly di videa 

into commC)n ,carotld a.nd right subclavian, and a left common 

cs'rot ide The left subclavian, comes off a little below the 

junction of' the ductus arteriosus an·d the ' descending aorta 

.(Fig.6). In connection with the aortic arch sh()'uld be men-

tloned a small :pocltet, which extends upward,. and ends blindly 

in its wall. ' Several simi::Lar small pouches were found on 

the PUlmonary aorta t" in front of the ~ulmonary . valve (:B'ig~ 6,) • 
, , 

, The signiftcance of 'those I -am unable to determine~ 

..... Fromth.~ ·forego1l.ng desoription, it · is re'adfly seen 

that , the separat:lon of~,he " eyetemd~ :'.and, :pulmonary 'aortae ,the 

proc"e,ss o;f( whtoh has been fully described by many writers t 

is o()ri1Pl~ted. 

The atrio~ventricular bundle:- Thcatrio-ventricu-

1ar o:und1e, as is shown in ~'ig' S ·. 2,3, & 11), in the 20 mm. 

pig is e. definite structure which stands out di'stinctly, in 

cross seotion, beca-q,se of the spaces which . surround it. As 

Tandler (16) ' deecribed, "itis · di~tinguishablo even under low 

powers by ,its 'staining properties n. 

4, itE? nuclei a.re ,de:rk" and the prot'oplasm of. its cells stains 

faintly with. eosin. The S~8oe8 .·which surround it, according 
• t, ~ 

to ·,Ma:l1 ·( 12) t " evid9n tly pers tst in the adult, and ,form poss i-
" . ' ' .·:1 . 

~l~. , the ' ·,bur:ea of, '.the btmdle - Curran (4). - and · the spaces 





,which enoirole .the,: Purki,nje ~ fi be.ra., ' In addition , I find i-B

certain sect1oW,38,small round canal near the center of the . 
bUndle, :th'e ei~tftcance, ' o'f which I , am unable to determine. 

T.h~: . a:tr'f:O-':v8:ritrteular' bundleha.s i ts 'Origih1nf~r'" ' 
, . : . ' ~ , . . . . . .. " : . , .. . • • '.! . I " ': 

!d.riY, · . ·~itl;.,: -t:be:-: _~',e,\, ' ()'1t ~l88U$ ",111rig',:ventral to ' ~he sinus veno,- , 

, .~li~f; ' an~> t,o ,wh icb; :are a,ttach~d th-e,'r i $"h t B ~nus valva and the 

·sep~~tUst :' : "',t,t1,O'i'Ur4( (::'1g.4l ' . _ , : :Ru@lng, superiorly, ventr~11y, and 

, B. , It'tt,le '/ t :o''the ''left.t,, 1t ' becomes flattened laterally. It 

now " oocupIe'~ ~>s J)~Jtiqn .in that, 'part of the interventricular 

, ~e:'pt~ ; bH)'~ , a8 'th.~ " sept~m~'~bre.naeeuIn. . Continuing in the 

samed."frec.l.t,iOl1'. , .it v reach-es' ':the l .oval of the middle of the me-

dialeue}) 'of the ' tricuspid ~al va. . At,' this point it befur

ca.tes i~:to' two line qual, portions. ~ The large.r t broader limb 

pas~ea to th~ left and ventrally to end in the interventricu

lar s~ptum a.t a-p-oint just medial to the medial cusp of the 

.mi~ral. va~ve (Fig.11). The smal,:l.~r • rounder ,limb paRses 
, 

, ~ , , : ' " , " ' 

Buperio-r1:Yflnd ventrally to the:f~ght · ventricle (Fig.ll). In 
. , " .'. . . . ' , " 

~tacou:rs$ · ' t~:rough th~ mo4era tor band it ,.is acoompanied by an' 

,artery wh,ichwill be desert bed· be-low. 

,The ol1tgill;of the atric-ventricular bUnQ,le' is 8ome

wh':lt doubtful. ' _ His ., Sr. ,_' Hie, Jr. ,( ), and Mall (12) con

tend , that it 1s the remnant of the 'wall of the a.trial canal, 
. ' 

8,;fter the' anterior andla taral sides of the a t-rial canal have 
.. ,i . . ' . 

• • · f ' 

been 'brOken',Up in theiormation of the tricuopid and mitral 

va:ive8; : whil~ Tandl'er (16') and Hetzer (15) think~hat it 

,~~l~:~$' ' independently as a new ' formation. 





The Oorona.ry Vessels. 

Arterfae co,ronariae:- As in the adult, the cononary 

arteries~:re twoin ' number, a ' right and a left. As seen in 

Fi.g. 12, thej'appea)" as " small rounded vessels with relatively 

thick walls. , They 'are ' distributed almoFt entirely to the 

heart but a ' ff3,w l~mall branohes are given off to ' the roots of 

the great veBaela~ 

'~~ , ,,r'1S:ht~, (~f():r()ri..rl\':~);te.~'I:~ ~: ' , :This a.rtery ,spriiigs fr,om 

,the,,' sup'e,tior ' a.'o~tla.,: e'tt~\(II:~ t , ' aSmQll ' :pocket ' whl~h 11,es above 

It rune downward and 

i(), t~'e :, ;righ1¥ ' . be'tw,een ::t~h;~ , ,root -o~ >: the aorta and 'that portion ' 
I. ' • ", ~ • .' . • " • . '. . • 

reac'l:>. ' the ~ C oronary:.'sulcus (Fig .ll. In this it 6~urses in-

fe'l'torlY .'l(~,c):ngwi th,. theSinf;3.11 oa~d~ao vein , (-Fig's ' • . 2,3, & 4). ' 

It ,co nt~J?ues to the,,, ' ~e. ft ,and" passIng the Inferior interven

>brfefi:te.r~', s-ul0,U'$ :;wAere : i t , g1ves ,off its intorventricular 

'b.re;nch/~:': ~: :':'end' , by!" ,'~naBtamo81ng ,wi th 't ,he circnmfl,ex branch of _ 

the' ,l.e.ft ' ooronarY,arterY , !Flg.12). , Thisanastamosis 1s ao-: . 

complished ill a flrie, , network of vesseleand can only be made ' 

out underhigh'magnfficatlon. 

: 1'h::el1!te:ry~~trJ(:.!ulir bTa.noh ,runs ventrally In the infer

~or, .\in:t~:tventrie'i11a:r~'tlicu8 ,Sllpplies both verltric lee. hy $hort 

,branch,ee '., .and"·erils ina'" p~e:x:ua 'on· the diaphragms, tic surface of 

the: , , :,:hEJa~t~hlQh :is?\forined 'by it,s ,own terminal branches and those 

,qf,' , :th$~,;ir'Ol~'fl;e~ ' &nii ' 1nter'Ventr:~elilar ' branches of tho Ie ft C or-
I-!1 ,ltR c1,'o:p.rse, in the interventricular ", 





,',itil91i8, ,' :1t ~ '1;~es <:'llfrela'tion to the mid'dle. oardiac vein. 

~ " a,.idlt~t'on",' t,o ', the tnterve,ntric':ular branch, the right 
, , 

CQ.r,Orlt;t.Ty ,a.'rter'i ·;'g.lv8s off, seven or eight small anterior. ventri-
, " \ " ' , • • ,. ' . _, ••• 1 

cule.:t' l>'l:;sllcp'ej :'whfch' runve'ntrally on the lateral 8urface of 
. ', -, \ "-., ' , :. ' ,. ' 

·the"tti~t; ~ ,ventrtcle. '; ': N'O. "~rgina.l" ,branch can be seen at 
,- " ,,". - ; : .. ' ": ' ' 

tll:'is' ' ~ta.;g~;~ ' b.ut{t '" 1s ,probe. bli represented by one of th'e an

terior ,vcQ:ntrldulllt-:"' 'oranenes. : 
' ) , ' 

, , 

Tbelett COrQnflr;t~r~ery:.. This arte~1, as is seen in 

Fig,.l, sprinRf!~r~~ ' fhe ]a ft inferior aortic sinus. Its 

'trunk whioh is shor~pe.s8es ventrally between the root of the 

~eft pUlmonary e.rc~ana '" the left ,atrium to the coronary sul

cfU'9. ' Alm<lst immediately it di.'videa into a circumflex and an 

, i.nterventr!~ular branch. ' . 

T:Q,e oircumflex branch turns to the left, and running in

fe:rlo,rly" turns aroUIl'd
i 
the left sfde , of the heart ' to end in 

. ' . . . 

tYto 'branQhes,one ,'ofwhich anaetamoses, ventral to the 'coron-

a1:,1' stilus:, with , the 1'i gp"t eorona:ry a 'rtery, v,hich the other end. , 
. . . . 

in ' the; ', ~'.~b,o;+e""deBorib,ed plexus on the diaphragmatic surface of 
, " . . . , . - ~ 

the heart- (Fig*e. 2~3,& 12}~ In its course, in the cor.onary 
, ' 

,eru.leu6,"the ' circumflex ' branch lies in relation to th~ gr~at 
, ' . ' ~ 

.ca,rd1ao ' v$1n. " tt\ 8uppliee branches. to the left atrium, the 
" .', ., ' . t - ,. ,. " • 

. , 

le,::t,t mapgin of the hear~, and the inferior surface of the left 
! ~ • • ' ·1 

( ,I , " J :.: ,' ••••• • :. • • 

vent,ricle:_ (Fig.~ &' 12) .• 

Theln,terventricular branch runB1n~" the anterior inter-
. . ,': 

,! :e;ntrLcular , Buleue ,: "turns a];,ound the, ventral margin o,f the " 

~¥.l~t,and: also , ~~:rminates in the plexus of, the diaphragmatio 

,t ." .•.• 

! . . ! l.; ~ 





surface (Fig.12). 

of both ventricles. 

It SUIJplie's the sterno-costal surface 

Nesr its origin tho interventricular branch of the left 

coronary artery gives off in addition a small branch which 

enters the ventrioular wall, passes thru the interventricu

la-r septum, and enters the moderator band (Pig's. 2 & 11). 

In this it can be: traced as far as the right wall of the ven-

triclewhere it terminates. In its course in the moderator 

band it accompanies the a tri o-vent!:i culor blUldle.· Because 
i 

of its close relation to the atrio-ventri.cular bundle, this 

branch is of particular interest. I have been unablo to 

f,ind any mention of it in the literature and do not know whe-

ther it is . present in the human heart. In the heart of the 

adult pig, I have found it pre8ent constantly as a vessel of 

conRiderab1e size. It arises as de·seri bed in the embryo 

but courses through the moderator band into the right wall of ' 

the ventricle where it breaks up into capillaries. 

From the trunk of the left coronary artery, small branch

es are g-iven off to the root of the left pulmonary arch and 

the left atrium. 

Sinus coronarius et venae cordie:- Owing to the fact 

that the left superior vena cava of the pig remains as a defi

ni te vesse·l, th~. relations of the ~nterinf.' cardiac veins are 

somewhat different from those found in the human. As seen 

in ]lig.12, there is, strIctly speaking, no · defini te coron

:fjrysinus, for the ca.rdiac veins all enter the terminal por-

':~:l'on; :of tho left superior vena ca.va. This portion of the 





:lef,t8uperf9r ,:vena. ','oava which lies 'in the inf'orior portion 

of thecorortar1:S~lCUS Is somewhat enlarged, and represents 

the c'o;roriary' s-inus ' o~ the human heart. In the following 

,description I have used the term "co.ronary sinus" to desig

'nate the 'te:i'minalportlon -o"i the left fiUperior vena cava. 

The, corona~y " sinus ~eceives five large veins. ' -They are 
. ' . . 

from ieft to right: 'the left superior vena cava, the great 

cardiac vein, the inferior oardi&c vein of the left ventri

cle, the 'tniddle car,d.l~c vein~ and tho pmall cardiac vein. It 

empties, as Ahown in Fig's. , 5,7, & 12, into the sinus venosus 

just .. vent'ra.l to the. inferior vena cava. There is as yot no 
, . . . , 

Indication of the ' Thebesian v~lve whioh in the adult pig 

guards ' i ~s entranoe., : 

The , left superior vena cava receives the blood from the , 

left side of tho head and left uppor extremity. It persists 

as a large definite veseelin tho adu1~ pig. In the adult 

human only a small portion of it rema.-ins, which is known ae 

the oblique vein of Uarehall (Fig.12)~ , , 

The great cardiac vein arises about the point where the 

left coronary artery · splits into its oircumflex and interven-

t.ric1l1arbranches. Reoeiving branoh:es from the wallf! of the 

left ventricle and left atrium, it runs ' inferiorly in the oor-

. onary sinus (Fig.12). Near its termination it receives a 

tather larg~ tributary from the wall of the le ft atrium. 

The 1nfe:rfdr cardiac vein of the left ventricle isre-

'Pt:$eell.ted "bya short wide trunk. Into 1 t drains a number 

~~h:,!J,.~l.+:" , .:t~i1:)ilt~rie,e ' wh i ch ,carry 1;>10 od, . fr ou.r ,$. , l~\mite d ' am,oun;t 





()fthe, dia'phra'_tle ,wali of the left ventricle. It opens 

:lntothe ventral stde .() f the corortary sinus about · its mid

, dle ,( Fig .12) ~ , 

" The middle oardiac vein arises about the middle of the 

diaphragnlB.ti(f sUrfaoe. ot the heart in relation to the pre-

viously desoribed plexu8 of arteries. It runs dorsally tn 

the 'inferior inte:rTBntrioulB.r sulous, and being joined by a 
, ' I , ' 

branohfrom the rlghtside of the right ventricle, emptiee 

into the coronar~ ainus on its right side (Fig.12). 
, . 

mha small cardtacvein 1s by far the largest of the cor-

ona:r;yveine of t.h~ 20, mm. pig'. It arises as two definite 

vessels, one of which receivee branches from the right atrium, 

while the other colleots the blood from the right .wall of the 

rtght ventriole. ' These run inferiorly on either side of the 

coronary sulcus, and unite at the point where the right later-

a1 'and diaphr~gmaiic surfaces of the heart meet. The oommon 

trunk then r'WlS to ·the ·left a short distance in the coronary 

eulou~ to ,empty into the right extremity of the coronary sinus t 

just dor~al to th~ ~ntrance of the middle oardiac vein (Fig.12). 

In addlt:ion to " th~ ,. ,definite ' ve insdeecri bed above, there 

are 8n~ber of, small veins which collect the blood from the 

late,rat 'and inferior ' walls of the rightatriUID, and empty in

:to 'theeinallosrdiac veint some into its ventricular ~ribu-

,, 'tary',and:' soma into its trunk. 
: 1:" " . . 

These, in the adult, have 

., been '; ca.lle,d.the$..nterior c811'dlae ve1~8 , (Fig.12). 

;, ~i~t;i~ . ; '$'~~mj3 ' tp have . been published on th~ development 





i 

than · 29 "rnm," ~ In .fact. Evans (6) says of the coronary arter-
. ,I' ~ 

. . 

ieso! ' the . hwian:; :"lJ6~hing is known of' the
i 

development of 
v 

the coronary . ~~terie8 • Tandlar has noted their beginnings 

. in a 17 mm. hUlDQ.n ' .. embryo (N. T. 65). The only observations 

known t 'o me (~90') on this sU'bject are the fragmentary ones 

of Martin .. ( 1894) (13). and those of ·F. T. Lewis (1904) (10)"; 

and the onlY, reoord which loan find of work done on the cor-

onary veins is h'is ·statement, n ___ ; of the left duotus Cuvieri 
, .. " 

,-

only the proximal portion is preserved as the sinus coronar-

ius (Marshall 1860) (14)". In the 20 mm. pig, while I find 

them ' instead of rOruld "and regular, 8S flattened and irregu

larly shaped ohanriels which show enormous variation in their 

size in different ' parts t they are , at least, d afini te vessels " 

and Wi~h only moderate difficulty I have suoceeded in making 

a model of them. 
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Fiffure 1. A cross ' sec,tion of the h,eart" at t:Q,e 
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Figure 2. A crOSR section of the heart at the 

l.evei of the moderator bundle '. " '(Section 784 E.C. Univ. 

of -Mo. #1.15) X 2Z ... 

a.a.v.b. • • • • • • • • • • artery aooompanying the atrio
ventricular bundle. 

B.V ••••••••••••••• aortic vestibule. 

a.v.b. . ' .. ~ .. ~ ' ..... 
c,.l. v. . . . . .. . . . . . . 
e.r.v. ~ ....... ' ... . 
i.e. . . . . . . . . . . . . . . 
int.s. , . . . . . . . . . .. " 

i. s,' •••• t " ••••••• ' . ,. 

atria-ventricular bundle • 
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interventricular sulcus. 

lnterventrtcularseptum. 
. ~ . 
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Figure 3. Across section of the h~e.rt ,~'t <~he 

level of thea trio-ventricu.lar orifices., J SeQt'iQ~ '620 

r.e.c '. 1702) ' X 23. 
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Figure 4. A cross section of a portion of the 

heart at the level of tho origin of the atrio-ventricu-

lar bundle. (Section 639 H. E.C. 1702) X 43. 

a.b. . . . . . . . . . . . . . atrio-ventricular bundle. 

c.I.a. · . . . . . . . . . . . cavi ty of the left atrium. 

c.r.a. · . . . . . . . . . . . cavity of the right atrium. 

c. s .v. cavity of the s inus '" · . . . . . . . . . . . venosus. 

l.s.v. · ........... left s inuG vol ve. 

r .c. a . · . . . . . . . . . . . right coronary artery. 

r . s .v. · . . . . . . . . . . . right s inus valve. 

s .a. · . . . . . . . . . . . septum atriorum. 
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The model of the whole ,heart ae, 

viewed from above. X 23. 

a . . . . . . . . . . . . . . . . . apex 

a • a ••.•..••.•.•..•• aortic arch. 

a.i.s •••••••••••••• anterior interventricular sulcus. 

l.a. . . . . . . . . . . . . . . left a tri urn. 

1. a ur ••••••••••.••• left auricle. 

l.c.c •••••••••••••• left common 'carotid. 

l.s.v.c. . . . . . . . . . . . left 8unerior vena cava. 
~ . 

l.v. · . . . . . . . . . . . . . . left ventricle. 

r.a. · . . . . . . . . . . . . . . right atrium. 

r • a ur • • • • • • .. • • • • • .. ' r i gh t ' a ur i c 1 e • 

r.c~c. . . . . . . . . . . . , 
r. s. • ......•...•.• 

r.s.v.c •••••••••••• 

r. v. · . . . . . . . . . . . . . . 
t.a. . . . . . . . . . . . . . 

right subclavian ~rt·ery. ,. 
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truncus arteriosus. 
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A model of the cavity of the heart 

as viewed from the right and behind. X 23. 

a.a. . . . . . . . . . . . . . . 
d.a. • • • • • • • • • • • • • • 
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s. v •••••••••••••••• 
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ary arch. 

pulmonary vein. 
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Figure 7. A model of the Eustachian valve as 

viewed from the atrial side. X 90. 

a.l.a. •••••••••.••• oavity of the .left atrlum. ~ 

c.r.a.............. aavity of the right .at.rium, 

c.s.v •• ~ ••••••••••• <.lavity of the sinus venoeus. 

i.v.c •••••••••••••• inferior veria oava. 

·l.s.v •••••••••••••• left sinus valve. 

1. s. v. c. • .. • • • • • • • • • leftsuperi or ' vena . cs-va. 

p. v. •••••••••••••• pulmonary vein •. 
. ' 

r. s. v. . • • . . • • • •• • .• right ainus . valve •. 

r.s.v.c •••••••••••• . right superio~ V$n~ cava. 

s .a·. • • • • • • • • • • • • • • .~ept~ atr,iorum. '" 

a.e. . . . . . . . . . . . . . ~ sel? tumsecund Ulll. 

.. s. s • p. • • • • • •• • •• .• •• . . 6 ep:t ·uni spur.i WIt: .. 

'. ' . 

Figure 8. 4 model of the ,pulmonary l'alve .aa .. 

viewe.d from the Itorticeide. .X '~90. 

i. o. .. .. •• '. • • • • • . • • • • inferior all~p .• 

·s .'0. • e, . ' . • • • • • • • • .supe:rio~ CtlSp. 
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Figure 9. A, model of the bicuspid valve as viewed 

from the atrial-side. X 90. 

a. s .1. c. b. v. • • • • • •• In teral cusp of the bicuspid 'valve. 

a.s.m.c.b.v •••••••• medial cusp of the-bicuspid valve~ 

a.v •••••••••••••.•• aortic vestibule. 

s.l.c.b.v •••••••• ~. portion aplit from the lateral cusp. 

Figure 10. A model of the bicuspid valve as viewed 

from the ventricular side. X 90. 

a.p.m ••••••••••••• ' a.nterior papillary muscle. 
, . 

a.v •••• ~: •••••••• ,. aortic vestibule.' 

f C .1 .. 'V ••••••••• ' .... ~ , cavity of the " left ventricle~ , 

i. s. .. • . . • • • • • • . .•. int.erventriau];arsep~um. 

p.p.m •••••••••••• ~ ' p'o~t~r~or' pa,pillarymuecle. 

v.s.l.b.v ••••••••• lateral cusp ,of. the biouspid ~lve. 
, " , '. J" 

v. s • b.v. m. • • • • • • • • m~ dial 'cusp ' o:f : ~he blauep1d: ,valve .. 
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FiBll.re 11. A' model of a dissection of the atrio-

ventricular bundle a~, seen from the ripht ventricle. ~ 23~ ... , 

B.................. apex. 

a.a. . . . . . . . . . . . .. • aortic arch. 

a.m.b •••.•..•••••• artery of the moderator band. 

d.a ••••••••••• ' .... dorsal aorta. 

i.s ••••••••..••••• ihterventrjcular sulcus 

i.v.e ••••.•••••••• inferior 'Vena cava. 

l.e.a ••••••••••••• left coronary artery. 

l.l.a. ,b ••.•••••• ". left li-mb of . the' a.trio-ve.ntricu~ar b,~dle. 
'{ . 

m.b ••••••••••••••• mQde~ator band. 

oes. • • • • • .. • • .• . • • • oesophagus 

o.a.. b............ . origin of the e.trio-V£lntr1cuJ:nr bundle,. 

r ,.a ••••••••• · •••••• right ' atriunh, ", . , 

r. +. a .b. • • • • • • • • •• right limp of. 'the ~t 'rio-ventricula~ : 'bul1dl,." ~" 

r. s. v. c ••••••••••. , rtght superi()~ vena , cava.' 

t.a ••••••..•.• ~ ••• : trilncus ~:rterlosu~. 
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JPigure 12. A model of the dissection of the cor-

onary vessels as seen from below. X 23. 

a ••••••••••••.•••• 
. ~: 

s.c.v •............ 

c.b.r.c.a ••.•.•••• 

c. s •.••••••••••.•• 

d. a •.••••.••..•••• 

d,.IY ••••••••••••••• 

g.c.v ••••••••••••• 

i~c.v.l.v ••••••••• 

int. s ••.• ' •..•...•• 

i-.-v • c -••••••••••••• 

1.a.{ •.• -•••.••.•.•• 
/ 

l.a.a. ••• .••.•••••••• -

1. v ••••••••••••••• 

· m.b.c.b.r.a.a ••• ~.' 

m·. a.-v •••••• ' ••••••• 

p.a.~~ ••••••.••••• 

p .• v ....... -•••.••• ~ •• 
.Ii' 

r.a •..• ~ ••• · .••••.• 

s ~ c. v ••••••••••••• 

apex 

anterior cardiac vein. 

circumflex branch of the right , coronary 
artery. 

coronary sinus. 

dorsal aorta. 

diaphragJ'na tic !)lexus. 

great cardiac vein. 

inferior cardiac vein of the ' left ven
tricle. 

interventricula.r Ruloue. 

inforior vena' cavs. 

left atrium. 

left :coro;naryarterY. 

lett vent~iele. 

1,targinal -'bX'anch of the citcumtiexb~·a~e.ii 
of the right 'corOnar,Y artery.,' -.-.. ,)\. 

middle oardiacvein. 

pulmonary arte*,y., 

pulmonary vein •. 

right -~ tr.~ wn .• 
. ' 1/ . ; 'jy .' 

smat'l '-qarJ!ao ~ei~. 
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