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Introduetion.

vThe present article is one of & series planned by Pro-
fessor Franklin P. Johnson describing the anatomy of the 20
mm. pig. Thié series, it is intended, shall supplemeﬁt the
descriptions of ‘the 12 mm. pig by F. T. Lewis (11), and thét
of the 7.8 mm. pig by F. W. Thyng (18). In this paper is
described the anatomy of the heart and its veqsels, particu-
lar attention being paid to morphology. It ;ncludes des-
eriptions of the form, size, and position and relations of
the heért; its chambers, valves, atrio-ventricular bundle,
and coronary vessels, It was first intended to include the
whole vescular system, but a.description of the peripheral
vessels hag been deferred to another paper.

For the basis of this work, embryo No. 1702 of the Har-
vard Embryological Collection, which was kindly loaned by
Professor C. W. Minot, has been used. = Other embryos of ap-
proximetely the same age'have constantly been referred to.

The form of the heert and its various parts have been
portrayed by means of wax reconstructions made by Born's re-
construction method. These reconstructions include the fol-
lowing models:

l. The whole heart and its vessels. (Harvard Embryologi-

cal Collection. No. 1%02). |

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

3., A dissection of the heart showing the coronary ves-
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4.
5.
6.
7.
8.

sels and the atrio=-ventricular bundle. (Univ. of

Mo. Embryological Collection.
The tricuspid valve.

The bicuspid (mitral) valve.
The sinus valves.

The aortic valve.

The pulmenaryvvalve

No. 1.15)
(H.E.C. No. 1702)

"
"
"

n

Meny embryos were dissected under the binocular miero=-

scope, and median Sagittal sections made of others, to_olear

up points not obtainable from serial transverse sections.

In the case of locating the position of the heart, cleared

embryos were used.

They were first halved in the median

sagittal plane with aisharp razor, and the cartilages stain-

ed with methylene green.

This made possible an easy and

ready means for the determination of the point desired.






In addition, dissections and injeetions of the hearf
of the adult pig have been frequently examined. The cor-
onary arteries were injected from the sorta, the asortic val-
ve being closed by the pressure exérted on it. The coron-
ary sinus being tied off close to its entrancé into the right
atrium, Colored ceiloidin, red lead, and colored gelatin
were used as injectioﬁ masses. Best results, however, were

obtained with the first.






External - Form.

The heart, as can be seen in Pig. 5, is shaped some-
what liké an egg, but is rathef irregular and flatténed
from above downward., - It may be described as having an
apex, & base, and two surfaces - inferior (caudal) or dia-
phragmatic, and anterior (ventral) or sterno-costal.

~\Encircling the heart at almost right angles to its
long axis, is a deep groove (sulcus coronarius) which sep-
arates the heart into two definite pbrtions, a8 dorsal
(atrial) and a ventral (ventricular); (Fig. 12). Each of
these is,again divided into two halves, a right and avleft,
by more or-legs defihife 1bngitudina1 grooves. The separ-
ation of the'atrial portion is marked externally, at the

base of the heart omly, by a definite inter-atrial groove.

The division of thé ventricular portion is accomplished by
two 1ongiﬁudina1 sulei, one on its anterior and the other
on its inferio? surface. These, however, are dontinuous
toﬁ%ﬁe right of the apex of the heart.

Apex cordis:- The apex of the heart is directed ven=:

trally. It is & %luntlyﬁrounded prominence which serves
as the meeting place of the sterno-costal and diaphragmetic
: sﬂrféces,laﬁd is formed entirely by the left ventricle, the
1ongi£udinal suleus ruﬁning.to‘its right, (Fig.5).

Bagis cordis:~ The base of the heart, as is shown in

- Pig. 6, is relatively smaller than in the adult and may be






described roughly as square. The opening of the right an-
terior cardinal vein (later the right cuverior vena cava)
is situated at the upper angle of the square on the right;
that of the iﬁferior vena cava occupies the lower angle of
the same side. The right side of the}square is formed by
the right margin of the sinus venosus. The left side is
formed by the left superior vena cava, which, in order to
reach the sinus venosus, bends at right angles to the right,
thus forming theilqwer 1éf£ angle and the inferior side of
the square. ‘Thé upper side of the square is formed by the
continuous sﬁperior borders of the two atria. Between the
right superior vena cava and the inferior. vena cava, and the
left supefior vena éava, is a broad groove. In this groove
run the émall pulmonary arteries, gnd in it, just to the left
of the poinf~where the .inferior vena cava empties into the
right atrium, the short trunk of the pulmonary'veihs enters
the ﬂeart. In this groove will later appear the inter-atrial
groove bf the adult. |

buperlorly to the above described square, the aorta and
.the pulmonary arch arlse from the heart as ean readily be
‘8een in Eig. s.i_ mheseve§tend upward - -and then arch backward
‘a-:rid_rc‘x“.owz;v%vara,?afn&i pase dorsal to the base of the heart.  The
single. trunk of*ﬁhé“pulmohary drteries leaves the inferior
surface: of the pulmonary arch about iﬁsvmiddle‘(Fig.s). The
‘reletion ofithe pulmonary arch to the aorﬁa will‘be deseribed
Agter.






Facies diaphragmatica cordis:- The diaphragmatic sur-

face, as seen in Fig. 12, is formed by the ventricular part
of the heart. It is divided into two unequal areas, the
left being much the larger, by an oblique groove (the infer-
ior interventriculer sﬁlcus) which runs from the right pos-
teriorly (dorsaily) to'the left anteriorly (ventrally).

Thie surface is separated from the base by the inferior cor-
onary sulcus.

 Pacies sterno-costalis cordis:~ The sterno-costal sur-

face is directed uﬁﬁards and anteriorly. It, tbo, is form-
ed by the Yerit el oilar part of the héart, and is separated in-
.fo two areas, the fight being the larger, by a groove (the
énterior ihterventricular sulcus) which ruhs from the left
posteriorly’to the right anteriorly, and unites with the in-
ferior interventricular sulcus around the apex. It is, like
the diaphragmatic surféce, separated from the atria by & por-

tion, the anterior, of the coronary sulcus: (Pig. 5).






In determining the size qf the heart, a number of
points have been considered. These are;- measurements in
various directions, weight of the heart, the volume of the
heart, and the relative weight and volume of- the hekrh as
compared with those of the entire embryo,

Dimensions - The measurements given below were redue-
ed from those obtained from a wa# model of the whole heart;-

Length,,from gpex to base (venﬁro-ddrsél)..,.4.493'mm.

Breadth, fiom gide to side, measured thru
the Widest part .....l..............4 155 nlm.

Thickness, (cephalo-eaudal) measured from
the highest point on the -superior
surface of the heart to the lowest
point of the diaphragmatic surface..5 266 mm.,
Weight - In order to obtain the weight of the heart and
the rel&tlon of it to the body weight, & number of embryos
were first weighed, and then their hearts were diecsected out
~under'the binocular microscope, and Weighed in turn. The

following figures were obteined:-
Embryo No. Weight. Weight of heart Pereentage of Jbody weight.

1 - 1.890 g. = .063°g. | 3.80 g.
2 1.401 g, .  047 g. 5.35 g.
3 1.426 P .048 g. . 3.36 g.
4 1.429 g. - .052 g - 8.51 g.
5 1.612g  .086g - Bl

‘Average ,k ~};43I'g.;,' 081 g. f 5‘5ﬁfg:.},






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

tained as follows:-

_ Weight :
Specific gravity.

'~ Vol. equals
The specific'gravity of_the embryb was determined by weigh-
ing it in and out of water. |

Weight in &ir
Loss of weight in water

Specific gravity equals

The specific gravity of the heart was obtained in the same
manner. The volumeé of the embryo and heart were calculé-

~ted from the above formula.

 We ight Sp. gr. - Volume.
of embryo e.eeec.... 1,431  1.112 1.2870 ¢.c.
of heTt eeeeeeeeea. 0.510 1.114 0.0458 c.c.

Percentage Of DoAY VOLUME «..ceeeescsevsanscssonsaasB.56
The -above figures were checked b& determining the vol-
ume of the embryo and the heart (model) by disPIabement in
water., @ The résults obtained by this method follow:-
VOL. OF OMDYFO +eevveenneesseesneesnsanness 102650 cuc.

Vol. of model -~ 4046 c.c. Magnification -
45. v01o Of heart ....l.."0000444 c.o.

Percentage of body volume..cseeceecncrecnnnnenceeaead.bl
As seen from the above tabulations, the volume as obtained
by the two methodsAvﬁry only 0.06 percent.

Jackson (8) gives the following percentages of the vol-
. ume of the heart s compared with that of the body for human

embryos:?






Age or length of embryo Percentage of body volume.

11 mm. | | 3.64
8 weeks ‘ 2,50
17 mn. N 1.71
31 mm. B . 1.32

It is to be seeh from these figures that: the 11 mm. human

more nearly corresponds to the 20 mm. pig. ft must be add-
ed, nowever, that I have included the cavity of the heart as
 ; part of its volume; Jackson does not state whether he did

or not.






Position and Relations.

With respect to the vertebrae, the positionHOf the
heart may be defihed as lying ﬁetween the 1evels of the
intefvertebral discs beyweeﬁ the fifth and sixth cervical
vertebrae above, and the fifth and sixth thoracic verte-
brae below. This can be demonstrated from both transverse
and sagittel sections. The heart, therefore, extends
through seven vgrtgbral segments.

With regpeetfts.surface markings of the embryo, the
heart 1lles slightly to thelleff of the median plane. A
plane passing thréugh the caudal lines of the fore-limbs
would almost out through its middle.

The apex points alﬁost directly ventrally, while the
whole organ is tilted slightly to the left. The struc-
tures on the right side are, ﬁheréfore, a little higher
then those on the left. | _

Dorsally, the base of the heart is separated from the
vertebral column in the median line by the oesophagus,
traches, aorta,'and trunks of the pulmonary arteries and
veins; " while lateraily lie the.superior.vena cavae, vagi,
nerves, lungs, and pulmonary arteries and veins, The ‘bi-
furcation ofithe'trachea is fdund at the level of the body
of the fourth thoracio.vertebrae. A short distance above
the disphisgm, and &.1ittle to the right of the mid line,

the inferior vens cava also lies between the hearﬁ 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 peripardium
and pericardial cavity intervening. Laterally, in its
upper part, this surface is also covered by the body wall,

but in its 16wer part it rests against the diaphragm.






' fhe Chambers of the Heart.

 Atris:~ The atria1_of the heart taken together may be
likened to the éhape 6f:a bowl, the concavity of which is di-
rected f@rbafd_and,cabi the posterior ends of the ventricles,
.(Fig’s.'ﬁl& 6);v They are‘bf"about the same size and ghape.
Théir ﬁalls aré thié, and tﬁfown into folds. That portion
which will later become the suricles is well developed, but
1ittle indidatioﬁ»6f:differentiation into these structures is
~ apparent. | | |

The division into right and left atria, as can be seen

from Fig's. 3,4,6,& 7, is marked only on the inside of the cav-
ity. It is formed by two membranes,.the septum atriorum and
the septum secundum. The former lies inferiorly and is form-
ed by the septum primum and the left sinus valve (Fig's. 3,4,
& 7). 1t extends from the ventral wall of the atria a little
to the left of the interventricular septum, almost directly
backward. It closes the inferior threce fourths of the origin-
el aperture between the two atrisa. The septum secundum is
present as a slight ridge on the dorsal and 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 much the same condition present,
there ore, as described by Tendler (16), 1all (12), and Born
(1), in the humen, in that which Tandler cells the third period’






of development (including embryos 10-20 mm. vertex-breech mea-
surement).

Atrium dextrum:7 The right atrium, as shown in Fig. 6,

receives posteriorly the right superior vena cava from abovg
and the inferibr vena~6ava and left superior vensa cava from
below; It is continuoﬁs ventrally with the right ventriecle.
On ite left, superiorly it is related to the aseending aorta.
A "sulcus terminalis".is fairly distinet.. It is a shellow
groove whiéh rung from the left side of the right superior vena
cave to the left side of the inferior vena cava, and marks the
- junction of the primitive sinus vénosus with the atrium proper.
The interior of the right atrium is quite free from mus-
cular bundles (musculi pectinati) except in that portion whieh
is to become the auricle (?ig's. 1,2, & 3). Here the inter-
ior of the atriﬁm is trafersed.by & number of the small verti-
eal muscle solumns. - _

At the superior and dorsal part of the cavity, is the
aperture of the right superior vena éava. opehing}into the at-
vrium between the two sinus valves. At the inferior and dorsal
_ part of the cavity, the inferior vens cava opens 1hto what is
still a persistent part of_the sinus. Its aperture is guard-
ed also by.the“tWO s1nus'va17es; the left one of which is par-
tiélly fused 1nferior1y_with the septum primum, forming the sep-
tumiatfiérum. ‘_Cqming.from‘the left, as shown in PFig, 12, the

left superidr vens oavajopéns into the same portion of the at-






rium as the inferior vens cava, but directly ventral to it.
The coronary valve (valvula Thebesii) is not set apart as
such at this staée. Ventrally, the atrium empties into the
right ventricle through the atrio-ventricplar orifice. This
opening is guarded by the tricuspid Valvé. Its description
will be taken up in connection with the right ventricle. To
the left, as described before, the cavities of the right and
left atria communicate.through the widely open foramen ovale
II.

Valvulae venosae:~ As seen in Fig's. 4.&.7, both the

-right and left sinus valves are thin but prominent. Super-
iorly, they meet and fuse, and form a ridge (septum spurium)

which 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. _ Thereas in earlier
stages it lies within the sinus venosus, it now projects well
into the right atrium. This condition haé been brought about
by an increase in tﬁe size of the atrium at_the expense of |
the sinus venosus. Thus the former walls of the sinus now:
‘enter into the dorsal wall of the atrium.

infe?iorly the left sinus velve is fused to the septum

primum, but above this there is a deep slit-like spaee beiween
the two. ,Tb‘this Tandler (16) has applied the term "spatium
interseptb valvulare®, With the formation of the foramen
Iav&ie 11, acéoiding;tOJTdndler,ithis space gradually disappears

ﬁy_a‘further fﬁsiﬁg of the left sinus valve with the septum -






primum. The upper and middle portions of the valve are ob-.
literated at the same time, but the inferior part is joined
by the antero-inferior prolongation of the septum secundum,
and takes part in the formation of the free border of the for-
amen ovale II. |

The right valve is somewhat thicker and broader than the
left. Beginning with the septum spurium superiorly, its fix-
ed border is attached all along the dorsal and ventrasl walls
of the atrium. It‘forms the right.wall of the sinus venosus.
No indication of its separation into Eustachian and Thebesian
valves, which according to Tandler (16) it gives rise to, can
be seen at this stage.

Atrium sinistrum:- The exterior of the left atrium close-

ly resembles that of the right (Fig.55; It receives, however,
as shown in Fig. 6, only & single blood vessel, 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 (Pig's. 1;2,5,&6). As
in the right atrium, numerous musculi pe%tinoti cross the cav-
ity of this part.

Dorsaily, in the line where the dorsal wall of the left
atrium meets the inferior wall, and very clbse to the septﬁm
atriorum, the small thin walled trunk of the pulmonary veins
enters the cavitya(Fig.G); Although this is short, almost
immediately splitting into two brenches (right and left), it

enters‘the_atrium as & single vessel, Aecording to Tandler






(16), this short trunk will later disappear by becoming in-
corporated in the posterior wall of the atrium, so that there
will be two veins opening into the atrium. 8till later, he
stateé, these two branches will be absorbed as far up &s their
bifurcation, and then there will be four veins entcring the
atrium. Thyng (17) reports, in & human embryo of 17.8 rm.,
two pulmonary veins opening by sevarate orifices into the left
atrium,

Ventriculi:- The ventricular porfion, which forms

the greater part of the heart, lies ventral to thé atria, ' ‘As
seen in Fig's. B & 11, it is roughly the shape of an egg, the
pointed end of which is the apex of the heart. As stated be-
fore, it is separated into right a left halves by a definite
groove, interventricular sulcus, which lies on its superior
and diaphragmatic surfaces, and passes to the right of the apex
(Fig's. 5 & 12). This groove merks extefnally the right and
left ventricles. |

Intérnally, the ventriéular portion of the heart is
divided into right and left chembers by the interventricular
septum (Fig's 2 & 3). This lies in & plane which is élmost
'»parallel to the vertebral column, but is directed obliquely
from the left side dorealiy to fhe right ventrally. In this
embryo it is a thick partition composed of numerous developing

musele fibers. Its development has been described by 1all (12)

; !
and others, who agree that it arises in connection with the so-






called endocardial -eushivns snd septum sorto-pulmonale. ASs
can be seen from Fig's. 2 & 3, this partition is not solid,
~but is perforated by numerous.small sinusoidal channels which
extend from one ventricular cavity to the other. These chan-
nels are féry small, and take a tortuous course. In & 17.2 mm.
human embryo, Mall describes a single interventricular foramen
which is scarcelf 0.02 mm. in diameter. The channels which
I find are not so 1arge, but their abundance is very striking.
Continued dorsally and inferiorly, this partition
éeparates_the 1eft ventricle from the right atrium. That
portion which lies immediately inferior to the developing
tricuspid valve has been named by Hochstetter (8), the "sep-
vtum atrio-ventriculare”. This septum, according to Hoch- m\
stetter and others, togetherAwith the aortic and interven-
tricular septa, forhs the septum membranaceum ventriculorum
}ef the adult. :

Ventriculus dexter:- The right ventricle has the

shape of & half-cone whose base is rounded ( Fig's. 5 & 12).
The part which marks the dpex of the cone is the orifice of
the pulmonary aorta. It is directed dorsally, superiorly,
and a little to the left.  The part which corresponcs to the
base is‘the diaphragmatic surface of this ventricle, while
the part which corresponds to the cut surface of the cone is
the interventricular’septum. _

The ca#ity'of'tie right ventricle is in the form
‘éf'&Tbeﬁt”fﬁbe consisting of &n inferior porfibnfin%o which

‘theﬁatrid?#éntricﬁigr‘orifiee opens, and of & superior por-






tion, conus.artefﬁosusq‘Which terminates in the pulmonary .
aorta (Fig. 6). The'angle-between the two limbas is formed
by & ghick 1édgevof musecle, which, in the adult, has been
termed the "supra ventricular crest". The inferior por-
tion is narrower in transverse diameter than from above down-
ward, being similar in this respect to the slit-like atrio-
ventricular orifice. Ventrally, at the bend of the tube, it
becomes lafgér, and connects with the'suporior portion. The
latter narrowszrapi§1y into the funnel-shaped infundibulum,
which terminates in.the pulmonary aorta at the pulmonary valve.
The right atrio-ventricular orifice appears from |
the ;%rialpside as 8 narrowAYisﬂaped cleft. It is_guarded
by the tricuspid valve which is better seen from the ventri-
cular side. This consists of two distinet irregular flaps
of heartAtissue, fhe medial of which is the fhinner, lying
one on eifher side of the-cieft..{ Both of these come to-
gethe& inferiofly where they are éttached to the posterior
papillaryﬁmuscle - Mall (12), Tandler_(lﬁ). The free bor=-
der of the lateral is joined'tdwa;diits upper part by a large
band of muscle fibers, the anterior papillary muscle - Mall
' (12), Tendler (16) - which connects it to the ventral wall
of the ventricle. The médial has its free border joined by
a smaiier‘bundle of muécle fibers which splits sending some
 fibe;s fo theAinterventricular septum and others to the anter-
‘or papilléry.musele. Extending inferiorly from the upper

part of the lateral Valve, ie a narrow flap of tissue. This






probably is the béginning of a third valve. It is this
flap which dividés the upper pert of the atrio-ventricular
¢left into two limbs giving it its above described shape.

Mell (12), in describing the development of the tri-
duspiﬁ valve in the huﬁan embryo, says that correctly speak-
ing ther: is no tricuspid valve. He states, "Both are bicus-
' pid with medial end lateral cusps. Both are tied down by
two muscles, the two papillaryimuscles on the left side, and
the large papillary musc1e‘and the medien tondon on the right."
He stataslfurther, "At any raﬁe,‘the right and left ostié of
numefoﬁs hearts [ .humen );1ess thah7201mm. long are slit-like
and similar, so that ‘if»ig.impossible to state that one is
encircled by a tricuspid vélve. Each is bordered by medial
and latersal vaives, and each medial and lsteral valve is bound
to the veﬁtricle by anterior and posterior papillary muscles".

- The position of the pﬁimonary orifice has slready
been noted. It is guarded by phe pulmonary velve which, as
is showﬁ.in Pig. 8, is composed of three cusps,. two of which\
are placéd superiorly and one inferiorly. éhe outer border
of each valve is attached to the wall of the pulmonary aofte,
while its inner border is free. At thissstage the cusps are
thick walled, but each shows a, definite bulging toward the
ventricular cavity, and & pocket away from it, indicating
their capability of preventing a back-flow of blood from the

aorta.






From the pulmonary orifice, the pulmonary aorta
arches béckward and inferiorly to empty into the descending
- aorta through the left pulm&nary arch ét a point a little be-
low the level of fhe left subclavian artery (Fig.6).- Its
lumen is large, having about the same diameter as the ascend-
ing aorta. About two thirds bf the distance from the pulmon-
ary orifice to the point where the left pulmonary arch empties
into the descending aorta, {t gives off the single small trunk
of the pulmonary arteries. 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 the 20 mm. pig & small persistent portion of the right pul-
monary arch branching from the left pulmounsry arch. In nei-
ther of the embryos of which I have made & careful study, 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 kmown as the truncus atrter-
iosué (Fig. 6).

The cavity of the right ventricle is smooth in the
region of the conus arteriosus, but~if is in‘all other places
filled up with & spongy mass of muscﬁlar bundles, the trabe-
culse carnae ( Fig's. 2 & 3). Two kinds of these are recog-
nizable: musculi pecetinati, which are of varying lengths and
attached to the ialls of the ventricle; and the papillary mus-

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






the ventricular wall., One particularly large bundle, the
moderator band,_pasées from a point just ventral to the me-
dial cusp of the tricuspid valve, ventrally, to the right
ventricular wall (PFig.2). In its substance the right 1limb
of the etrio-ventricular vundle, and a small branch of the
left coronary artery are found. These will be described
later. There are two papillary muscles present, the anter-
ior and the pbsterior.

Ventriculus sinister:~ The left ventricle is con-

tinuous dorsally with the left atrium with which it communi-
cates thru the mitral orifice. Seuperiorly, and to the right,
it is continued into the ascending aorta which, after paceing
undér the pulmonafy aorta, turns superiorly, and to the left,
to produce the aortic arch (Fig's. § & 6). ‘

4 As viewed fr&; the ventricular side the left atrio-
ventricular orifice is somewhat similar to the tricuspid, but
is inverted (Fig's. 9 & 10). It consists of two definite
flaps, & medial and a lateral. Both of these are fused to-
gether above and below wherevthey are joined by the papillary
muscles, the anterior and posterior respectively. The free
borders are concave anteriorly. The mediél cusp, between its
two attachments, is free, and forms the medial side of the ori-
fice along its whole extent. Projecting medially and super-
iorly from the lateral valve, is the beginning of what appears
to be e third flap (Pig.9). The significance of this flap I

am unable to'determine.






Mall (12), Tandler (16), and others describe the
mitral orifice in the human embryo of about this stage of
development as a slip-like cleft guarded by a valve consist-
ing of two cusps. No indication of the extra flap which I
have described is shown by them. The atrial surfaces of the
valves are csmooth (Fig.9). This is true also for the ventri-
cular surface.of the medial valve along which the blood nasses
to reach the aorta (Fig.1l0). However, the ventricular sur-
face of the lateral valve shows some indication of roughness
produced by the.attachment of chordae tendinae.

The cavity of the left ventricle is separable into
two portions, the body and the aorfic vestibule. The former
is by far the larger part of the cavity, énd includes all of
the space to the le ft of the latersl valve and ventral to the
margins of both cusps. It extends down into the apex, and is
filled to a large extend by trabeculae carneae. The two large
papillary muscles above described are attached ventrally to .
the ventricular wall in the region of the apex.

The sortic vestibule lies entirely to the right of
the medial cusp of the mitral valve, and is, in its inferior
part, separéted from the' left atrium by the attacheﬁ portion
of this cusp (Fig's. 6 & 9). Superiorly, the vestibule pass-
es dorsally to the right, and comes to 1ie\direct1y superior
to both atria in the region of the septum atriorum. The

walls of its cévity are smooth.

The aortic orifice is guarded by a semilunar valve

consisting of threé cusps exactly like those.of the pulmonary






valve, Its cusps are placed, however, so that there is
one superiorly and two inferiorly. On the aortic side of
the cusps are small pockets which are known as the aortie

sinuses and from which arise the coronary arteries.






Aortie arch and its branches:~ There is but & sin~

gle definite vessel‘coming off of the.aortic arch (Fig's. 5,
6, & 11). This immediately gplits into two branches, an in-
jnominate, which passes to the right and very shortly divides
into common carotid and right subeclavian, and & left common
carotid. The left sﬁbclaviap.comes off a 1little below the
junetion of the ductus arteriosus and thé"desceﬁding gorta

' (Fig;G). In connection with the sortic arch should be men-
tioned a small pocket which exténds upward,»and ends blindly
in its wall. Several similar small pouches wére found on
the.pulmonary aorta,»in'front of the pulmonary valve (Fig.6).
The significance of these I am unable to determine. _

. From'thg‘foregeing description, 1f-is readily seen
that the sepération’of'the‘systemapiand.pulménary‘aortae, the
process of which has been fully deseribed by many writers,

, is_odﬁpléted.

The atrio—ventricular bundle:~ The atrio-ventricu-

lar bundle, as is shown in PFig's. 2,3,& 11) in the 20 mm.

rig is a definite structure which stands out distinctly, in
cross section, because of thé spaces which surround it.. AS
Tandler.(16)-described. "it ié'distinguishable even under low
powers by its staining.properties". -As sﬁbwn in Fig's. 3 &
4, its nﬁclei areldark,_and the pfotoplasﬁ of its cells stains
faintl& with eosin. The ppaces.which surround it, according
to Mall'(lz);'evidently péfsist in the'adult, and form possi-
bly‘the<bufsa of the bundle = Curran (4) - and the 8péces






whieh encirole the Purkinje.fibers. ' In addition .I find iﬁ
certain sections a'sma11 rdun§ canal near éhe center of the
buhdle, the‘siznificance of‘which i.am unable to determiné.

The atrio-ventriculsr bundle has its origin infer-
idriyjin‘ﬁﬁéfmdsé*qutigsué¥1ying¢ventral to the sinus veno-
sus, and to which are attached the right sinus valve and the
septum atriorum: (Fig.4).  Running superiorly, ventrally, and
a little'tbuthenleft; it becomes flattened 1aterallj; It
now occupies & positign in that part of the interventricular .
septum known as the septum membranaceum. Cdntinuing in the
same-diredbion, it,regchés"the level of the middle of the me-
dial cusp qflﬁhe tiicﬁspid:#élve. At this point it T
cates into two‘uhequél,ﬁortions;4"The 1afger, broader limb
passes to the left and ventraily to end in the interventricu-
o B &t & point just medial to the medial cusp of the
mitral valve (Fig.1ll). The smaller, roundér limb passes
,Supétiorly and vénfrélly to the'fightAveptricle (Fig.11). 1In
its Qourse:through the modeiator band it islaccompanied by an
artery whiech will be described balow.'

The ovigin of the atrio-ventricular bundle is some-
what doubtful. _His, Sr., His, Jr. ( ), and Mall (12) con-
tend thét‘it is the remnant of the wall of the atrial cansal,
aftérqthg‘anteriér and lateral sides of the atrial canal have
been‘brokeﬂ up in the formation of the tricuspid and mitral
valves; while Tendler (16) and Betser (15) think that it

arises independently as & new formation.






The Coronary Vessels. -

Arterise coronarise:- As in the adult, the coronary

arteries aie two in humber, a right and a left. As seen in
Fig. 12, tﬁey appeér'as small rounﬁed vesgsels with relatively
thick walls. They are distributed almoest entirely to the
heart but a few small branches are given off to the roots of
the great vessels,

The right coronary ertery:- This artery sprirgs from

the superior aortic sinus, & small pocket which lies above
the superior cusp of the aortic valve. It ruﬁé downwardé and
to the right, between the root of the aorta and that portion
of the right atrium which will later becomekthe auricle, to
reach'the_corbnaryfsulcus (Fig.l). k'In this it courses in-
feriorly along with the smell cardiac vein (Pig's. 2,3,& 4).
It continues to the. left and passing the inferior interven-
tricular suleus, Where it gives off its intorventriculer
branch;ﬁends,by‘anastamosing with the circumflex brench of
the71eft‘corOnéry,artery (Fig.12), This anastamosis is ac-
complished in & fine network of vessels and c¢sn only be made
out under high maegnification. |

The interventrieulsr branch runs ventrally in the infer-
ior interventricular sulcus, supplies bLoth ventricles by short
‘branches,. and ends in & plexus on the diaphragmetic surface of
the hedrt which is fermed by ite own terminal branches and those
‘Qf;ihe-cireumfléx,énd‘interventricﬂla;'br&nches of the left cor-

ongry artery (Fig.12), In its course, in the interventricular:






“sulous, it 1lies in relation to the middle cardisc vein.
Iﬁ:addition"to-the interveﬁtricular branch, the right
coféﬁéfy §rt6}&5givés off seven or eight small anterior ventri-
chér‘braﬁchgé}iﬁich run vehfrally on the lateral surface of.
’thé'iight;Ventriglegfl Nb "merginal™ branch can be seen at |
this étagg;\but'ittis.probably represented by one of the an-

terior ventricular branehes. n

The left cofona:y artegz;- Thiq artery, as is seen in

Fig.l, Springs frqm.the e ft inferior asortic sinus. Its
trunk which is short passes ventrally between the root of the
1eft'pulmonary arch and“the left étrium to the coronary sul-
'cus. : Almost immediately it divides into a circumflex and an
.1nterventricular branch.

mhe circumflex branch turns to the left, and running in-
-feriorly, turns around, the left side of the heart to end in
two branches, one. of whlch anastamoses ventral to the coron-
ary sinus with the right eoronary artery, which the other ends
in thejgbo?e%described plexﬁs on the diaphragmatic surfgce of -
the heart'(Figis. 2,5,& 12). In its course, in the éoronary
suleus, the circumflex branch lies in relation to the great
-eardiac vein. AIt.suppiieg branches to the left atrium, the
1eft margin of the heart and the inferior surface of the left
ventricle (Fig. 3 & 12).

The 1nterventricular branch runs in:the anterior inter-
v;ntrlcular suleus, turns around the ventral margin of the

Héart,~aﬁd also terminates in the plexus of the diaphragmatic






surface (Fig.lz). »it supplies the sterno-costal surface
of both ventricles.

. Near its origin the interventricular branch of the left
60ronary artery gives off in addition & small branch which
" enters the ventricular wall, passes thru the interventricu-
1ér'sep£um, and enters the moderator band (Fig's. 2 & 11).
In this it can be traced as far as the right wall of the ven-
tricle where it terminates. In its course in the moderator
band it accompanées the atrio-ventricular bundle. Because
of its close relation to the atrio-ventricular bundle, this
brahch is of particular'interest, I have been unable to
find any mention of it in the litérature and do not know whe-
ther itlis_present in the humen heart. In the heart of the
adult pig, I have found it present constantly as a vessel of
'éonsiderable gize. It arises as described in the embryo
but courses through ﬁhe moderator band into the right wall of -
the ventricle where it breaks up iﬁto capillaries.

: From the trunk of the left coronary artefy, small branch-

es are given off'to the root of the left pulmonary arch sand

the left atrium.

Sinus coronarius et venae cordis:- Owing to the fact
that the left superior vena cavs of the pig remains as a defi-
nite vessel, the relations of the entering cardiac veins afe
somewhat different from those found in the human. As seen
in Pig. 12, there is, strictly speaking, no - definite coron-
ary sinus, for thé cardiac veins all enter the tefminal por=-

#4ion of the left superior vena cava. This portion of the






left superior vena eava which lies in the inferior portion
of the cbrohary sulcus is somewhat enlarged, and represents
the corbnary.sinus of the human heart.‘ In the following
description I have used the term "coronary sinus" to desig-
nete the terminal portion of the 1§ft guperior vena cava.
The;coronary”sinuszreceives five large veins. -They are

from left o rigﬁt; the left superior vena cava, the great
cardiac vein, the inferior cardisc vein of the left —
cle,-the'middle cardisc vein, and the rmall cardiac vein. It
empties, as shown ih Fig's.,5,7, & 12, into'the sinus venosus
Just ventral to the inferior vena cava. There is &s yet no
indication of the Thebesian valve which in the adult pig
guards its entrance.-

The 1eft superior vena cave receives the blood from the .
left side of the head and ieft upper extremity. It persists
as a 1arge,définite vessel in the adult pig. 1In thé adult
human only a small portion of it remains, which is known as
the oblique vein of Mershall (Fig.1l2).

The great cardisc vein arises about the point where the
left coronary artery splits into its cifcumflex and interven-
triéular’branches. Receiving branches from the walls of the
left ventricle and left atrium, it runs inferiorly in the cor-
onary sinus (Fig.12), Neai its termination it receives @
tather large tributery from the wall of the le £t atrium.

_ ' The inferid:vCQrdiéc vein of the left ventricle is re-
EPrasentedyby a sﬁort wide’trunk. Into it drains & number

of smell tributaries which carry blood from & l;mited'amOunt






of the diaphragmatic wall of the left ventricle. It oﬁens )
into the ventral side of.the corénary sinus about its mid-
dle (Fig.12). |

'ffhe middle eardiac vein arises about the middle of the
diaphragmatic surface of the heart in relation to the pre-
viously.described plexus of arteries. It runs dorsally in
thé'inferibr interventricular sulcus, and being joined by a
branth from the riéht side of the right ventricle, empties
into the coronary sinus on its right side (Pig.1l2).

~ The small cardiac vein is by far the 1argést of the cor-
onarj ieins of the 20 mm. pig. It arises as two definite
“véssels, one of which réceives branches from the right atrium,
while the other collects the biood from the right wall of the
right ventricle. Tﬁese.run inferiorly on either side of the
coronary‘sulcus, and unite a? the point where the right later-
al ‘and diaphr@gmafic surfaces of the heart meet. The common
ﬁrunk then runé to-the-lgft e short distance in the coronary
sulcug to empty into thé right ex%remity of the coronary éinus,
jﬁst dorsal to the éntrange of the middle cardiac vein (Fig.l2).

In addition to. the definite veins described abové, there

are a number of small veins which collect the blood from the
}atexal and inferior walls of tﬁé right atrium, and empty in-
to 'the éﬁall pardiac vein, some into its ventricular tribu-
tary, and'sdme into 4ta trunk. These, in the adult, have
- beén called fhé‘anterior cardiac veins. (Fig.12).

Little seems to have been published on the development






or observation of the coronary vessels in embryos younger
_thdn 20 mm., Iﬁ fact, Evans (6) says of the coronary arter-
jes of the}huﬁan,f"ﬂothing is knoﬁn of the development of

the cbronary arteries.‘ Tandler has noted their beginnings

in & 17 mm. human embryo (N.T.65). The only observations
known to me (1904) on this subject are the fragmentary ones

of Martin (1894) (13), and those of F. T. Lewis (1904) (10)";
and the only record which I can find of work done on the cor-
onary veinsg is hig statement, "---; of the left ductus Cuvieri
only the proximal portion is ﬁreserved as the sinus coronar-
ius (Marshall 1850) (14)". In the 20 mm. pig, while I find
thém instead of roﬁnd'énd regular, as flattened and irregu-
larly shaped channels which show enormous variation in their
size in different parts, they are, at least, definite vessels,
and with only moderate difficuity I have succeeded in making

a model of them.
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Pigure 1.

level of the origin of the 1éft eofonary artery.

4 cross section of the heart at the

(Sec~

tion 571 H.3.C. 1702) X 23.
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Figure 2. A cross section of the heart at the
level of the moderétor bundle. (Section 784 B.C.Univ.
of-lMo. #1.15) X 23.
8.8.VeDe seeecesses artery accompanying the atrio-

ventricular bundle.
BeVe scscosesscesss 8ortic vestibule.
8eVebs ceeseeincess atrio-ventricular bundle.
CeleVe eeeesesesess cavity of the left ventricle.
CoTeVe senosonnnons cavity of the right ventricle.
108y sssiosinnsrons interventricular canals.
int.s. ......;:.... interventricular sulcus.
Lo B ...;.;....;.ll intérvéntricular septum.
1;a; ..;....,.....; left atrium.
1.c;a. vrececessses left coronary artery.
MeDe seeevaseeeesss moderator band.
oes. ..;........... oesobhagus.
Pe8Be ecoeescscseesss pulmonary artery.
TeBe oecescssssases right atrium,
TeCoeBle vecseassssss’ right coronary vein.
BeCeVe eeecesesssss 8mall cardiac vein.
tx ..............i. trachesa.

tric. ceeeceovi.0.. traceculae carnse.
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Pigure 3. A cross section of the heart at the
level of the atrio-ventricular orifices. (Section 620

r.e.c. 1702) X 23.

BiVeBe covinersessd atrio-ventricular bundle

CeleBe ecovesceceasses cavity of. the left atrium, . .
CeleVe sveeenseess. cavity of the left ventricle.
CeTele sosonnssenss ca&Vity of the right atrium.

CaLuVe sunveswuaess OBTLIEY OF the'right veﬁﬁfiéls.

ZeCeVe osevtoconnnns great cardiac vein,

i.c. B interventricuiar qahé};

.80 seesensseses  interventricular septum.

INteSe eevesecesess interventricular sulcus

1.CeBle eeeesneeenss left coronary arté?y:
1.c.b.v..........;. lateral cusp of the bicuspid valve.
leceteVieseaeseeess lateral cusp of the tricuspid valve.
10SeVe eoveveense.. left sinus valve. | |

MeCebDeVe seeesesses medial cusp of the bicuspid valve.
MeCeteVe eoveevae.s medial cusp of the tricuspid valve.
oes, ...........;.. oesophagus.

PeBe eceeeceeseaecss pulmonary arteries.

TeCeBe seesesceeess Tight coronary artery.

TeBaVe sevevesnennns righf sinus valve.

SeBle  esesecesssses septum atriorum.

SeCoeVe eeesesessese Small cardiac vein.

SeVe ssacecossenss. Sinus venosus.

o Htr-‘.-cnooao-onoi.m- tr&chea.
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Figure 4. A cross section of a portion of the
heart at the level of the origin of the atrio-ventricu-

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

8eDe ceeeeesscesss atrio-ventricular bundle.
CeleBe seceececesse cavity of the left atrium.
CoeTe8Bs oesssccsesses cavity of the right atrium.
CoeSeVe sesseoccesss cavity of the sinus Venosds.
leSeVe cecescessess 1l1left sinus valve,

TeCefle sseesssvsses right coronary artery.
TeSeVe ecsveseessess right sinus valve,

S'a. ® & &0 0 00 0 00 00 Se}wtm atriorwn.
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Figure b5, The model of the whole heart as

viewed from above., X 23.

B cecessssssssssses BPEX

BeBeessesscssscsses 8Ortic arch.
QeieSececcnscescess. anterior interventricular sulcus.
le8: sccccccccseses left atrium.

leBUT eessnvnssnssss Loft auricle.
leCeCoeecocsesesses left common carotid.
leSeVeCovoeeeseessee left superior vena cava.
leVeeeosssacecseeses 1left wentricle,
TeBoeoesssassassrssee Tight atrium.
T.8UT.esesesesesess. Iight auricle.

TeCoeCs sesesssssese right common carotid.
TeSe seesccsscessss right subclavian artery.
TeSeVeCasseoosssesese Tight superior vana cava.
TeVecsosssseosssoss Tight ventricle.

t.a. cecscsesssesss tbtruncus arteriocsus.
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Figure 6. A model of the cavity of the heart

as viewed from the right and behind. X 23.

B.8e¢ cceevessesesss aortic arch.

ABeBe ovesseccsssesse dorsal aorta.
1eVeCesssceceseeeses Inferior vena cava,
1eSeBeeescoscsscssees left subclavian artery.
leSeVeoeseesesssees left sinus valve.
leSeVeCoeoeeasseossese left superior vena cava.
OES eeesesssessceses O€SoOphagus.
PeBossscceccesceseces pulmonary artery.

PeTePeBosesccsessse pockete running from the pulmon-
ary arch.

PeVeseeosssoeaessseese pulmonary vein,
TeBoessssssossesseses Tight atrium.
TeBUTeseseessessese Tright auricle.
TeCoCooosocosesosee right common carotid.
TeSeBeseeseossesees Tight subclavian artery.
PeBaVTssasoshssnsans rightlsinus valve.
TeSeVeCosssessossss right superior vena cava.
SeBevocsssscnssssse Soptum atriorum.

SeVesossessssecasssess Sinus venosus.
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Figure 7. A model of the Hustachian velve as

viewed from the atrial side. X 90.

CeleBeveceeseessees cavity of the left atrium.
CeTeBosccsccsccncsne cavity of the right atrium,
CeSeVesseossosseeaee 0aVity of the sinus venosus.
1eVeCevesnseessnsss inferior vena cave. |
leS.Veeeeeseseeeess left sinus valve.
1.SeVeCosocseasssssse 1left superior vena cava.
PeVe scecsceeecsese pulmonary vein.
TYeBeVeesseoesosssess Tight sinué.valve.
r.s.v.c...;........ right superior vena cava.
 SeBeeterrasascsssss septum atriorum.’

BaBs Gonanusassdsns geptum secundum.

lSoSoPooo-ooooooa‘-oo Sepf’lmi Sp‘llrium.

Figure 8. A model of the pulmonary walve as

viewéd from the sortic side. X 90.

1.0s  sseecesscsess inferior cusp.

SeCs sacecesssesss SUpErior cusp.
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Figure 9. A model of the bicuspid valve as viewed

from the strial-side. X 90.

8.5.1.CebeVeeeeesss lateral cusp of the bicuspid valve.
8¢eSeMeCeDeVessoeooo medial cusp of the. bicuspid valve.
. BeVesssosesssessessss 80rtic vestibule.

S.1leCebeVeeeeoeeass portion aplit from the lateral cusp.

Figure 10. A model of the bicuspid valve as viewed

from the ventricular side. X 90.

BeDeMeceooocsannne ﬁnterior papillery muscle.
BeVeeeensonnaennss 8OTtic vestibule; | |
gc.l,vg;...;...;.., cavity of the'létt ventricle.
eSevaneecsonnaans. intervéntrieuiar.séptum.

BePallars csunnnapdob posterior'papiilary muscle.

Tr e LaBePennnnns i intersl cusp of. the bicuspid valve.

V. S.b-Vom. e 000 00 00 medi&l CuSp Of the bicuspidm1v970
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Figure 11.

A model of a dissection of the atrio=-

ventricular bundle ac seen from the right ventricle. X 23.

Bassssosnasskannsen
BuBls ymanssssaanoss
QeMeDeeesascoes o«
BBy sy snnennesys
1eSececseossncsesscsns
1eVeCovoonoecoosee
leCtBceesccccscnns
leleBeDassossncnns
O0€Seeeasasosancane
OoBabyessciiosnnns
TeBosossoonnvonans
r.c.c‘.;;.....;i.a
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r-S.V.C.........-.

t.a...........g-..,

apex.

saortic arch.

artery of the moderator band.
dorsal aorta. | |
interventricular sulcus
inferior vena cava.

left coronary artery.

~left 1limb of the atrio-ventricuiar bundle.

moderator band.
oesophagus
origin of the atrio-ventricular bundle.

right atrium,

‘right common carotid.

right 1limb of the etrio-ventriculer bundle.:
right superior vena cava.

truncus arteriosus.
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Figure 12.

onary vessels as seen from below. X 23.
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