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4 ON THE STRUCTURE AND CONNEXIONS

Lastly, in front of the aorta, the pulmonary artery arises. This
orifice lies obliquely, looking upwards and to the left; and is on
a plane superior to the aortic aperture.  This is the result of the
infundibuliform prolongation of the muscular fibres of the right
ventricle upwards, and this disposition is especially marked in
the human hearl, the muscular tissue being continned upwards
to the pulmonary artery higher in man than in any of the animals
whose hearts I have more particularly examined,—as the horse,
ox, sheep, &e.; otherwise the relative position of the four orifices
corresponds very exactly with the arrangement above deseribed.
Although at the first glance the aorta and pulmonary artery
appear to arise in close connexion with each other, yet, if we
dissect down between the two vessels, we: shall find them sepa-
rated at the base by an interval of museular tissue. The same
arrangement oceurs between the adjacent portions of the aorta
and right aurvicle ; and by a carefal dissection continued down-
wards, we at last arrive at the thin border of the right ventricle
between them. - Between the adjacent surfaces of the aorta and
left auricle, however, no such separation can be effected. The
relative situation of the four orifices is easily seen by removing
the fat and coronary vessels from: the base of the heart, and then
cutting off the auricles and great vessels on a level with the base
of the ventricles. The two arterial orfices are circular;  the
auriculo: ventricular apertures are oval, their long diameters being
at right angles to each other—i. e.; in the left transverse, and:in
the right from before backwards. After prolonged boiling,* the
fat and coronury vessels will separate from  the buse of the heart
with great facility, and the grooves in which the vessels lay are
well seen. - The arrangement to which their existence is due will
be presently éxamined. . With very little care we can separate the
auricles from the ventricles; and it is safer to use the handle than
the blade of the scalpel for this purpose, for we then run no risk
of dividing any fibres : a little more difficulty will usually occur

¥ From one to two hours for a human or sheep's heart, and four or five
hours for the heart of a horse or ox. It is a good plan to fill the eavities
previously with cotton wool. The heart is prevented from shrinking, (which
ptherwise it will do,) and its shape is preserved.






6 ON THE STRUCTURE AND CONNEXIONS

general direction from the septum and aortic orifice obliquely
outwards to the right.* The margins of the apertures are smooth
and well defined ; that bounding the pulmonary orifice is thin,

Fig. 1.

< but the others are much thicker and convex ; and this especia =y
applies to the left auriculo-ventricular border. A close inspection
- and careful examination of the general arrangement and direction
of the muscular fibres (which are well seen in a heart after pro-
longed boiling) will enable us to understand the formation of
these thick convex borders; and it is important, as they are
closely connected with the construction and functions of some of
the valves. It may now be plainly observed that the fibres form-
ing the walls of the ventricles converge around the rings. We
can easily trace them up from the walls of the ventricles, curving
obliquely over the convex border, and having their extremities
fixed around the orifices. 'We may remove them layer after layer,
and still find the same arrangement to obtain; the deeper layers

% The terms left and right, &c., apply to the heart.




OF THE VALVES OF THE HUMAN HEART. 7

lying more transversely, and obliquely intersecting those above
and below. It is unnecessary now to enter more at length into
the arrangement of these fibres, and perhaps enough has been
said with regard to the formation of these thick and convex
borders. A vertical section through some portion of the circum-
ference of one of the apertures (through the aortic or left auriculo-
ventricular) will convey the best idea of the shape and thickness
of these borders, both of which vary considerably at different
parts, the outer and inner walls being in some situations, as
around the aortic orifice, (fig. 2,) almost equally convex, while
around the auriculo-ventricular apertures, especially the left, (figs.
8and 9,) the outer wall forms almost: the entire convexity, the
direction of the inner being nearly straight.

The tendinous circles (fibrous zones, framework of the heart,
&c.) surrounding the orifices are generally described as “firm
rings ;” structures quite distinct from, although closely connected
with, the surrounding parts, which, besides serving as points of
attachment to the base of the fricuspid and mitral valves, afford
origin and insertion to all the fibres of the auricles and ventricles.
Beyond the thickened and attached bases of the auriculo-ventri-
cular valves, there does not exist, around the entire circumference
of the rings, a sufficient quantity of fibrous structure to justify the

descriptions and terms applied, or the uses ascribed to it. After | "

removing the auricles as before described, there remain delicate
fibrous rings surrounding the margins of the auriculo-ventricular
apertures, and closely connected with the muscular fibres of the
ventricles, denser and more plainly marked on the left side. In
the anterior half of the border of the ventricular septum, a con-
siderable portion of dense fibrous tissue is found closely connected
ab its anterior extremity with the adjacent posterior portion of
the commencement of the aorta, and causing the difficulty in its
separation, as also of the auricles at this part, before noticed.
Spreading out posteriorly between the ventricles;, but especially
curving round to the posterior portion of the left auriculo-
ventricular ring, this fibrous band adds considerably to its thick-
ness. In structure it possesses all the characters of the densest
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fibrous tissue. On the opposite side also, a thin but dense portion
of fibrous tissue extends from the aorta round the left margin of
the ring. More delicate processes of the same structure are
generally connected with the aorta, and extend inte the museular
subslance of the ventricle between the pulmonary artery and left
auriculo-ventricular orifice. In separating the vessels, however,
from the ventricles, we find that with them we can remoye all
fibrous structure, leaving an edge of muscular tissue.
1 Of the three pulmonary valves, one is posterior, one forwards
- and to the right, and one forwards and to the left. = Of the three
| aortic valves, one is opposite the ventrieular septum, one to
~ the left ; and one anterior, inclining to the right, corresponds to
- the muscular substance of the ventricle between the pulmonary
and right auriculo-ventricular - apertures. Of the tricuspid
valves, one corresponds to the ventricular septum, one lies to the
right, and the other forwards and to the left. Lastly, of the
two mitral valves, one is anterior and somewhat to the rnght, the
other posterior and to the left. The three semilunar valves of
each artery are of tolerably uniform size; this, however, is by no
means the case with the auriculo-ventricular valves. The pos-
terior mitral valve is smaller and thinner than the anterior, and
is more or less deeply cleft in its centre; the division in some
cases extends almost to the base, and this valve then consists of
two segments. -~ Of the tricuspid valves, the anterior is generally
the largest, and the right the smallest segment. The form and
arrangement of these valves have been frequently described, and
the smaller portions also which are found between the prineipal
segments. Indeed, towards their attached border the valves are
continued into each other, so as to form an uninterrupted mem-
branous ring. .
Notwithstanding the time and attention which have been
bestowed in investigating the struciure of the valves of the
heart, one very important means of obtaining a clear idea of
their construction appears to have been  entirely unheeded or
overlooked —viz.; the plan of making vertical sections through
various parts of the four rings. I do not remember to have seen
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10 ON THE STRUCITURE AND CONNEXIONS

to the middle of the stout, tendinous, semilunar margins, The
middle coat of the artery presents a festooned border, divided into
three convex, semicircular segments, which are received into,
and attached to, the corresponding notches of the tendinous
ring.”*  Dr. Reidf has given a detailed account of these
festooned rings, and describes their appearance differently. He
1s disposed to regard them as distinct and independent structures,
closely indeed connected with, but separable from, the surround-
ing parts. He says: “Each of these arterial rings appears as if
composed of three semilunar portions, placed on the same plane,
the convexities of which are turned towards the ventricle, and the
concavity towards the vessels. Kach of these semilunar portious
has its projecting extremities intimately blended at their termina-
tion with the corresponding projecting extremities of those next
to it, so that the three form a complete circle, with three trian-
gular portions projecting from its upper edge. The semilunar
portions approach fibro-cartilage in their structure, and have the
intervals left between their convex edges filled with a texture
more decidedly fibrous, and which is considerably weaker than
the semilunar portions, more particularly on the left side of the
heart.”t TFrom repeated observation, it appears to me that what
has been deseribed as the upper and thickened festooned border
is the result of the attachment of the bases of the valves to the
arterial coat, and is formed by an intimate union of the fibrous
tissue composing the valves with the elastic coat of the artery.
1. These festooned rings correspond exactly with the attached
bases of the valves ; and hence their shape. 2. They are thickest
and most strongly marked at the angle formed by the junction of
two valves, to which points the bands of fibrous tissue in the
valves converge. 3. The microscope shows these festooned rings
to be composed of a mixture of the white fibrous with the yellow
| elastic tissue—an arrangement naturally to be expected from an
intimate union of the tendinous tissue of the valve with the
arterial coat. The proper tissue of the arterial walls terminates

# Quain and Sharpey’s m;agamj and Physiology, p. 1118.
+ Cyclopsedia of Anatomy and Physiology, art. © Heart.”
T Op. cit,, vol. ii. p. B8R,
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indeed i these festooned rings, below which it 1s not found. , The
muscular fibres of the ventricles are attached to the lowest por-
tion of their convexity, and extend upwards for a short distance
into the intervals left between the eonvex margins of the fes-
toons ; thus presenting an undulating border around the base of
the vessels; while the upper portion of the space forming the
apex of the angle between two valves, which is destitute of mus-
cular fibres, is occupied by a thin layer of white fibrous tissue,
containing some few yellow elastic fibres scattered irregularly
through 1t.

If we now make a section through the anterior aortic valve,
the view represented in figure 2% is obtained. The aorta and
pulmonary artery, (Figs. 2 and 3,) expanding towards their

Fig. 2. Fig. 8.

1, Section of arterial coat, 2. Section of valve. 3. Section of ventricle.

termination, are situated upon the outer edge of the ventricular
border before described ; the consequence of which arrangement
15, that the portion of valve adjacent to the vessel passes over, and
rests upon the muscular substance—is supported upon the inner
bﬂ'rd-:ar of the free edge of the ventricles surrounding the arterial
orifices. This arrangement, in consequence of the small size of
the parts, is not so obvious at the first glance in the human
heart, but can scarcely be overlooked in an examination of the

W : .
These sketches are purposely made somewhat diagramically, in order to
show more clearly the relations of pavts,
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heart of any one of the larger animals.  Figures 4 and 5 are ae-
curate sketches from preparations in the Museum of St. Bar-

Fig. 4. Fig. 5.

tholomew’s Hospital, exhibiting vertical Sectiﬂ_IIIE: of the anterior
aortic and pulmonary valves of the ox. Any doubt as to the
nature of this disposition of parts in the human heart, 1s at onece
removed by an examination of the same parts on a larger scale,
This arrangement appears of importance when viewed in connexion
with the functions of the valves. Dr. Reid* deseribes the reflux
as sustained in part by the festooned rings at the base of the.
valves, but in fact they are thinnest at this very part, correspond-
ing to the central portion of the eonvexity of the valve; and if
the description previously given of the formation of the tendinous
festooned rings be a eorrect one, it is obvious why it is so—the
thicker portions being the projecting angles, at the junction of
two valves, to which points the tendinous fibres of the valves
converge. Probably this arrangement will be better understood
from the accompanying sketches than from any lengthened verbal
description. Now, inasmuch as the posterior portion of the
aortic orifice is continuous with the left auriculo-ventricular ring, no

* Cyclopwedia of Anatomy and Physiology, art. © Heart.”
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more immediately taken,) which exceeds the other considerably in

size, embraces the whole of the right side, and the right half of

the back part of the orifice of the aorta, while the little bone

(Fig. 7), not generally found in the smaller ruminants, as the
Fig. 7.

AT

sheep, its place being occupied by a portion of dense fibrous
{issue, extends from the middle of the left side, round to the
posterior part, where it more or less nearly joins the extremity of
the larger bone. Thus, the lateral and posterior portions of the
aorfic orifice are surrounded by firm bony arches, meeting poste-
riorly in the centre. From the large bone a small process nsually
passes backwards for some distance info the muscular substance
of the septum between the ventricles, and is gradually lost in the
dense fibrous tissue found in this part surrounding the right bor-
der of the left auriculo-ventricular aperture ; and from the convex
surface of the smaller portion, a thin process of dense fibrous
tissue 1s continued round the left margin of the auriculo-ventri-
cular orifice. These heart-bones are intimately connected above
with the middle coat of the aorta; on the inner surface with the
base of the adjacent arterial valves; and posteriorly with the an-
terior mitral valve; while at the sides, to their external and
inferior surfaces, the muscular fibres of the veuntricle are attached.
They may be seen and felt in the base of the pouches formed by
the two posterior aortic valves, and no doubt greatly assist in
sustaining the “force of the reflux.” The larger bone, towards
its posterior extremity, is usually pierced by one or two foramina.
They possess the structure of ordinary bone; and they occupy
the position of the two posterior festoons of the aortic valves,
These curious bones seem to have atfracted comparatively little
attention. Generally, iudeed, only one is mentioned, under the
name of “ heart-bone.” Haller,* in a small section headed “ Os
Cordis,” refers, as- usual, to numerous authors who have men-

* Elementa Physiologie, liber iv., seet. xviii.
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tions of different portions of the arterial valves, elastic fibres
have been constantly found. They exist most abundantly in the
thicker portions of the valves, but even in the thinner portions
(lunule) a few delicate, bul well-marked elastic fibres may be
generally seen, especially after the addition of acetic acid, which,
of course, assists greatly in bringing them to view. The exist-
ence of muscular fibres in the arterial valves has been often
affirmed. They are described by many of the older anato-
mists,—Lancisi,* Senac,t &c. Morgagni says thaf ﬂesh_f,f'ﬁﬁr'es
are very visible in the valves of the pulmonary artery, but
1t 1s not so easy, he adds, to demonstrate them in the valves of
the aorta. He represents them, however, in the valves of this
vessel.] Cowper§ | speaks of ““carneous fibres variously inter-
woven.” Winslow|| declares that, “In examining these valves
by the microscope, we find some fleshy fibres in the duplicature of
the membranes of which they are composed.” Haller®] alludes
to some eminent men who describe them as forming two muscles
which contract and dilate the valves. IHe himself speaks very
cautiously, and strongly doubts their existence. More recently,
Dr. Monneret** has given an elaborate description of  several
bundles of organic muscular fibres, which he declares exist
in the valves. He divides them into two sets, aecording to
their direetion and supposed action, elevators and depressors, and
he continues— These fibres, under a power of seven hundred
diameters, had all the characters of the muscular fibres of organic
life, being, namely, smooth and eylindrical.” () Mr. Moore;++
after quoting some authorities in support of the opinion that mus-
cular fibres exist in the valves, also figures two  sets, whieh he
describes as dilators and retractors. I have repeatedly sought for

#* De Motu Cordis.

+ Traité de la structure de Ceeur (livee i), where numerous authorities are
mentioned who deseribed the valves as museular,

T Adversarin Anatomica omnia, tab, iv.

§ Myotomia Reformata.

| Bxposition Anat. de la Structure du Corps Humain, p. 592.

€ Hlementa Physiologisme, liber iv, sect. 10.

*% Tu a paper “ On the Structure and Physiology of the Valyes of the
Aorta and Pulmonary Artery.”"—The Lancet, Dee, 29, 1850,

t+ In a paper in the Medical Gazette, March 8, 1850.
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18 ON THE STRUCTURE AND CONNEXIONS

The section plainly shows that while the lining membrane of the
aurm]e is continued on to tlli:* valve by a gentle curve, an acute
angle is formed beneath, between the under surface of the. yalve
and the. inner wall of the ventricle. Tn tracing downwards the
muscular wall of the auricle, we now at once observe, what was
before noticed, that it is continued on to the inner surface of the
ventricular border, and if minutely examined is seen to terminate
by two attachments. The external portion, which is considerably
the larger, is closely attached to the fibrous structure forming the
auriculo-ventricular ring, while the thinner internal portion is
continued forwards for.a very short distance between the surfaces
of the valves, and terminates more or less abruptly by an attach-
ment to its tendinous tis:ue. Tlus 1s generally best seen in one
of the tricuspid valves, where, in a vertical section, the muscular
fibres may be often observed tetminating beneath its upper sur-
face, immediately beyond its attachment to the ring. In the
posterior mitral valve the muscular fibres seldom penetrate so far
forwards ; and this appears to result, when a section of the parts
is examined, from the much greater thickness and density of the
lining membrane of the left anricle.® The observance of this
arrangement is of importance in enabling us to explain some con-
tradictory statements which will be presently noticed. The above
deseription will hold good for all the valves, with the exc:eptiqn
of* the 'anterior mitral, the construction of which may now be
examined. |

If we dissect down between the anterior wall of the left auncle
a,nd the posterior surface of the ﬂnrm, we shall find that the cen-
tr-.ﬂ fibres of the auricular wall are closely attached to the adj jacent
W all of the vcﬁse‘: A httle further dissection on either side will
'-hﬂ\‘i that the muscular substance of the left ventricle is deficient
betw_een these parts. At the sides, indeed, it is found, but is:
gradually lost at some distance from the mesial line, Henceit

i'T']-,'E':di{I"e'mnu'e between the lining membranes of the two auricles is very
marked,—s0 ohvious indeed that it ia generally easy to tell at a glance to which
aurdclesa portion of the lining membrane given for imspectioit belongs.  On the
left: Hﬂﬂ it-is; miweh thicker; tongher, and moro opaque, not allowing the colour !
of the musnln beneath to be seen through it as on the right side. I
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valves.  1f now we trace the muscular wall of the auricle down-
wards, it 1s observed terminating by two distinet in-ertions, The
anterior (the larger) division of fibres is attached to the posterior
surface of the aorta, opposite to and below the festooned ring ;
while the posterior portion is continued directly downwards for a
short distance into the valve, and terminates more or less defi-
nitely by an attachment to its fibrous tissue. In tracing down-
wards the wall of the aorta, we observe that, descending nearly
verticallv, and becoming suddenly much thinner opposite the
upper border of the semilunar valve, it is continued down to the
festooned ring, (shown in section;) or, in other words, that it
here becomes blended with the base of the semilunar valve.
Below this, we trace a dense layer of fibrous tissue, before de-
scribed as existing below, and filling np the spaces between the
attached bases of the semilunar valves, descending for some dis-
tance into the mitral valve, immediately behind its anterior sur-
face. 1Itis by a close attachment to the posterior surface of this
layer that the muscular fibres of the auricular wall, which descend
into the valve, terminate. This layer of fibrous tissue may, how-
ever, be generally traced downwards into the valve farther than
the museculur fibres. The boundary, then, between the aortic and
auricular apertures is formed above the mitral valve by the pos-
terior wall of the aorta, terminating at its junction with the bases
of the semilunar valves, and immediately below the posterior sur-
face of which is attached the greater portion of the musecular
fibres forming the anterior wall of the left auricle. The extremi-
ties of the two bones which in ruminants replace a portion of the
lateral and posterior divisions of the festooned ring, nearly meet-
ing in the centre behind, give additional support to the structures
entering into the formation of the mitral valve.

The tissues composing the auriculo-ventricular valves have
frequently been examined, and very contradictory statements have
been advanced as the result of observation. That the greater
portion of the valves is composed of white fibrous (tendinous)
tissue, is generally admitted, and this appears derived in great
part from the chorde tendineee, which spread out at their insertion
into the substance of the valve. Kiirschner’s now well-known
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description of the arrangement of the three orders of tendinous
cords in the valves must be allowed to be very aifificial. It 1s
best seen 10 the anterior mitral, and in the largest tricuspid valve.
An observation long since made by Cruveilhier has generally
been overlooked. He says,—* the chorde tendinew of the heart
terminate in the auriculo-ventricular zones, either directly, or in-
directly through the medium of the valves.” * There can be no
doubt that a considerable portion of tendinous fibres passes {rom
the insertion of the cords to the zones, and many of the smaller
cords themselves pass up directly into the angle formed between
the under surface of the valve and the inner surface of the ven-
tricle, and at once enter into the formation of the fibrous zones.
These cords are generally short, and many of them spring from
the wall of the ventricle behind the valve. Therefore, it results
that these zones are densest and most strongly marked in these
portions corresponding to the attached borders of the valves, and
gradually become less distinet towards the intervals between
them. It has been generally noticed that the left zone is alto-
gether denser and stronger than the right. Thus 1t 1s, as has
been already suggested, that the greater portion of the auriculo-
ventricular zones is more properly to be considered in relation
with the valves.

The most superficial glance at any one of these valves will
show how unequally the tendinous tissue is distributed through-
out their substance, and that it exists in great abundance along
their attached margins, which are thus much thickened and con-
densed. The upper attached portion of the anterior mitral valve
also receives ifts fibrous tissue from another source—viz. from
that layer already described as descending a short distance. into
its substance from the inferior border of the arterial wall. It has
also been mentioned that in this layer of fibrous tissue a moderate
quantity of yellow elastic tissue is blended, and these fibres are
therefore found in the upper portion of the mitral valve. Is it
confined to this situation? and does it exist in the other valves?
The presence of elastic tissue in any of the valves does not appear

* Anatomie Deseriptive, par J, Cruveilhicr, vol. iil, p. 24,
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to have been noticed. It has been deseribed as existing abun-
dantly beneath the lining membrane of the auricles, but is said
to be absent beneath the lining membrane of the ventricles,
and in the valves. In numerous examinations it has been found
very scantily scattered beneath the lining membrane of the ven-
tricles, except, perhaps, over the columne carnem, where the
membrane is especially thin; but in the auriculo-ventricular
valves it may be found more abundantly, especially in the
thickened portions, and near their atiached borders, beneath the
under as well as the upper surface. 1t exists more plentifully in
the anterior mitral valve, especially towards the upper part. Tt
may also be detecled in the chorde tendinee. 1t is, however,
more abundantly found in the arterial than in the auriculo-ven-
tricular valves. |
Liastly, are muscular fibres contained in the auricnlo-ventricular
valves? Their presence has been alternately affirmed and denied.
Dr. Reid* asserts that they do not exist in the valves of the
human heart, and says, “in making examinations of this kind we
must be exceedingly eareful not to mistake the tendinous fibres
when they are tinged with blood for muscular fibres; for nnder
these eircumstances,” he contimues, “ they certainly at all times
assume the appearance of muscular fibres.” If the microscope
be employed, this mistake is not likely to happen. Lancisit and
Senac} long since described muscular fibres in the segments of -
the auriculo-ventricular valves, and Kiirschner has more recently
confirmed the observation. He says, * The auriculo-ventricular
valves are composed (besides their proper tissue and the endo-
cardium) of the continuation of the tendinous cords, which usually
spread out like palm-leaves, and are interwoven ; and of muscular
fibres, of which a certain number may be traced (especially after
several days’ soaking in cold water) passing from the adjacent
wall of the auricle into the interior of each division of the valves,
and connecting themselves with the ends of the tendons of the

# Oyclopmdia of Anatomy and Physiology, vol. ii. p. 589.
+ De Motu Cordis.
1 Traité de la Structure du Coour, livre i. p. 76.
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second order in the central portion of the valve.”*  The exist-
ence of muscular fibres in the valves is not generally admitted.
Probably these contradictory statements may be in some measure
reconciled by a consideration of the arrangement already de-
scribed, and by a reference to the sketches. The internal fibres
which have been mentioned, descending from the auricular walls
into the valves just beyond their attached margins, may be
traced fo a greater distance into their substance in some cases
than in others. They generally terminate by a tolerably well-
defined margin; but this varies. They usually descend for a
greafer distance between the layers of the anterior mitral valve,
mmmediately in front of its auricular surface; but even here they
are seldom found stretching far into the valve—not terminating,
however, so abruptly. Although extending below the attached
bases of the semilunar valves, I have never succeeded in tracing
them so far as the central portion of the valve, as described by
K_ﬁrsnhner; and it is difficult to conceive what advantage is J y
gained by previously soaking the valves for several days in eold =
water, if the microscope be employed ; and without this instra-"
ment, observation will be of little value, for we are very likely to
fall into; the error before alluded to by Dr. Reid. Therefore, if

a portion of the attached border of a valve, Immedlately below its
upper surface, be examined, muscular fibres in ‘abundance will
generally be detected ; whereas, if sought for in any other portion
of the valve far from its attached border, according to the fore-
going observations, they will not be found.

It may be well, in conclusion, to enumerate the principal points
which have been discussed in the preceding pages. An attempt
has been made to explain,—

The real connexion that exists between the auricles and ven-
tricles, and their relation to the fibrous rings ; the formation of
the grooves in which the coronary vessels lie, &e.

The nature and mode of formation of the “tendinous festooned
rings” surrounding the arterial orifices.

The exact connexion existing between the semilunar valves and

* My, Paget’s Reports for 1843, p. 1.
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