Heart / by John Reid.

Contributors

Reid, John, 1809-18409.
Royal College of Physicians of Edinburgh

Publication/Creation

London : Marchant, printer, 1838.
Persistent URL

https://wellcomecollection.org/works/dfc347fe

Provider

Royal College of Physicians Edinburgh

License and attribution

This material has been provided by This material has been provided by the
Royal College of Physicians of Edinburgh. The original may be consulted at
the Royal College of Physicians of Edinburgh. where the originals may be
consulted.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

B r

]

| 1

| |
[

o







: HEART.

HEART (in anatomy). Or. xexe, xeediz;
~Lat. cor; Fr. ceur; Germ. Herz; ltal. cuore.
" The movement of nutritious juices through the
" texture or textures of which an organized body
~is composed, is a fundamental law in Physio-
logy. In proportion as the vital actions become
more complex and energetic, the more a rapid
“and certain circulation of these fluids, which
is intimately connected with this condition,
~ becomes indispensable, and for this purpose
~ we have a pulsatory sac or sacs, called hearts,
~ su ded to the circulatory apparatus. Ano-
i_ ther invariable concomitant of this energetic
i‘manil‘estatiun of the vital phenomena is the

more perfect exposure of the nutritious fluids
~ to the atmospheric air, and this, combined with
~ the dissimilar media in which different animals
~ live and move, necessitates very important
- modifications in the number, position, and
structure of these pulsatory sacs. These hearts
- were until lately supposed to be exclusively
~ confined to the sanguiferous vessels, but Miiller
‘and Panizza have discovered distinet pulsating
‘sacs placed upon the lymphatic vessels in
“several of the reptile tribe, and these may be
_F_f-mnsidered lymphatic hearts.
~ In the lowest organized plants, as the Fungi,
E.Mgm, &¢c. and in the lower classes of animals,

‘as the Polypi, Actiniz, and a great part of the
intestinal worms, the nutritious fluids are trans-

' mitted through their substance without any
~ distinct canals or tubes; while in the higher
‘classes of plants, and in the Meduse, &e.
among animals, vessels are present, but these
are unprovided with any pulsatory cavities. In

~ the articulated animals generally, the vessels
are still without any pulsatory cavities ; but to
~make up for the deficiency, the dorsal vessel

ﬁ‘itaelf has a distinct movement of contraction’

‘and relaxation. Various pulsatory dilatations
‘are placed upon the vascular system of the

“common worm ( Lumbricus terrestris ) ; one or

|

‘we have a still nearer approach to the double

two upen the vascular system of the Holo- 38
thuria ; and one in the Talpa cristata, whera @i
the dorsal vessel is reflected upon itself at the S8s
posterior extremity of the body to become con t
tinuous with an analogous ventral vessel ; all off)
which may be considered as rudimentary hearts. =S5
As we rise in the scale of animals, we find S8
that the heart consists of two distinet portions—i S8
of a stronger and more muscular cavity calledi®
a ventricle, and of a weaker and less muscular,
cavity called an auricle. The latter not only
serves as a kind of reservoir to the former, but
also, by the contraction of its muscular fibres{#¥
drives the blood into it. This heart is placed; &}
within a sac or pericardium, and possessesis
valves to prevent the regurgitation of the blood| !
from the ventricle into the auricle, and fromj{is
the aorta back again into the ventricle. Thigi
may be considered as a perfect single heart S0
This single heart in some of the Mollusca and:
in Fishes which have a double circulation, 8l
Erup&]s the blood not only through the lungs
ut also through the body. In the Batrachian[S
Reptiles, as in the Frog, though the circulation{ 8
15 single, the heart becomes more complicated ;888
for instead of a single auricle we have two, oneif!
of which receives the blood returning from thei
respiratory apparatus, the other receives the
venous blood of the body. The pulmonic andi
systemic circulations are here separated as far "}
as the auricles are concerned; but a singlef
ventricle in which the venous and arterialized;
blood are intermixed, still continues to
the sanguineous current both through the lungsf
and through the body. In the Ophidia or aer-:
pent tribe the heart possesses the same numbery
of cavities as in the Batrachian Reptiles ; but)
circulation in the presence of a rudimentary’
septum ventriculorum. In some of the Sauria, |
as the Crocodile, the ventricle is divided byji8¢

partitious into distinet chambers, which never-f
B i |
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theless communicate freely with each other. It
would appear, however, from Meckel's deserip-
tion, thut the ventricle is divided by a complete

| septum into two separate and distinct chambers
- the Crocodilus lucius.

In the Mammalia
and Birds, where no intermixture of the venous
and arterialized blood takes place, but where

. all the blood sent along the aorta has been pre-

viously subjected freely to the influence of the
atmospheric air, we find two distinct hearts,

- which in the adult have no communication

with each other; one the respiratory heart for
the transmission of the blood through the lungs,
the other the systemic heart for the transmission
of the arterialized blood through all the textures
of the body. These are not placed separate
from each other, as in some of the Mollusca,
which with a double circulation have an aquatic

| réspiration, but are in juxta- position, and in

| fact many of the muscular fibres are common
to both.

Husmax Heart (normal anatomy ).
Position—The heart in the human species
is lodged within the cavity of the thorax, occu-
pies the middle mediastinum, and is enclosed

| In a fibro-serous capsule called pericardium,
| 1tis placed obliquely from above downwards
| and from behind forwards, in front of the spine

and behind the sternum. The apex is directed
downwards, forwards, and to the left side, pro-
Jects into the notch on the anterior margin of

| the left lung, and in the quiescent state of the
~argan corresponds to the

osterior surface of

the cartilage of the sixth rib. The base looks

Il dorsal vertebra.

| upwards, backwards, and to the right side ; is

separated from the anterior part of the spine by
the pericardium, wsophagus, aorta, and other
parts which lie in the posterior mediastinum ;
and extends from about the fourth to the eighth
Its right margin rests upon
the upper surface of the cordiform tendon of

| the diaphragm, by which it is separated from

the stomach and liver; its left margin, which
is more vertical, looks upwards and to the lefi
side, and occupies an excavation on the inner
surfice of the left lung. Tts posterior or flat
surface rests partly upon the eordiform tendon
of the diaphragm, having the pericardium inter-
posed between them, and partly upon the inner
concave surface of the left lung.*  Tts position
corresponds to the union of the superior third of
the body with the two inferior thirds. The lungs
overlap the lateral, and part (rarely the whole)
of the anterior portion of the heart, leaving
only in general about an inch and a half or
two square inches of the anterior surface of the
right ventricle uncovered by the lung. It is of
importance to remember this fact in percussing
this region. The two sacs of the pleure, as
they pass between the spine and sternum to
form the mediastina, are interposed between
the luugs and the heart. The heart is subject
to slight change of position from the influence
of the contiguous organs, It is carried a little
downwards during violent contraction of the

* In the lower animals its position is vertical,
occopying the mosial line of the I.Il:ldj'-.

di?}hmgm} and is pressed upwards when the
abdominal viscera are strongly compressed by
the powerful contraction of the abdominal
muscles. During expiration it has been seen
to recede deeper into the thorax, and during
nspiration again to come forward, When the
body is bent to the right side, the apex recedes
from the inner side of the left wall of the
thorax ; when bent to the left side, it is still
more closely approximated to it.

Form and external surface—1Its form is that
of a flattened cone, and’ it is neither symme-
trical as regards- the mesial line of the body,
ner (as we shall afterwards find) is the organ
itself symmetrical. It presents an anterior and
4 posterior surface; a right inferior or acute
margin; a left superior or obtuse margin; a
base, and an apex. [ts anterior surface, which
15 also turned towards the left side, is convex
and considerably longer than the posterior and
right, which is flattened. On the anterior sur-
face of the heart we find a distinct groove,
running nearly in the axis of the organ, passing
from above downwards and from right to left,
and containing the left coronary artery. A
larger portion of the heart appears to lie to the
right than to the left of this groove. There is
a similar groove on the posterior surface, which
1s nearly vertical, shorter than the anterior, and
contains a branch of the right coronary artery.
These two grooves are connected with each
other at or near the apex generally by a small
notch, which is sometimes of sufficient depth
to give the heart a bifid appearance.* These
grooves mark the division of the heart into
right and left sides. These terms are, how-
ever, more applicable when deseribing the
organ in the lower amimals; for in the human
species the right side is also anterior and infe-
rior, and the left side posterior and superior.
Near the base of the heart and at the com-
mencement of the longitudinal grooves, we find
a circular groove deeper anteriorly than poste-
riorly, which contains in its posterior part the
coronary vein and branches of the coron
arteries. This circular groove points out the
division between the auricular and ventricular
portions of the heart. Two large arteries are
placed in front of the anterior part of this
groove, the one posterior to the other. That
nearest to the groove is the aorta, which springs
from the base of the left ventricle; the one
placed anterior is the pulmonary artery, which
arises from the upper part of the right ventricle,
and at its origin covers, along with that of |
the ventricle to which it is attached, the COm=
mencement of the aorta. The veEtriclm Fn&rn;_.
the princi rt of the heart, and oceup ;
miﬂEIB n“]:fiﬂﬁ , while the auricles are f):'med
at the base. e base of the ventricles 1s con-
nected to the base of the auricles. Two large
veins, the superior and inferior ven® cavee,

®* This notch in the human heart looks like ﬂm;"
rudiments of the fissure which in the Dugong snd

Rytina separates the two ventricles from cach nt.:gi

nearly up to the base. This bifid form of the heart,
Whir.l'r is merely a temporary condition in the hu=
man species, is permanent in the Dugong and Ry=
tina, Sce fg. 264, vol, i. p. 676, t
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enter the right, and the four pulmonary veins
pass into the left auricle. The apex of the
eart is in general formed by the left ventricle
alone. The base of the ventricles is cut ob-
liquely from before backwards and from above
downwards, and this explains how the anterior
surface of the ventricles should be longer than
the posterior. I have found the difference of
length between the two surfaces in a consi-
derable number of uninjected hearts to vary
from half an inch, or rather less, to an inch.
There is little difference between the length of
‘the two ventricles in the uninjected heart. In
the injected heart the anterior wall not only
~ becomes elongated but muck more convex,
while the posterior wall i1s simply elongated,
s0 that the difference in length between the
anterior and posterior surfaces becomes in-
ereased. This change is more marked in the
right ventricle than in the left. Cruveilhier
“slates that he found the anterior surface of the
left ventricle to exceed the posterior by nine or
ten lines, and the anterior surface of the right
to exceed the posterior by fifteen lines. These
measurements have evidently been taken from
injected hearts. On the surface of the heart,
but more particularly upon the anterior surface
- of the right ventricle, a white spot, varying in
size, is frequently observed. According to
- Baillie it is placed on the free or inner surface
~ of the external serous membrane.* These spots
- are so common an appearance that it is some-
- what difficult to believe that they are morbid.
g is, however, very probable that they are the
result of some inflammatory action.
~ Except in very emaciated subjects there is a
-i‘.%reater or less quantity of fat mm}?ing the
- auricular and ventricular grooves. This fat is
%enemll}r in greater abundance in old subjects
than in young, in accordance with the general
law, that the adipose tissue in young persons
is principally collected on the surface, and in
~ old persons around the internal organs. When
?ﬁn greater quantity, it is deposited along the
“ramifications of the coronary vessels, and may,
~in cases of great obesily, almost completely
f;:velu e the surface of the heart. It is gene-
rally placed in greater quantities on the right
ide than on the left.
~ The human heart may be considered as con-
sisting of two distinct hearts separated from
'%?ch other by a fleshy septum, and which in

the adult have in general no communication.
Er

e position of the fleshy septum separatin
he v}:ftricles 18 m:trlsn“'.ﬂ:l.:IIr b}fpthe ?&EII;tl;iﬁulagr
ves. Each heart copsists of an auricle and
ventricle which communicate by a large orifice.
[he right heart is occasionally termed the pul-
monic heart, from its circulating the bloed
rough the lungs; and as it circulates the
lark blood it was termed the caur @ sang noir
by Bichat. The left is occasionally called sys-
temic heart, as it circulates the blood through

4
_ " In three hearts in which I carefully examined
these white patches, I could distinctly trace the
erons membrane over them. See the observations
f M. Bizot (Mémoires de la Société Médicale

& EIE::::”“E“ de Paris, tom. i. p. 347, 1836,) on

¥

the body generally, and is the ceur @ sung rovge §
of Bichat. The auricles, from their immediate &
connexion with the large veins of the heart, S§
sometimes receive the name of venous portion 84
of the heart (pars cordis venosa ); and n the HE
same manner the term arterial portion of the &
heart (pars cordis arteriosa ) has been R.F'[]hELi ;
to the ventricles from their connexion with the &
large arteries. ln describing the different ca- S
vities of the heart we shall take them in the i
order in which the blood passes through them.

Right auricle (auricula devtra vel inferior, |
atrium venarum cavarum ). Erternal surface. 3
—To see the external form of the auricles pro- S
perly it is necessary that they be first filled ¥
with injection. The right auricle is of an irre- 3§
gular figure, having some resemblance to a &8
cube, and occupies the anterior, right, and - 8§
ferior part of the base of the heart. It receives J§
all the systemic venous blood of the body. |
Its inferior portion rests upon the diaphragm. 8
Its largest diameter runs in a direction from '8
behind forward, and from right to left. It is /&
broadest posteriorly, becoming narrow and pro- &
longed anteriorly, where it terminates in a %
small and free appendix, which, from its re- &8
semblance to the external ear of the dog, has B8
been termed auricle. This appendix is gene- 1‘.--]
rally serrated on the edges, mPtJrE particularly &
on the external, and projects between the aorta 1'.- :
and the upper and anterior margin of the right §§
ventricle. To this smaller portion the term ¥
proper auricle has been given, while the larger 58
portion has been called sinus venosus. This ];';
division of the auricle into proper auricle and 8
sinus venosus is more distinet in the left than &
in the right auricle. The posterior surface of {8

the right auricle is connected with the Entrﬂnn‘.‘ﬁ :
i
|

of the two cavee ; its inferior with the base of {}
the right ventricle; its internal with the leftd
auricle; its outer surface is free; and anteriorly i {
it is prolonged into the proper auricle. The =
junction of its internal surface with the cor-jEs
responding surface of the opposile auricle is i
marked by an indistinet groove, which cor-38
responds to the attachment of the septum sepa- 3§
rating the two auricles. Its external surface is S8
placed on a plane internal to the outer edge of 5

the right ventricle. §i

Internal surface—The inner surface of the}

right auricle can be satisfactorily examined only §88
when it is opened in sifu. Ils interior can bel
best exposed by making a longitudinal incision j
from the appendix to the orifice of the inferior §
cava, then opening the superior cava along its §}
anterjor surface and connecting the two inei-USF
sions. The inner aspect of the right auricle i
presents four surfices:—1. a posterior, where j{{
the two ven® cave enler; 2. an outer, upon i
which numerous muscular bands are seen B
standing in relief; 3. an internal, which is
nearly smooth, forms the septum between the !}
two auricles, and presents an oval depression, |}
ahout the size of the point of the finger, called |}
the fossa vvalis; 4. an anterior, formed by the !
appendix, and which also presents numerous ||}
muscular bundles. The superior or descend-1
ing vena cava enters at the upper and posterior I8
angle, the inferior or ascending cava at the
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posterior and inferior. The entrance of tlie
superior cava looks downwards and forwards
in the direction of the body of the auricle ; the
entrance of the cava inferior is directed up-
wards, backwards, and inwards. These two
orifices are citcular, and that of the cava infe-
rior is larger than that of the cava superior.
The right margins of these veins are continuous
with each other; the left or anterior margins
are continuous with the auricle, which in fact
appears at first sight to be formed by an ex-
pansion of the veins; hence the term sinus
venosus. Around the left margin of the en-
trance of the cava superior there is a prominent
band of muscular fibres; and around its right
and posterior margin there is another but less
prominent band placed at its angle of junction
with the right margin of the inferior cava. This
last band occupies the position of the sup-

osed tubercle of Lower ( tuberculum Loweri),

he cava inferior occasionally forms a dilata-
tion immediately before it enters into the au-
ricle. The venx cave have properly no valves
at their entrance into the auricles.*  The fossa
ovalis { valvula foraminis ovalis, vestigivm fo-
raminis ovalis ), which marks the position of
the foramen ovale by which the two auricles
communicated freely with each other in the
feetus, is seen at the lower and right portion of
the auricle, partly placed in a notch in the
posterior and lower part of the fleshy portion
of the septum, and partly in the upper part of
the vena cava ascendens as it passes in to form
the sinus venosus. The upper and anterior
margins of this depression are thick and pro-
Jecting Cannulus seu isthmus Vieusseni, colummne
Joraminis ovalis ). This was supposed by Vi-
eussens to prevent the blood of the cava supe-
rior from falling into the cava inferior, an effect
which Lower also imagined might be produced
by the tubercle which he supposed was placed
at the junction of the two veins. We have
already pointed out that the orifices of the two
veins are placed in different directions, which
is sufficient to prevent the descending column
of blood falling directly upon the ascending.
The posterior and lower margins of the fossa
ovalis are ill-defined. The surface of the de-
pression is sometimes smooth, at other times
uneven and reticulated. Between the upper
margin of the depression and the annulus or
thickened edge of the fossa ovalis we frequently
find a small slit passing from below upwards,
and forming a valvular opening between the
two auricles. The remains of the Eustachian
vilve (foraminis ovalis anterior valvula ) may
be seen running from the anterior and left side
of the entrance of the cava inferior to the left
side of the fossa ovalis, where it attaches itself
to the annulus. This valve exhibits very va-
rious appearances in the adult: sometimes it is
very indistinctly marked, at other times it is
sufficiently apparent, and much more rarely it
approaches the size which it presents in faetal
life. 1t is frequently reticulated. Its convex

®* The Fustachian valve cannot be considercd as
essentially connected with the cava inferior in the
arlult.
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margin is attached to the surface of the vein
and auricle; its concave margin is free ; its su-
perior and convex surface looks towards the
auricle, and its lower and concave surfice to-
wards the entrance of the vein. Placed to the
left of the Eustachian valve, and between it
and the upper and outer part of the base of the
ventricle, is the orifice of the coronary vein. A
valve (valvulu Thebesii ), the free and concave
margin of which is directed upwards, covers
the entrance of this vein. It is sometimes im-
perfect, occasionally reticulated. Instead of
ane coronary valve we may have two or more,
one placed behind another. These two valves,
viz. the Eustachian and Thebesian, are formed
by a reduplicature of the lining serous mem-
brane of the heart.

The Eustachian valve frequently, however,
contains some muscular fibres at its fixed mar-
gin. A number of small openings (foramina
T'hebesii ) may be seen on llm inner surface of |
the auricle, some of which lead into depres-
sions; others are the orifices of small veins. |
The muscular fibres projecting from the ante-
rior and outer surface, already alluded to, pass
vertically from the auricle to the edges of the
auriculo-ventricular opening. These, from their
supposed resemblance to the teeth of a comb,
are termed musculi pectinati. Smaller bun-
dles cross among the larger, giving the inner)
surface at this part a reticulated appearance.
At the places where the transverse fibres are
deficient, the outer and inner serous mem-
branes of the heart lie in close contact. In the
floor or base of the auricle there is a large oval
opening leading into the ventricle (right au-|
riculo-ventriculur opening ), having its upper|
margin surrounded by a white ring. The up-|
per part of this ring has a yellowish coloar
from the auricular tendinous ring being here
translucent, so that the fat lying in the auri-
cular groove is seen through it.

Right ventricle (ventriculus anterior, v. der-
ter,v. pulmonalis. ) External surfuce—Theright |
ventricle oceupies the anterior and inferior
tion of the right side of the heart. Its form is
pyramidal, the base looking towards the au- |
ricle, its apex towards the apex of the heart. |
Its walls are much thieker than those of the
auricle.

This thickness arises from the in-
creased number of its muscular fibres. _!
Internal surface—The right ventricle may |
be best opened by making an incision along its |
right edge from the base to the apex, and
another from the root of the pulmonary artery
along its anterior surfaice near the septum to
join the other at the apex. On examining the
interior, its internal and posteror walls are |
seen to be common to it and the opposite |
ventricle, the anterior and external W!lIs u?
belong exclusively to itself. Its posterior and |
internal walls are convex, ils anterior and |
internal concave. Its posterior and extm‘l:l
walls are decidedly shorter than its internal and
anterior. Its parietes are rather thinner at the
attachment to the anterior margin of the septu
than along its posterior margin. They are
considerably thinner at the apex than towards
the base. A number of fleshy columns
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| frolumna carnee, lerefes Ie:rca*tP J‘rm'ccl fromn
|5|e inner surface. We will find that they
present three different appearances in both
ventricles. 1. The morenumerous are attached
to the walls of the ventricles by their two
extremities, so that we can introduce : robe
under the middle part. These divide an sub-
divide in a variety of ways. 2. Others are
attached 1o the walls of the ventricles by the
whole of their external surface, while their
internal surface stands in relief from these walls.
3. Others are fixed to the walls of the ventricle
by their lower extremities, are perfectly free in
the rest of their course, and terminate either
in a blunt extremity or in several short pro-
cesses. These last are few in number, nearl
vertical, and have received the name of mam-:rr?;?
papillures. These columnz carnew form an in-
tricate network on the inner surface of the
ventricle, and some of them occasionally eross
its cavity near the apex. They are more
‘numercus on the anterior and external than on
the posterior and internal walls. Two large
openings are placed at the base of the ventricle.
The larger, oval in the empty, somewhat cir-
cular in the distended heart, is the right
auriculo-ventricular opening, the upper margin
of which was already seen in the right auricle.
The smaller is circular, is placed anterior and
to the left, is about three-quarters of an inch
higher than the larger, and is the orifice of the
_ pulmonary artery. That portion of the ven-
*tricle from which the pulmonary artery springs
is prolonged upwards above the level of the
rest of the ventricle. To this prolongation
" Cruveilhier has given the name of the infun-
dibulum.*
The inner surface, particularly the posterior
rt of this infundibulum, is smooth and
~ deprived of column® carnea. Around the
* auriculo-ventricular opening a valve is placed,
" the fixed margin of which is attached to the
' circumference of the opening; the free margin
projects into the ventricle. This valve, which
" forms a complete ring at its attachment, termi-
' nates inseveral apices, three of which are much
" more prominent than the rest, and on this
" account it receives the name of the tricuspid
" or triglochin valve (wvalvula triglochis v. tri-
" cuspis). The anterior of these three portions,
* which is placed on theside nearest to the orifice
~ of the pulmonary artery, is more prominent and
" broader than the posteriorand internal portions,
~ and 15 separated from them by deeper notches
" than these two are from each other. From this
" circumstance some are inclined to consider this
- valve as consisting of two portions only. It
; contains several small tuberclesat its free margin.

i
~ * This part is very minutely described by Wolflf
- under the term conus arleriosus, Under the term
~ infundibulin Wolfl included a larger portion of the
ventricle, apparently that portion placed above a
line drawn from the upper and right margin of the
* wentricle obliquely downwardsto the anterior fissure,
As the upper part of the right ventricle becomes
dually narrower, he ﬁn?pmud that it increases
the velocity and impetus of the blood as it is driven
from the ventricle.—Acia Acad. Imper. Petropol,
pro anno 1780, tom. vi. p. 208, 1784,

e

This valve, like the other valves at the arterial W
and left auricular orifices, to be afterwards §
deseribed, is composed of a reduplicature of the &4
lining membrane containing some tendinous
fibres between them. It is translucent-and of
great toughness. A number of tendinous cords
(chorde tendinee ) pass between the a sices of
these valves and the inner surface of the ven-
tricle. Though the arrangement of these chorde
tendinew is not uniform in all cases, yet it is i
of importance to remark, as prominently bearing
upon the discussions connected with the man- 4
ner in which these valves at the auriculo-ven- §
tricular opening perform their office, that their
general distribution is the same, and evidently F8H
intended for a specific purpose.® The greater At

it of these chorde tendines spring from the 8
Pri.e and blunt extremities of the third kind of &
columne carnem (musculi pupillares ) which |1
we have described ; some from the other two i
kinds, and others again from the smooth portion &
of the septum, and more particularly fiom the 8
lower part of the smooth surface which leads
into the infundibulum, These tendinous cords &
diverge to reach their insertion, some of them &
dividing and subdividing two or three times, &
occasionally crossing each other, and aref§
inserted principally into the apices and margins &
of the notches which separate the valve into its 8
three portions. A few of these cords pass| &
between the column: and inner surface uﬁh& 1
ventricle without being attached to the valve. i
The internal lip of the valve has its

margin tied more closely down to the surfacel§
ot I

of the ventricle by these cords than the other#
two lips ; besides several short cords frequently &
pass between the internal surface of the ven—§
tricle and the ventricular surface of that portion ¥
of the valve. At the exit of the pulmonary
artery from the upper, anterior, and left part of}
the ventricle, three valves are placed (fig. 3)¢
These from their form have received the name,
of semilunar or sigmoid valves. Their fixed 88
margins are convex,and adhere to the tendinau i
ring to which the origin of the artery is attached {5
their free edges, from the presence of a smalf '
triangular tuberele in the middle of each (‘cor¥
pus Arantii, corpusculum Morgagni, corpugy
sesamoideum, ) form two slight semilunar curves ¥
(fiz. 3). The extremities of the curved attachedSH
edges look in the course of the artery. When 8
the blood rushes from the ventricle into theld
pulmonary artery, the valves are laid agains{ii
the sides of the vessel, and the free edge becomes!
vertical ; when, onthe other band, a portion off

the blood falls back towards the ventricle, th¢' W
valves are thrown inwards and completely
oceupy the calibre of the artery. At this timg il
the conecave surfaces of the valves are directec/i
in the course of the artery, the convex surface)
towards the ventricle. {'hesg valves may bl
distinguished by the terms anterior, posterior o
left, and superior or right. The suggestion af

:l:

* Mr,T.W. Kingstates (Guy's Hospital Reportsj
no. iv. p. 123.) that there is a disposition in thy
chorde tendinem® from each fleshy column to attach
themselves to the adjoining edges of two lips of thil
valve, as in the left ventricle. :
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| Fantonus, that as three cireular valyves meeting
| in the axis of a canal would leave a small space
{l in the axis itself, so the use of these corpora
| Arantii may be to fill up the interval which
| would thus otherwise be left, has generally
| been adopted.®* These valves are thin and
transparent, yet ol considerable strength. Their
| attached are thicker than their free margins.
il That Iurr.inn of the pulmonary artery which is
| placed immediately above the attachment of the
| semilunar valves bulges out and forms three
| projections, named  from their discoverer
| sinuses of Valsulva. These sinuses are more
' ap?rcm in old than in young persons,
| ¢ft auricle (auricula sinistra ; a. pos-
| Lerior ; atriwm sen sinus venarum pulmonalium,
{ a. aorticum ). Erternal surfuce—It occupies
| the upper, posterior, and left part of the base of
| the heart, and receives the blood brought back
| from the lungs by the pulmonary veins, The
| only part of the Tleft auricle that can be fairly
I seen after the pericardium has been opened,
| and none of the parts disturbed, is the appendix.
I To see it Emperl}r the pulmonary artery and
jaorta must be cut through and thrown forwards.
11t is of a very irregular shape, some anatomists
jcomparing it to an oblong cflluadr'tlnle:'at, others
ito an irregular cuboidal gure. Fosteriorly
§it rests upon the spinal column, from which itis
separated by the parts mentioned in describing
the position of the heart itself, und appears as
lif confined between the spine and base of the
theart,—a fact which has heen considerably
finsisted upon in some of the explanations of the
tilting motion of the heart. Supenorly and to
the right it is connected to the auricle of the
dpposite side.  More anteriorly and still to the
ight it is free, and is separated from the right
wiricle by the aorta and pulmonary artery. Iis
ase 15 connected to the base of the corres-
sonding ventricle. The auriele is rolonged
orwards at first to the left, but hencl)s towards
he right before terminating, This prolongation
s the appendix or proper auricle. This
ppendix is longer, narrower, more curved,
nore denticulated on the edges, and more
apacious than the corresponding part of the
fight auricle, and projects along the left side of
he pulmonary artery, a little beyond and below
he anterior margin “of the left ventricle. The
wo left pulmonary veins enter the posterior
nd left side, and the two right pulmonary
eins enter the posterior and right side of the
uricle,
~ The left auricle, like the right, has lLeen
tvided into sinus venosus and proper auricle.
nner surface.—The inner surface may be
ivided into, 1st, a posterior, which is smooth,
nd which belongs exclusively to itself; 2d, an
|

* Ifind that the late Dr. A. Duncan, jun. has
1stly remarked that there is no necessity for calling
the aid of the corpora Arantii to produce the
lomplete obstruction urt]m calibre of the artery, as
e free edges of these valves, when they are
rown inwards, do not exactly lie in close appositinn
it overlap each other. Besides these bodies are
ceasionally very indistinet, and frequently do not
ltoject heyond the free margin of the valves,
ipecially 1n the pulmonary semilunar valves,

anterior, which communicates by a round
opening with the cavity of the appendix; 3d, a
right, the anterior and greater part of which
15 formed by the septum of the auricles, Upon
this is observed the fossa ovalis, but without
the distinet depression which it presented in
the right auricle. The upper margin of the
valve, between which and the upper thick edge
of the fossa ovalis the oblique aperture exists,
which we formerly stated to be frequently
observed here, is often distinetly seen in the
left auricle. The valvular nature of this small
slit must prevent-any intermixture of the blood
of the two sides, This margin, when present,
looks forwards and to the left. The two right
pulmonary veins open upon this surface imme-
diately posterior to the septum, and between

the septum and posterior surface. 4th, A left,,

into which the two pulmonary veins of the left
side open.

‘The pulmonary veins of the two lungs are
thus separated from each other by the whole
breadth of the auricle. The veins of the same
side open into the auricle, the one immediately
below the other. so that they occupy the whole
height of the auricle. The superior is generally
the larger. The two veins of the same side
oecasionally enter by a common opening, or
this may occur on ‘one side only. At other
times we may have five openings. These veins,
like the cavee, have no valves at their termina~
tion in the auricle. At the lower and anterior
part of the auricle a lurge oval opening presents
itself.  This is the left auriculo-ventricular
opening, and like that on the right side it has
1ts upper margin surrounded by a white tendi-
nous ring. This ring, unlike that of the right
side, is everywhere sufficiently opaque to pre-
vent the fat placed in the auricular groove to
be seen through it.

The inner surface of the left auricle differs
materially from that of the right in its greater
smoothness, and the consequently smaller num-
ber of its musculi pectinati. In fact, the only
place in which these are observed, and that too
to a comparatively smaller extent than in the
corresponding portion of the right, is the ap-
pendix. This arises from the greater strength
of the left auricle, the muscular fibres being so
closely laid together as not to leave any interval
between them., B

Left ventricle (ventriculus sinister, v. 5
terior, v. aorticus.) External surface—It is
of a conical shape, and occupies the posterior
and left part of the heart. It 15 rounded and
does not present the flattened appearance of
the right ventricle. It projects downwards
beyond the right, and forms the apex of the
heart. Though the left proceeds lower down
than the right ventricle, that portion of the right

called infundibulum or conus arteriosus mounts

higher than any part of the left. The left is on
the whole a little longer than the right. The
circumference of the base of the right ventricle

il

15 greater than that of the left, exceeding itin

some cases in the injected heart by about two
inches.

Tnternal surface. — This ventricle is best
opened by making an incision close upon the
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{anterior fissure from the apex near to the com-
smencement of the aorta, then another in-
‘gision midway between the posterior fissure
vand left edge of the ventricle, commencing near
ithe base and carrying it downwards to jomn the
‘other at the apex. The anterior and right
jparietes of the internal surface are formed by
ithe septum; the posterior and left belong ex-
telusively to itself. The walls of the left ven-
iricle are considerably thicker than those of the
fright, and remain apart, while those of the right
ffall together. As connected with this we may
Lobserve that the septum is concave towards the
1left ventricle and convex towards the right, As
tthe obstacles to be overcome in transmitting the
I blood through the body are greater than those
{to be overcome in transmitting it through the
I ungs, so is the left ventricle thicker than the
iright. Itisimportant to remark, as connected
“with the pathology of spontaneous rupture of
 the heart, that the walls of the lefi, like those
Lof the right ventricle, are considerably thinner
at the apex than towards the base.* The ante-
rior and vight parietes are longer than the pos-
terior and left. ~The columnz may he arranged
into three kinds, such as we have described in
the right ventricle. They are not so_numerous
in the left ventricle as in the right. The greater
number are also smaller, and are principally
placed upon the posterior and left wall, near the
“apex of which they form deep areole.t The
upper part of the septum which leads to the
aortic opening, which we shall presently describe,
is quite smooth. In the base of the ventricle
‘we find two openings placed closely together;
“one of these, the smaller, is placed to the right
" and a little anterior, is the commencement of
“the aorta, and occupies the upper and right
corner of the ventricle; the otheris larger and
placed to the left -and a little posterior, and is
. the auriculo-ventricular opening of this side.
The aortic opening is only separated from the
" auriculo-ventricular opening by the tendinous
ring, and from the orifice of the pulmonary
~artery by the upper part of the septum. A

valve resembling the tricuspid is attached to
~ the tendinous ring around the auriculo-ventri-
~ cular opening, which, from being more de-
-~ cidedly divided into two lips, is termed bicuspid,
“and from its fanciful resemblance to a bishop's
“mitre has generally received the name of mitral
~valve. Like the tricuspid it forms a complete
ring around the margin of the auriculo-ventri-
~ cular opening. The anterior lip of the valve in
~ the quiescent state of the heart hangs suspended
~ between the aoriculo-ventricular opening and
“the origin of the aorta, and is considerably
larger and more moveable than the posterior,
~which is smaller and more limited in its move-

) * The circular arrangement of the muscular
fibres around the apex (fig. 9) must have the
effect of rapidly approximating the inner surfaces
of the ventricles at the apex during their systole,
nore particalarly when the apex is c%nngal‘.ed, asin
.the heart of the horse, and thus prevent the pres-
- sure from falling upon the extremity of the apex,
where it is very weakly proteeted.
t Laennec has erronconsly stated in general
terms that the columnz of the right ventricle are
larger than those of the left,

ments. The mitral valve is formed in the same
manner as the tricuspid, and is somewhat
thicker and stronger, and like it contans i
number of tubercles in its free margin. The
large anterior lip of the mitral valve projecting
downwards into the ventricle was described by
Lieutaud and by others since his time as
dividing the ventricle into two portions, ai
aortic and a ventricular. These are separated
from each other at the upper part by the valve
only; at every other part they communicite
with_each other. The same authors have
described the larger lip of the tricuspid valve
as effecting a similar division of the pulmonic
ventricle. Two of the columne camnew in the
left ventricle belong to the third kind (musculi S8
papillares) already described, and are much |
stronger than any to be found in the right ven- &
tricle. 'They are attached to the lower part of |
its cavity, pass upwards, and about the middle S§
of the ventricle terminate in a blunt extremity, S8
from which a number of chordz tendine® pass b
to be attached to the margins of the mitral &
valve. Bouillaud deseribes these two columnz 8
as uniformly occupying the same position, one Al
being placed at the junction of its left and S
posterior walls to form the left margin of the S
heart ; the other on the posterior wall near its {4
junction with the posterior margin of the sep- |
tum.® Each of these fleshy columns consists i
of two fasciculi, of an anterior and superior, |
and of a posterior and inferior. The posteriori§
and inferior fasciculus is shorter and less strong (8
than the anterior. The chorde tendinez o i
the two anterior or internal fasciculi proceed to/8H
attach themselves to the margins of the anteriori it
or larger lip of the valves, those from onelfy
fasciculus passing to one edge of the lip, and §88
those of the other fasciculus to the other edze:”
As these chorde tendinem proceed from thef
fasciculi to the valve, they diverge from those of Zi
the same faseiculus, but converge towards those #f
of the other fasciculus. ( Fig. 4 shews the
attachment of the chordz tendéineae of the twoll
anterior or internal fasciculi.) The chord:=il
tendines from the posterior faseiculi pass in afy)
similar manner to be attached to the posterior®
lip. The posterior lip is fixed closer in itef
situation than the anterior, by the chorda ten
dinew, and this is frequently increased by somefs
of these cords passing from the walls of theld!
ventricle 1o be attached to the ventricular surii
face of the valve, sometimes nearly as high a: S8
the fixed margin of the valve. These chordaiil
tendinem are stronger, fewer in number, ancl
less subdivided than those in the right ventricle{§
Several of them pass between the fleshy columni}
without being attached to the valves, as in thi}
right ventvicle. Though the description hernd
given is not perfectly uniform in every case, bufst
is liable to frequent varieties,—by the non-divi &

*® | have =atisfied myself by numerous examins
tions, of the accuracy of Bouillaud’s account of thisdy
position of these musculi papillares and the arrange
ment of the chorde tendinem® in the human hear/ {88
1 have found them occupying a similar position 188

the heart of the horae, ox, nas, sheep, pig, dog
rabbit, hedge-hog, and some birds, and suspe
that this will be found a general law in all 14

warm-blooded animals,
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sion of the musculi papillares into two fasciculi;
by their subdivision, on the other hand, into
several smaller bundles, but so grouped that
the position of the smaller corresponds Lo the
| larger; and by the smaller columns furnishing

a certain number of the cords usually given off
by the larger; yet there appears to be a remark-
able similarity between the course and arrange-
ment of the chordw tendinem in all cases. The
object of this we will afterwards see when
inquiring into the precise manner in which
these valves prevent regu rgitation into the auricle
j| during the systole of the ventricle. The origin
| of the aorta is furnished with three semilunar
| valves (fic. 4), which very exactly resemble
| 1n their position, shape, and anearance those
| placed at the commencement of the pulmonary
| artery. They are somewhat stronger, and have

the corpora sesamoidea generally larger than
{ those in the pulmonary artery. Behind these
i valves are three dilatations ( sinuses of Valsalva )
§ upon the commencement of the aorta, similar

to, but more me:ineut, than those at the com-
| mencement of the pulmonary artery (“fig. 4).

It was maintained by several of the older
eminent anatomists that the semilunar valves
must necessarily cover the entrance of the
coronary arteries,* anid that they were filled,
not during the passage of the blood along the
aorta, but by the falling back of part of it
during the dinstole of tEe heart, or as Boer-
haave expressed it, « He arterie sunt in dias-
jtole, dum relique corporis arterie in systole
constituuntur.”+ Haller mentions two cireum-
stances which must satisfy every one, if any
thing more than the bare inspection of the parts
was necessary, that the coronary arteries are at
least generally filled in the same manner as the
ther arteries which arise from the aorta, and
hese are—1st, the result of experiments on
living animals, where the blood is seen to spring
per saltum from the cut coronary arterjes during
he systole of the heart; 2d, when a futus is
njected by the umbilical vein, the co
eries are also filled. More lately, however,
aust} has maintained -bhﬂ.gl_:,-t]‘l'm pxjgin_pf the
oronary arteries is generally covered by the
milliijn.?ar‘-ﬁ‘lvje&. He states 1 fﬁ‘a miﬂujemad
1 great number of hearts fmm* e pulmon:
eins; in some of these the inject passec
Mo the coronary arteries, but in by mu
greater number these vessels d tain a

single drop of injection. On examinati
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would become free when the sinuses are dis-

tended as they are with blood in the living
body. Making every allowance for this source
of fallacy, I am satisfied that T have SEEn One
or two cases in which these valves appeared
fairly to cover the origin of (he coronary arteries,
Supposing that the origin of the "coronury
arteries were covered in some instances by the
valves, it would in all pmh'a,hilil;r be a matter
of little moment, as far as the efficiency of the
cireulation through these arteries was con cerned,
as long as the aorta retained its elasticity, for
the force with which it drives the distending
fluid backwards during the diastole of the
heart (a force which can be ascerained in the
dead body) would be sufficient to carry on the
circulation. The circumstances would, how-
ever, become very much altered in those caseg
which are sufficiently common in advanced
age, where the aorta’ has from disease of jts
coats entirely lost its elasticity, and the coronary
arteries have also become studded with calca-
reous matter, unless we sup what could
scarcely happen, that the bltroclmr:?ﬁtained in the
sinuses is forced along the arteries when the
vilves are thrown outwards.® -
Septum of the ventricles—The septum be
tween the ventricles is triangular, and the ap x|
extends to the point of the heart. It is of
considerable thickness at the base, but becom =
thinner at the a Its position is oblique |
like that of the heart. It s conecave loward
the right ventricle, and convex towards the le i2
From the shght rotation of the heart on its
axis, the anterior surface of the septum
directed towards the right side, and the posterior |
towards the left. It is composed, like the othe sl
walls of the ventricle, principally of muscular
fibres, lined on the one side by the internz ,
serous membrane of the right ventricle, and on
the other side by the corresponding membr: ne

of the left. L]
d considering the

We have preferred ec
thickness of the parietes, the diffucent &
of the several cavities of the heart, the
dimensions. Qf:}L;E auriculo-ventricular,

2igon it e
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sendered it more complicated. We will find
{hat cousiderable differences in these respects
imay exist between different hearts and between
Hifferent parts of the same heart, which, to
judge from the perfect regularity with which all
s functions proceeded before death, must be
gonsidered as perfectly healthy ; and it is from
ghis want of upiformity in the different parts of
ppparently healthy hearts that we can in some
measure account for the discrepant statements
@n this subject which exist in l]IIf.' works of the
most celebrated and accurate anatomists.
Thickness of the walls of the several cavities
ﬁ‘ the heart.—The left auricle is somewhat
icker than the right, and the left ventricle
Wwery considerably thicker than the right. Bouwil-
faud® found the average thickness of the walls
iof the left auricle in four healthy hearts to be
{1} lines, and that of the right auricle to be
i1 line. Lobstein has rather strangely stated
fthat the right auricle is twice the thickness
iof the left. e makes the thickness of the
right auricle to be 1 line, and that of the left
ito be only } line. Laennee reckons the relative
iproportion of the thickness of the lelt ventricle
ito the right as rather more than 2 to 1.
{Bouilland found the average thickness of the
might ventricle at its base in a great number
lof cases to be 2} lines, and that of the left
iventricle at the same part to be 7 lines.
:Gmreilhieri- states the proportionate thickness
jof the richt to the left ventricle as 1 to 4,
jorevenas 1to 5. According to Scemmerring,}
fthe relative thickness of the two ventricles
@sas 1to 3. Andral§ states that in the adult
fthe thickness of the left to the right ventricle
@5 as 2 to 1, but in infancy and in old age
it is as 3 or 4 to 1.
M. Bizot has lately published the results
%ﬂﬂm careful measurements of the healthy
eart in one hundred and fifiy-seven indivi-
luals of all ages.|| The greater part of these
tions were collected at La Pitié, under
lthe auspices of Louis. According to M. Bizot,
fthe heart goes on increasing in all its dimen-
ssions—length, breadth, and thickness—up to
the latest periods of life. The growth is,
however, more rapid before twenty-nine years
Lthan afier that age. While, then, the muscles
fiof animal life are diminishing in size in ad-

fusiform, the thickest part being situated at
e junction of the superior third with the
le third. 9] The thickness of this ventricle
s on increasing from youth up to advanced
. The following are a few uF the measure-

t Anatomie Descriptive, t. iii. p. 17,

- 4 De Corporis Humani Fabrica, t. v.

¥ :.-i*natbﬂgl:ip i’at.hn'il‘.gi.:]’}un, t- ii. p. 283.
Miémoires de la Societé Médic, d’Observation

| de Paris, t. i. p. 262. 1636,
1:1’5. ﬂp:ﬂh e 260 and 284,

ments of the thickness of the walls of the
ventricles given by M. Bizot.
Left ventricle, male.

Age, Base. Middle part. Apex.

I to 4 years ,... 3 lines. 24; lines. 14 line.

50toTOyears.. 4%, S8 »  dzp »
cerage from 16 i

Aveplo iro L i Sty 3k

to 79 years .. %
Left ventricle, female. )

1to 4 years .... 2flines. 27lines. 24;lines.
50toBY9 years .. 4% ,; 9 T
Average from 16} s i

e R

Thickness of right ventricle—The thickest
pertion of the right ventricle is not placed,
as M. Bizot remarks, at the same point as
in the left. In the right ventricle it is at the
base of the heart, 4 lines below the tendinous
ring. The thickness of the walls of the right
ventricle, unlike the left, remains more nearly
stationary at the different periods of life. They
are, however, a little thicker in advanced age
than at an earlier peviod of life.

Right ventricle, male.

Age. Base. Middle part. Apex.
1to 4 years .... ,line. & line. & line.
30w 49 years.. 13 ,, 1% ,, & »
50.to 79 years .. 24 5 1%k, o
s e . S i

Right ventricle, female.
1to4years.... 1 line. jline. I line.
30to 49 years., 18 , 18, # ,
a0 to 'i"gf;'earﬂ 2y 0 8 RS 1 L |

YEl:
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Care was taken to make all these measure-
ments at points where there were no columnz
carnes.

The thickness of the septum ventriculoram,
according to Meckel, is 11 lines at its base.
Bouillaud obtained the same results in the
only case in which he appears to have measured
the thickness of the septum. M. Bizot has
given measurements of the ventricular septum
at six different periods of life, from which I
have selected the following.

Mule. Female.
Age. Middle part. Middle part.
1to4 years...... 34;lines. 2% lines,
16 to 29 years.... 4{f 43
S50 to 79 years. ... 5§ o LT .

The thickness of the septum ventriculorum
goes on increasing ia-thiekmess. from infancy
to an advanced period of life.

Relative capacities of the several cavities.—
The most conflicting statements exist upon
this point, and we find it perfectly impossible
to come to anT satisfactory decision. Each
cavity of the heart is sup , when mo-
derately distended, to contain rather more than
two ounces of fluid. The auricles may be
safely said to be of less capacity than the
ventricles;  and this disparity is  strikingly
marked in the larger animals, as the horse
and ox. The right auricle is generally allowed
to be larger than the left, and the difference,
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as stated by Cloquet and Cruveilhier, is as
5 to 4. The right ventricle is generally found
larger than the left after death. This difference
has heen very variously estimated by different
anatomists. Some, as Winslow, Senac, Haller,
Lieutaud,* and Boyer, have maintained that
there is a maked disparity between the capa-
cities of the two cavities, while Meckel,
Laennee, Bouillaud, Portal, and others be-
lieved that this difference is to a smaller extent.
Lower was the first to maintain that both
ventricles are of equal size. Sabatier, Andral,
and others have supported this opinion ; while
Cruveilhiert states that he has satisfied himself,
from comparative injections of the two cavities,
that the left ventricle is a little lurger than
the right. Gordon has oceasionally found
both ventricles of equal size, and Portal has
seen them of the same size in young persons.
Santorini and Michelattus believed that, though
the capacity of the left ventricle appears a
little smaller than that of the right, yet that
the superior force of the left auricle over the
right dilates the left ventricle sufficiently to
render it equal to the right.

The majority of anatomists, however, have
always maintained that the capacity of the
right ventricle is ter than that of the left,
and have adduced the following arguments in
support of this opinion: 1, that the right
auricle, right auriculo-ventricular orifice, and
origin of the pulmovary artery are larger than
the auricle and corresponding orifices of the
opposite side: 2, that when both ventricles
have been filled with water, mercury, or wax,
more of these substances 15 found contained
within the right than the left: 3, the experi-
ment of Legallois] shew that when an animal
is bled to death, this disparity between the
size of the ventricles is still l{mnd. Those
who maintain that the capacity of these two
cavities is equal do so on the following
grounds:—1, that as the walls of the right
ventricle are weaker than those of the left,

when the same force is used in injecting both, Su
the ght must, as a matter of course, be more

. than the left. 2. Saba
suggested that, as during the
life the passage of the blood

of the heart is generally i
_ L o6 (i 'ﬁg:
- emy
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be observed. 4. The experiments of Sabatier, |
in which, after tying the aorta and produci
engorgement of the left side of the heart, |
while the right side was emptied by a wound
made into the vena cava or pulmonary artery,
the left ventricle was fuundputn be of creater |
capacity than the right. Tei

]3\’[; Bizot maiutains that the capacity of the
ventricles goes on increasing from youth up |
to old age; and that this, contrary to the
opinion of Beclard, is not so rapid in old
age as in the earlier periods of life. The
following are a few of M. Bizot's measure-

ments :— 7 :
t ventricle, male. y
Age. Lo I$n£ﬂ1. Breadth, i
1to4years.,.... 20 lines. Bllin._d
S0to 79 years.... 36 56§ . 8
A -
o gears ored St B O
Left ventricle, female. .
1to4 years...... 18} lines. 29§ lines.
iﬂmm T BL R R 49} 5 A
verage from 15 to
89 years ...... 2 31;* 2 188 » |
Right ventricle, male. A
1to 4 years...... 20} lines. 474 lines.
ﬁﬂ tﬂ Tg 1 o B?* EE) B‘T £1] .- |
oo foaree ) Tl
Right ventricle, female. .
1todyears .. .. 18]lines. 44} lines.
50 to 79 years .... 35§} 6,
Averagefom 5.t07 oo " P
8D years ..,... s "!‘-"Ra -
Every one m that th -

tricle is generally found
death in the ']iuigan ]sﬁ"l.‘-j bt _
it appears exceedingly probable that these
caml:iﬂ&, in lhe-'heﬁlﬂigr state of the
contain different quantities of blood
life. As the capacity of the auric
smaller than 1l
be_asked ho
ent to d
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Relative dimensions of the auriculo-ven-
dricular m-;iﬁ:-yx,—'l'hc right auriculo-ventricular
porifice is larger than the left, as was correctly
atated by Portal.* According to Cruveilhier,
the largest diameter of the right auriculo-
pentricular opening which is antero-posterior
& from 16 to 18 lines, and its smallest diameter
iis 12 lines; while the largest diameter of the

gft auriculo-ventricular opening, which is di-
recled almost transversely, 1s from 13 to 14,
and its smallest is from 9 to 10 lines, Bouillaud
gives the results which he obtained from the
accurate measurement of the circumference of
ithese two openings in three perfectly healthy
hearts. The average circumference of the left
auriculo - ventricular opening was 3 inches
6 lines : the maximum was 3 inches 10 lines,
gand the minimum was 3 inches 3 lines. The
average circumference of the right auriculo-
entricular opening was 3 inches 10 lines: the
mmaximum was 4 inches, and the minimuin
was 3 inches 9 lines.

Circumjerence of the aortic and pulmonary
orifices—The circumference of the aortic and
wentriculo - pulmonary orifices is sometimes
mmearly equ:ti; more generally, however, the
ventriculo-pulmonary is the larger. Bouillaud
ggives the following measurements of these
sopenings taken from four healthy hearts :—
Average circumference of the aortic opening,
22 inches 5} lines: the maximum 2 inches
lines, and the minimum 2 inches 4 lines.
verage circumference of the ventriculo-pul-
onary opening, 2 inches 7§ lines: the
aximum 2 inches 10 lines, and the minimum
ches 6lines. I have found this difference
tween the circumference of these two open-

marked distinetly at seven years of age.
. Bizot has given measurements of the ar-
1 orifices, of which the following is the

CIage.
Aortic orifice, male.
Average from 16 to 79 years, . 4547 lines.

Aortic orifice, female.
Average from 16 to 89 years .. 41} lines.

Pulmonary orifice, male.
‘Average from 16 to 79 years .. 5411 lines.
Pulmonary orifice, female.
Average from 16 to 89 years .. 481 lines.
Size and weight.—Laennec has stated that
he size of the heart in general nearly corre-
ds to the closed fist of the individual,
can only be considered as a loose ap-
nation, as the size of the hand may vary
ifferent individvals otherways resembling
other, either from original conformation
rom dissimilar modes of life; and, besides,
] ‘and form of the healthy heart itself
ary sufficiently to effect an apparent

ce in these re
average len the heart, according
; s, of which about
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healthy hearts, from 4 inches to 3 inches
24 lines. The avemage length was 3 inches
7} lines, .

The weight of the heart, according to
Meckel, is about 10 ounces, and its propor-
tionate weight to the whole body 15 as 1 to 200.
Tiedemann is of opinion that the proportionate
weight of the heart to the body 1s as 1 to
160.% The weight of the healthy and empty
heart, according to Cruveilhier, is from 7 to
8 ounces. Bouillaud found the average weight
in thirteen healthy hearts to be 8 ounces
3 drachins. According to Lobstein it weighs
between O and 10 ounces. The size and
weight of the heart must generally be to a
great extent in conformity with the size and
weight of the body. In an athletic male we
would expect it to weigh about 10 ounces, in
an ordinary-sized individual about 8 ounces,
and in weakly persons, or in cases of pro-
tracted debility, it would be still more dimi-
nished in weight. For the same reason it is
generally larger and heavier in males than
in females.

Structure of the heart—The heart consists
of museular and tendinous textures, of cellular
tissue, of bloodvessels, of nerves, and of lym-
phaties, enclosed between two serous mem-
branes.

Fendinous texture~—The tendinous texture
of the heart is flaced, 1, around the auriculo-
ventricular and arterial orifices; 2, within the
reduplicature of the lining membrane forming
the auriculo-ventricular and arterial valves; 3,
it forms the chorde tendinew.

Auriculo - ventricular  tendinous  rings.—
Around each auriculo-ventricular opening we
find a tendinous circle or ring, from the upper
part of which the muscular fibres of the au-
ricles arise, and from the lower part those of
the ventricles, thus affording perhaps the only
example in the human body of a strictly in-
voluntary muscle having tendinous attach-
ments. The tendinous ring swmirounding the left
auriculo-ventricular opening is stronger than
that surrounding the right. These tendinous
zones are thicker along the lower edge where
the museular fibres of the ventricle are attached,
and become thinner along the upper edge where
the muscular fibres of the auricles are attached,
so that the fat occupying the auricular groove
is seen through the upper portion of the rin
on the right side. The right margin of the 1
auriculo-ventricular ring is connected with that
surrounding the aortic opening. The existence
of the auriculo-ventricular and arterial tendij-
nous rings was well known to Lower.+

Arterial tendinous rings—The form of the
tendinous rings surrounding the arterial open-
ings, and the manner in which the large arte-
ries are attached to their upper edges, have not,
I think, been described with sufficient accu-
racy. These textures are very plainly observed

* If we consider the ordinary weight of an adult
heart to be B ounces, and the average weight of
the whole body to be 150 lbs. the ortionate
:ﬂgﬁ“ﬂﬁhﬂ? eurt to the body would be as 1

i-i- Tractatus De Corde, p. 20. 1669,
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in the heart of the ox and horse after a little
dissection. The following description is drawn
up from numerous dissections of these parts
made on the human heart. The tendinous ring
surrounding the aortic opening is stronger and
thicker than that 5urruumrinq the orifice of the
pulmonary artery. Both of them are stronger
than the auriculo-ventricular rings. Each of
the arterial rings appears as if composed of
three semilunar portions placed on the same
plane, the convexities of which are turned
towards the ventricles and the concavities to-
wards the vessels (fig. 1, aa)® Each of

Fig. 1.

Appearance of tendinous ving at the origin of the
pulmonary artery. In slitting open the artery,
one of the three projecting extremities of the ten-
dinous ring has been divided.

these semilunar portions has its projecting extre-
mities intimately blended at their terminations
with the corresponding projecting extremities
of those next to it, (fig. 1, bb,) so that the
three form a complete circle, with three trian-
gular portions projecting from its upper edge.
The semilunar portions approach fibro-carti-
lage in their structure, and have the intervals
left between their convex edges filled with a
texture more decidedly fibrous, (fig. 1, d,

milunar portions, more particularly on the left
side of the heart+ The thinness of the ten-
dinous structure filling up these intervals has
led some anatomists erroneously to describe
these portions of the heart as protected only
by the two serous membranes. The right ten-
dinous zone is broader than the left and ve
thin, particularly at its inner margin, at whic
rt in both sides of the heart it assumes more
of the tendinous than of the fibro-cartilaginous
structure. These tendinous rings are placed
obliquely from without inwards and from above
downwards, so that the outer edge is on a plane
superior to the inner, The sigmoid valves are
attached to the inner edge of the U]?EEI surface,
(fig- 2, ) and the tendinous fibres placed
in the fixed margins of these valves contribute
to the thickening of the ring at this part; the
middle coat of the arteries 1s connected to the
outer edge nrftlie same surface, and to the{anu
terior part of the projecting extremities, :
2, b ;)puwhilﬂ the E-:?ilsculng fibres of the ;:E-
tricles (fig. 1, f; fig. 2,0) are attached
to the lower surface of the projecting portion

of the convexity, and to the lower margin of

the fibrous tissue filling up the space between
the convexities of the projecting ends, (fig.

* These tendinous festoons are represcnted
stronger in the woodeut than thl:ly are nltm-nll'ﬁ-

) ‘Fhesu intervals are occupied by muscular fibres
in the heart of the ox and horse.

Jrad)

and which is considerably weaker than the se- ¥
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M""‘“ﬁ:ﬁ' artery alit ape:ﬂ at ilx ur%‘n, iy infermal |
menibrane stripped off, and two of the sigmoid valees
completely rﬂmwd.m ik o

a a a, tendinous festoons.

b b, muscular fibres of the right ventricle.
_ cce, middle fibrous coat of the arlery after the |
internal serous membrane has been stripped off.

fq, small portion of one of the semilunar valves
left to show its attachment to the inner edge of th:&!'
upper surface of the tendinous festonn, > 3

f

2, d.) There is, however, this difference
between the right and left arterial openi
with respect to the attachment of the muscualar
fibres;—on the right side the muscular fibres
arise from the Emjenling portion of the con-|
vexity of the w |
|

|

ole three tendinous festoons,

(fig. 3, ¢, ¢,) while in the left side the "I'I
Fig. 3. ;

cular fibres are attached only to one and
of a second, (fig.4, bb,) as the larger
of the mitral valve (fig. 4, a) is suspen

Fig. 4.
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ifrom the posterior or left, and u great part of the
Lanterior,—in fact to that part of the tendinous
Lring which separates the aortic from the auri-
eulo-ventricular opening. From the posterior
jpart of that portion of the tendinous ring to
cwhich the mitral valve is connected, the ante-
brior fibres of both auricles, near the septum,
sarise. As the left tendinous ring is thicker and
ymarrower than the right, there is a larger space
Heft between the fixed edge of the valves and
tthe attachment of the middle cout of the arte-
sries than there is on the left side. This space
iis of some importance, as upon it a consider-
rable part of the pressure of the column of
Iblood in the large arteries must be thrown
v during the diastole of the ventricles.
There is a good representation of these ten-
« dinous rings given in Tab. IL. Opera Valsalvee,
‘tom.i. At page 129 they are thus described :
& In horum sinuum ambitu qua valvule si-
* pubus annectuntur quidem quasi Agger videtur
ecurrere substantie durioris ad similitudinem
~eartilaginis tarsi palpebrarum.” T find also
that Gerdy® appears to have had an accurate
“potion of the form and appearance of these ten-
dinous rings. Ile was aware of the existence
“of the projecting angles of the tendinous ring
‘which pass up between the festoons of the
middle coat of the arteries, and which have
‘been overlooked m succeeding descriptions. 1
find also that the late Dr. A. Duncan, jun. has,
in his unpublished manuseript, given a very
‘accurate account of these structures in the heart
of the ox.
Tendinous structure in the auriculo-ventri-

cular valves.—Distinet tendinous fibres exist -
in the auriculo-ventricular valves enclosed be-

‘tween the reduplication of the lining serous
‘membrane. These are continuous with the
‘auriculo-ventricular tendinous zones, and are
‘most distinct and of great strength at the base.
I could never observe any distinet traces of mus-
“cular fibres in these valves in the human heart
either when fresh or after long boiling. Bouil-
laud has, from the examination of one incon-
clusive case, but principally from analogy with
 the corresponding valves of the heart of the ox,
supposed that they may exist in some eases in
hypertrophy of the valves. In making exami-
~mnations of this kind we must be exceedingly
.;&lreful not to mistake the tendinous fibres
‘when tinged with blood for muscular fibres,
for under these circumstances they certainly at
“all times assume the appearance of muscular
::.r hm-’r

~ ® Journal Complementaire, tom. x.
~ t In the heait of the dog 1 have seen a distinet
‘band of transverse muscular fibres in the base of
Al +!l.rgl-.rli of the mitral valve, but could never
gmf;.r myself of the existence of any longitudinal
muscular fibres, In the heart of the ox and horan
very distinet lonpitudinal muscular fibres are seen
in the valves of both sides of the heart, princi-
Fll]j, if mot entirely, continnous with the inner
layer of the fibres of the auricles. A greater part
puss over the inner surface of the tendinous rings,

and are firmly attached to the tendinons structure
of the valves, reaching nearly to the lower margin
of the smaller segments of the valves. The effect
of these fibres upon the movements of the valves
Wwould form an interesting subject of investigation.

Tendinous structure in the arterial valves.—
Distinct tendinous fibres also exist in the arte-
rial valves, which must add considerably to
their strength and prevent their more frequent
rupture. Three of these tendinous bands in
each valve are stronger than the others, and
their position deserves attention, as they are
often the seat of disease. One of these
bands oceupies the free margin of the valve,
and passes between the projecting extremities
of the tendinous festoons (fig. 5, a). Upon
the middle of this band the corpus Arantii,
which is formed of a similar texture, is placed.

The other band comes from a point a little i

above the middle of the projecting end of the §

tendinous festoon (fig. 5, b), and passes
up in a curved manner towards the corpus
Arantii, leaving between it and the superior
band a triangular space on each side, in which,
if any tendinous fibres exist, they are exceed-
ingly obscure.
were well known

to Morgagni. The third

band is placed in the attached margin of the ¥

valve, and renders this part the thickest and
strongest. Between the middle band and the

attached margin of the valve a number of |
placed, which also pass up- §
wards, generally assuming a curved form. Mor- &
gagni termed these lower and weaker fibres fibre §
carnew, but they evidently belong to the same §
structure as the stronger bands. The arrange- |

weaker bands are

ment of these tendinous fibres is best seen in
the aortic valves, and the appearance exhibited
in the accompanying representation, (fig. 5,)

These two tendinous bands §

which has been taken from Morgagni, is not

always distinctly observed, where the valves
are perfectly healthy, but become sufficiently
obvious in certain cases of disease.

Attachment of the middle coat of the arte-
ries to the arterial tendinous rings.—The inner

and outer serous membranes are continued from |

the heart upon the arteries ; the one becoming

‘the inner coat of the arteries, and the other is

continued for a short distance upon their ex-
ternal surface. A thin layer of cellular tissue
also passes from the heart along the arteries
between their middle coat and their external
serous membrane. These are, however, so far
unimportant compared with the attachment of the

middle coat of the arteries to the tendinons fes- 8

toons which we have just deseribed. The middle
coat is so very firmly and strongly attached both
to the external edges and to the anterior portion
of the upper part of these projecting extremi-

ties, (ﬁ%ﬂ, o) that it can be detached with §
i

great difficulty.

Those fibres of the middle
coat attache

to the projecting extremities, )"
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which are apparently of the same number and
thickness as 1n that portion of the artery im-
mediately above, form a distinet curved edge
(fig. 2, ), as they pass from the extremity
of one festoon to the other. As we trace the
middle coat of the artery downwards into the
concavities formed by each festoon, we find
that below this curved edge they become stri-
kingly thinner and continue to diminish in
thickness and in length, (since they can only
stretch  between the projecting extremities, )
until we arrive at the bottom of the concavity.
These three thin portions of the middle coat
must then be placed behind the semilunar
valves, and correspond to the sinuses of Val-
sulva.* The thinness of the middle coat at the
sinuses of Valsalva will render this portion of
the artery more dilatable, and predispose it
to rupture when its coats are diseased.t+ The
tendimous zones are distensible, but to a con-
siderably less extent than the middle coat of
the arteries. I am not aware that this account
of the manner in which the middie coat of the
arteries 18 attached to the tendinous rings has
been previously given. I suspect, however,
that Dr. Duncan must have been perfectly
aware of it from some parts of his manuscript.
The differences between these tendinous fes-
toons and the yellow elastic coat of the arteries,
and the manner of their attachment, can easily
be made out in the human heart; they are,
however, more apparent in the larger animals,
as the horse and ox. The different characters
of the two tissues are obvious at the first
glance afier boiling, even in the human heart,
Muscular tissue.}—The greater part of the

® So striking is the difference between the middle
coat as it fills up the concavity of these festoous,
and where it stretches between the projecting ex-
tremities in the hedgehog, that at first sight it ap-

| pears to be deficient at that part.

t According to Valsalva aneurisms are frequently
found in this siiuation : ** Atque hic aorte sinus
maximas ille est, in quo sepe anenrysmata circa
precordia contingunt, ut propria observatione
edoctus sum.”’ alsalve Opera. Epist. Anat.
ed. Morgagni, tom. i. p. 131 1740. This greater
tendency to anenrismatic dilatation most depend
upon two circumstances. The increased calibre of

e artery at this part will increase the pressure
upon its walls from the well-known hydrostatic law,
that * in a quantity of fluid submitted to compres-
sion, the whole mass is equall affected, and simi-
larly in all directions,” and the diminished thick-
ness of the middle coat will materially favour this
dm*?vdhi? e di ining th

hile I was in examining the arrange-
mént of the mumﬁ?a:!';-%gum of the heart, Dr. Alison
had the kindness to procure for me the manuseri
of the late Dr A. Duncan, jun. on this su hject.

was well known not only in this coun
continent that Dr. ]

uncan ha
riod attend ularl:
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heart is composed of muscular fibres arranged|
In a very intricale manner. These fibres are
connected together by cellular tissue,® which,
however, exists in much smaller quantity inf
the heart than in the other muscles of the Lody.
These fibres are attached generally by bothi
extremities to the tendinous rings situated
around the orifices of the heart; the fibres of
the auricles pass upwards to form the auricles,
and those of the ventricles downwards to form
the ventricles, so that these tendinous rin

must form the fixed points towards which all
the contractions_of the heart take place. None
of the muscular fibres of the auricles are cone
tinuous at any part with those of the ventricles,
and we will find that while some of them are
confined to a single auricle, others belong to
both. In the same manner a great part of
the fibres of the ventricles are common o}
both, and are interwoven together, while others |
again belong exclusively ta a single ventricle, |
or, as Winslowt expressed it, the heart is come |
wosed of two muscles enveloped in a third. |
The intimate arrangement of these muscular
fibres, particularly those of the ventricles, is |
exceedingly complex, as the contraction of the |
orgun is not in one particular direction only, |
but in all directions, and has long been con-
sidered as a kind of Gordian knot in anatom oo
Vesalius, Albinus, and Haller] confessed their
inability to trace them, and more lately De |
Blainville§ assures us, from his own experi-
ence, that we can only arrive at very general |
conclusions ("des choses tris-générales) on is
subject. By adopting the method of long=
continued boiling of the organ before com-
mencing to attempt to trace the course and ar-
rangement of its fibres, we will find that after a
few trials several of the most important points
connected with the distribution of these can be
ascertained, and by perseverance they can be
unravelled to a great extent. By long boiling
the muscular fibres are rendered hard and firm
while the tendinous and cellular tissues are
softened or dissolved, and the fat melted. D
Duncan, who employed this method to a g
extent, states that the essential circumstance i
to continue the boiling long enough, and tha
he has never been able to carry it too far. I
have found from eighteen to twenty hours gene
rally sufficient for this purpose. Some
recommended that the
viously put for a short ¢
tion of salt, and
be boiled in a solu
of rendesdg e

iy
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fithe muscular fibres of the ventricles may be
estated to be as follows. 1st, Most of these
tfibres are connected by both extremities to the
stendinous structure of the heart, a fact well
tknown to Lower,* though overlooked by many
ssubsequent anatomists. 2d, The direction of
ithese fibres i1s more or less oblique, a com-
yparatively small part of them only being
svertical, and that too for a limited part of
itheic course.  The dezree of obliquity of
tthese spiral turns is different in different por-
fetions of the heart: they are more ob-
A'lique on the surface and less oblique
Jsas we proceed to the deeper fibres,
smore particularly at the base. The
Jedeeper fibres approach more to the cir-
cealar form. 3d, As has been already
sstated, part of these fibres are common
tto both ventricles; while part only
tbelong exclusively to a single ventricle,
sand that principally at the base. 4th,
1The external fibres are longer than the
imext in order, and after turning round
tthe apex pass upwards into the interior,
tbelow the lower margin of the shorier
ffibres, and form the inuer surface of
tthe ventricles, while the deeper again
tturn up below the lower margin of the
ffibres next in succession, so that the
Honger enclose by their two extremities
aall the shorter fibres. By this arrange-
rment we can explain how the base and
rmiddle part of the ventricles should
ftbe much thicker than the apex. This
darrangement has been particularly in-
ssisted upon by Dr. Duncan and Gerdy,
sand to illustrate it Gerdy has given an
sideal illustration, of which fig. 6 is a

REVpY -
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~ In examining the course of the fibres of the
tricles we shail not attempt to deseribe each
rticular band of fibres, but confine ourselves
1 to their general arrangement.t In examining
Ithe surfice of the ventricles the superficial

ibres of the anterior surface are observed to

* ‘Practatus de Corde, p. 34 to 37. Lugd. Batav.

Wolff' has named and minately described eight
tinet bands of muscular fibres on the sucface of
right venrricle : Acta Petropolit, pro anno 1781,
L Tﬁil FI ?ﬁ‘ll ITH-E.'.

run in a spiral manner from above downwards
and from right to left, while those on the pos-
terior surface, which are in general more ver-
tical, run from left to right. Most of these
bands are thin and broad at the upper part,
and become narrower and thicker as they ap-
proach the apex, where they form a remarkable
twisting, which has been termed the vortex,
(of which fig.7, taken from the human heart
after boiling, is an accurate representation, ) and
then pass in to assist in forming the inner surface

Fig. 7.

of the left ventricle and the columnz ecarnem.
The manner i which the external fibres tum
in at the apex to form the inver surface of the
ventricles and enclose the deeper fibres was

well known to Lower, and he has illustrated - &

it by an engraving, of which fiz. 8 is a copy.
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This arrangement of the external fibres was
also well known to Winslow® and Lancisi 4
Winslow, however, denied that they described
the figure of eight, as stated by Lower. More
lately Gerdy has given a description of this
arrangement, to which he has added an en-
graving, which approaches more to the ap-
pearance of the perfect figure of eight than
that given by Lower. I, however, prefer that
given by Lower, as it more nearly resembles
the arrangement which I have myself seen in
tracing these fibres. A small part of the right
and posterior side of this vortex is formed by
fibres from the posterior surfice of the left
ventricle, and from that part of the posterior
surface of the right ventricle near the septum,
and are attached above to the auricular tendi-
nous rings, while the whole of the anterior and
left side of the vortex is formed by fibres from
the anterior surface and right margin of the
ventricles. On tearing these last fibres, which
form the principal Earr. of the apex, from the
anterior surface of the left ventricle, we find,
as we proceed upwards, that a comparatively
small part of them cross the anterior fissure
upon the right ventricle to reach the right au-
ricular tendinous ring. The greater number
dip in at the anterior longitudinal fissure, and
we shall afterwards find that they can be traced
to the base of the septum of the ventricles.
By tearing off these fibres downwards, we open
into the apex of the left ventricle. A general
notion of the manner in which these fibres,
passing from the base of the septum, turn in
at the apex, and proceed upwards on the inner
surface of the left ventricle, may be obtained
from fig. 8. To have been quite accurate
the inner fibres should have been more scat-
tered, and some of them represented as termin-
ating in the columnee carne. By unravelling

the fibres which form the apex, we may open
into the interior of the left ventricle without
breaking a single muscular fibre. Having thus
opened the apex of the heart, although the
point is removed, the circular edge is left entire
(fig;]% a), and is formed of another seres

Fig. 9.

* Mémoires de 1'Acad. Roy. 1711, p. 197.
t De Motu Cordis : Opera ominia, tom, iv, p. Y6,
1745. :

of fibres, which, like those taken away, ad
vance spirally from the base to the apex, ant
turning over the edge (figh/ 9, b) ascend i
the opposite direction, contifiuing their course
after being reflected. Proceeding in the
same manner the whole apex of the left vend
tricle may be removed, and the same prin ciple
of arrangement is found throughout the le
heart even to the base. When we get down ad
far as the apex of the right ventricle, although
the principle remains the same, its effects
more complicated, as it applies to two cavities
instead of one.” 1 have frequently satisfied
myself of the. correctness of the description
contained in this passage, which 1 have quoted
from the manuscript of Dr. Duncan. "
the same kind of arrangement which, we ]
already stated, has been insisted upon by
Gerdy, but which we believe can be man
satisfictorily seen by tracing the fibres in this
manner. Gerdy lays it down as a general law
that all the fibres of the heart form loops, th
apices of which look towards the apex of the
heart (fig. 6). I find that Dr. Dunea
states that while the apices of those logp
which form the lower part of the heart poinl
to the apex, as Gerdy has described, * yeth
commits a great error when he asserts that the
apices of all the fibres of the heart point}
that direction, since the number of tops whi
];:oim in the opposte direction is not less.
Vhen the superficial fibres of the heart ha
been removed as represented in fig:7%, W
will find that if we trace the great '
fibres occupying the lower and middle part o
the left ventricle, they will be seen to rum
spirally in strong bundles from above down:
wards and from right to left, to wind roun
and form the posterior as well as the anter
part of the point of the heart; that the greal
mass pass in at the apex of the left ventricle
assist in forming the columne carnez and ind
ternal surface, while others pass in at the ape
of the right ventricle, and others again
turning a little upwards, dip into the
below some of the higher fibres. On tracing
them upwards, on the other hand, they dip'i
at the anterior longitudinal fissure (fig79, ¢
where they are as it were dovetailed with othe
fibres from the anterior surface of the righ
ventricle passing in at the same fissure, an
then mount almost vertically upwards to
base of the septum, forming part of the s
tum of the right ventricle, only separated fic
its lining membrane by a thin layer of fibre
and are inserted in a strong band in the
into the bone of the heart, which is
between the auriculo-ventricular open
aorta, while in the human heart they are spr

]
R

# I could not discover in Dr. Dun
script any other description or allusion
here mentioned whose arrangement
the general law which Gerdy is anxions
There is no doubt, however, that many
S niohy oF e chiaD, Sl Sl

eripher e organ, and
zﬁdptha{a few ?;Etha nfu
directed upwards.




sover a- wider surface at this their upper in-
wertion. 1 have been more particular in
idescribing this part of the heart, as this ar-
angement of the fibres appears to me to be
untimately connected with the production of
the tilting motion of the heart. The fibres
hich occupy the upper part of the anterior
surface of the left ventricle, as well as those
weeupying the upper part of the posterior
ssurface  (nearer the base than those bands
halready described as passing from the ante-
vior surface), partly dip into the mterior of
the left wventricle as they wind round it,
ppartly pass in at the posterior longitudinal
;groove to assist in forming the septum, while
wther strong bands, more particularly near the
bbase, cross this groove and dip into the interior
wof the right ventricle. In the human heart
[ have stripped off pretty strong superficial
poundles from the upper part of the posterior
ssurface of the left ventricle over the posterior
longitudinal groove, and over the surface of
e right ventricle as far as the anterior longitu-
idinal fissure, into which they dipped. In
sstripping off the fibres from the posterior and
anterior surface of the right ventricle at this

age of the dissection, part of them disap-
ppear in their course amuntﬁhe ventricle, where
i ey dip in to assist in forming the interior;
jothers as far as the anterior groove
boefore they dip inwards; while part of the
fibres which arise from the conus arteriosus
icross the upper part of the anterior fissure
u]ilon the anterior surface of the left ventricle,

where they pass into the interior of the left
ventricle. These fibres, crossing the anterior
ssurface of the right ventricle, and which dip
in al the anterior fissure, form the inner sur-
face of the septum of the right ventricle. On
iracing those fibres which dip inwards at so
pmany different points, they are observed to rise
upwards to the tendinous rings either directly
wor indirectly through the medium of the chordz
dendinee. In following the fibres in this man-
pner we perceive the intimate conmexion that
2xists between the two ventricles, and that their
icontraction must be simultaneous. We also
ssee that comparatively few fibres cross the
anterior longitudinal groove except near the
ibase, while large bundles of fibres cross the
jposterior groove. When these fibres crossing
fithe two grooves have been torn away, the two
ventricles become detached from each other,

tBy this time the apices of both ventricles have
tbeen opened.

On examining the deeper fibres (which oe-
senpy that part of the heart near the base), they
are seen to form a series of eurved bands, of
vome of which . 10 is a representation.
Lhese bands are imbricated, the lower disap-
fiigaring by its intemal extremity below the
higher, so as to be inserted by that extremity

int more in-

mto the tendinous rings at a
ter al than the corresponding extremity of the
higher bands. Some of these bands are com-
amon to both ventricles, others belong exclu-
sively to one. The fibres of the right ventricle
become very complicated where they form the
bconus arteriosus and fleshy pons between the

A . i
Fig. 10.

pulmonary artery and right auriculo-ventricular
orifice. al:fhe fibres of the left ventricle are
stronger and coarser than those of the right
ventricle, while those of the conus arteriosus
are still firmer than those on the lower part of
the right ventricle.*  There do not occur in
any part of the heart cellular sheaths or ten-
dinous aponeuroses dividing bundles of fibres
as separate muscular Tasciculi.  Although a
complex it 1s not a compound muscle, and
does not consist of a number of distinct bellies
or heads. The only thing approaching to this
structure are the columne and a strong mus
cular stay between the peripheral and septal
wall of the pulmonic ventricle, and the re-
ticulated texture on the inside of the ventricles,
much more conspicuous in man than in oxen."”
% Many fibres are attached to each other by
agplutination or in a manner not easily under-
stood.” ¢ Many fibres bifurcate, and the di-
vided fibres follow different directions: or two
fibres from different parts approximate, and at
last are united and proceed as one fibre. I am
doubtful if this can be considered asa tendinous
point of union of all three. These points of
union are often arranged in one line so as to
give some appearance of a pennated muscle,
but the tendinous points, if they exist, do not
adhere to form membranes or strings. This
bifurcation is very evident in the connection
of the septal with the peripheral walls of the
heart. "+ .

The auricles are formed by two sets of fibres,
a superficial and a deep. e arrangement of
these two sets of fibres does not fullow the
same laws as those of the ventricles, The su-
perficial layer (fig. 11, aa, fig. 12, a a),
surrounds the base of the auricles, and is of
unequal height and thickness. It is broader
on the anterior and narrow on the posterior
surface, more particularly on the posterior and
outer part of the right. It extends upwards
towards their superior edge on the anterior
surface, and on the posterior surface of the
left as far as the inferior pulmonary .veins.
It is very thin, particularly on the outer
and posterior part of the right auricle. 1In its
course vound the auricles the fibres diverge to
enclose the appendices, and the orifices of the

* Dr. Duncan has given a very minute descrip-
tion of the fibres of this and uﬂ:qr parts of the
heart, which are mnch too long for insertion here.
He has also given a very acourate and minute de-
scription of the bone in the heart of the ox.

1 Dr. Duncan.
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large veins. These fibres cross transversely
between the anterior surface of the two auricles
and connect them togather. These superficial
fibres are also prolonged into the interauricular
septum (fig. 12, f) to assist in forming the

Fig. 12.

circular band of fibres which surrounds the
fossa ovalis. Gerdy figures a superficial band
of fibres (figz. 11, b) as belonging exclusively
to the left auricle.

The deep fibres belong exclusively to a sin-
gle auricle. They are superficial at various
parts, where the external or circular fibres are
deficient. By their inner surface they are con-
nected to theinner membrane of the auricles,and
a thin layer of cellular tissue unites their outer
surface to the inner surface of the superficial
fibres. In the left auricle Gerdy describes,
1st, a left auricular loop (fig. 11, c ¢, fig. 12,
c ¢), which embraces the auricle from its su-
perior edge to its base, which runs a little
obliquely to the left, before, above, and then
behind the auricle, and is atlached by its ex-
tremities to the auricular tendinous ring near
the septum. It is contracted at that part where
it passes between the pulmonary veins, 2d,
The pulmonary veins are surrounded by circu-
lar fibres (fig. 11, d d, fig. 12, d d), which
are continued along their course to a variable
extent,—sometimes they merely surround the
termination of one or more of these veins,
at other times I have seen them prolonged out-
wards as far as the roots of the lun These
fibres gevera'ly forin a continuous layer, and

of sufficient thickness to render them ca
of constricting these vessels considerably. 3d
Some fibres proper to the appendix (fig. 11,
m m), which, by passing between and uniti
themselves to the other fibres of the a pendix
form that reticulated appearance which it
sents i its inner surface. Some of these fi
are circular, others form incomplete circles.

In the right auricle, Gerdy has described |
1st, a right avricular loop (fig. 11, &k, fig.
12, k), which is attached anteriorly to the|
tendinous structure at the base of the auricle ;
1t extends upwards in the anterior edge of
septum aunculorum; it then curves round
fossa ovalis, of which it forms the projecting
edge, and at the orifice of the vena cava su
rior it divides into a right and left band, !
first proceeds downwards, becomes engaged|
with some of the superficial fibres around th
cava superior, and forms the angle betweelﬂ
them (tuberculum Loweri), from which it
passes downward to the auricular tendinous|
ring along the right side of the cava inferior.
The left division passes along the left side of
the cava inferior, in the posterior edge of the
auricular septum, where it intermixes with I‘.hel
fibres which embrace the entrance of the coro-
nary vein. 2d, Some muscular fibres (fig.
11, p), which pass between the anterior
of the tendinous ring and the appendix. 2ad,
Some circular fibres, which surround the en-|
trance of the cava superior (fig. 11,0): th
do not extend upwards beyond the orifice
the vein. 4th, The bundles of fibres which
arise from the right side of the auricular ring
proceed upwards to the posterior part of the
appendix, and form the musculi peetinati
seen in the interior of the auricle. 5th, A few
fibres prﬂL}er to the auricle (fig. 11, n), which’
assume the circular form. e action of all
these fibres superficial as well as deep must
to diminish the capacity of their cavities, a
draw them towards the auriculo-ventricular
openings, and thus favour the passage of their
contents through these openings.

Inner membrane of the heart.—Fach side of|
the heart has its own lining membrane, and|
both of these are closely allied to the serous)
membranes in structure and appearance. They
are continuous with the inner coat of the vessels
which open into their different cavities. These
have been termed the endocarde by Bowllaud:
to distinguish them from the serous coat of the

icardium on the outer surface of the heart.

f we commence to trace the inner membrane
of the right side from the entrance of the two
cave, we find that it is folded upon itself to
form the Eustachian valve at the entrance of
the inferior cava ; it then passes upon the inner |
surface of the auricle, and at the opening of the |
coronary vein it is again folded upon itself to
form the valve of the coronary vein. It passes
through the auriculo-ventricular u'i;-euing, I'?'
heres to the inner surface of the tendinous ring,
and is there folded upon itself to assist in form-
ing the tricuspid valve. It now proceeds upon

the inner surface of the ventricle, and at th
origin of the pulmonary artery it assists Im
forming the semilunar valves, and becomes con=
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tinuous with its inner coat. If we trace the
vinner membrane of the left side of the heart
Mifrom the entrance of the pulmunary veins, we
Aifind that, after lining the auricle, it is continued
M through the auriculo-ventricular opening, and
ofl'is there folded upon itself to assist in forming
ithe mitral valve. In the left ventricle it sur-
§ rrounds the chorda tendinez and unattached
tcolumn® carmes in the same manner as in the
E rright ventricle ; and at the origin of the aorta it
8 sassists in forming the semilunar valve, and be-
ecomes continuous with the inner coat of the
sartery. These membranes adhere intimately to
tthe inner surface of the heart by close eellular
itissne, and have their inner surface perfectly
polished and smooth. That of the left auriele
18 thicker than that of the right. They are
{ithicker in the avricles than in the ventricles.
AUn the ventricles, except near the origin of the
3 tlarge arteries, they are exceedingly thin.
Nerves of the heart—The heart is supplied
Yrwith nerves from the sympathetic and par
Arvagum. The sympathetic branches come from
fithe superior, middle, and inferior cervieal gan-
Jiglia, and frequently also from the first dorsal
figanghon. The branches from the par vagum
“Jecome directly from the trunk of the nerve, and
“fiindirectly from the recurrent or inferior laryn-
i g%enl. he course of these on the right side
cdiffers from those of the left in some respects,
sand requires a separate deseription. These
Wrnerves, like most of the other branches of the
ssympathetic, are very irregular in their size,
“Wrnumber, and origin, so that 1t would be difficult
Wit find two subjects in which they are exactl
“Realike ; they are also very irregular in ther
“Peeourse before they reach the cardiac plexus,
#ibut become more regular when they gain the
‘Mrarteries of the heart, whose branches they ac-
Wlicompany. These nerves, after forming diffe-'
i rent anastomoses and plexuses with each other
cof the same side, converge at the upper and
§l ! back part of the arch of the aorta, where they
§form a free anastomosis with those of the oppo-
ssite side, and then passonto the heart. The left
tcardiac nerves are sometimes much smaller
Bt than those on the right side, 50 as to appear, as
iin the dissection described by Lobstein,* merely
faccessory to those on the right. On the other
Ihand the size of those on the left side may pre-
¥ nderate considerably over those on the right.
lhe proportional size of the different nerves of
tthe same side is also very various. When the
tnerves of one side are small, the deficiency is
tmade up by the greater size of those of the op-
| posite side ; and when any particular branch is
teither unusually small or entirely wanting, its
Iplace is supplied by the greater size of the
tather nerves of the same side, or of those of the
topposite side. The branches from the par
i vagum, particularly those coming from the re-
tcurrent, vary also considerably in size. All
tthe sympathetic branches of the cardiac plex-
‘uses are of a gray colour, and are generally not
480 soft as Scarpa has described them.
The right cardiac branches of the sympathe-

" De Nervi
Epp. 16 &% 18,

Sympathetici humani fabrica, &,
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tic are generally three in number : 1st, superior
cardiae (supremus et superficialis cordis ) arises
from the lower and inner part of the superior
cervical ganglion, or from the continuation of
the sympathetic between the superior and
middle ganglia, or from both these arigins. It
generally also receives a filament from the par
vagum. In its course down the neck it lies
behind the sheath of the earotid artery. It
anastomoses with the external laryngeal perve
and deseendens noni, and sends a twig along
the inferior thyroid artery to the thyroid body ;
and at the lower part of the neck it sometimes
divides into two branches as figured by Scarpa,®
one of which unites itself to the middle car-
diag, the other forms an anastomosis with the
recurrent nerve of the same side. At other
times it passes into the thorax either in front or

.behind the subelavian artery, takes the course

of the arteria innominata, and reaches the pos-
terior part of the arch of the aorta, where it
anastomoses with branches of the middle and
inferior cardiac nerves, or with branches of the
recurrent. It more rarely appears to pass to
the cardiac plexus without any anastomosis
with the middle and inferior cardiac branches.
It frequently presents a ganglion in its course
down the neck.

Middle cardiac nerve—This nerve arises by
several short twigs from the middle cervical
ganglion. This 15 generally the largest of the
cardiac nerves, and 15 named by Scarpa the
great or deep cardiac nerve (n. cardiacus me-
dius, 5. profundus, s. mognus). It proceeds
downwards and inwards, crosses the subelavian
artery, sometimes in front, at other times it di-
vides into several branches, which surround the
artery and again unite. It anastomoses with
the branches of the recurrent, in the neigh-
bourhood of which it runs, also with the par
vagum, superior and inferior cardiac nerves ;
and following the course of the arteria innomi-
nata it passes hehind the arch of the aorta to
terminate in the cardiac plexus.

Inferior cardiac nerve (n. cardiacus minor

of Scm-}m}.—'l‘his nerve generally ari-es by fila-
ments from the inferior cervical ganzlion, some-
times from the first dorsal ganglion, at other
times from both. It proceeds behind the sub-
clavian artery near to the recurrent nerve. It
follows the course of the innominata close to
the middle cardiac, with which it anastomoses,
and proceeds to join the cardiac plexus.
_ Lefi cardiac nerves—Perhaps the differences
in the course of the right and left eardiac nerves
are principally to be attributed to the known
differences between the large arteries of the two
sides. The left sugerﬁ::ialis cordis is figured
’::?: Scarpat as dividing a little above the arch
of the aorta into four branches; two of these
pass in front of the aoria to form an anastomo-
sis with a branch of the par vagum and deep
cardiac ; a third also passes in front of the aorta
to unite itself with the middle cardiac; and the
remainder of the nerve proceeds behind the
arch to unite itself with the cardiac plexus.

* Tah. iii. Tabule Neurologice, &e.
t Tab. iv. op. cit.
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The left middle cardiac nerve is generally
smaller than the right, and is frequently partly
formed by a branch from the iu}er'mr cervical
ganglion. It passes behind the arch of the
aorta, sometimes in the form of a single trunk,
sometimes double, at other times triple, and
generally throws itself into the upper and left
part of the cardiac plexus.

Cardiae plexus (great  cardine plexus of
Haller) is placed behiud the arch of the aorta
and in front of the lower part of the trachea,
extending from the arteria innominata to the
right branch of the pulmonary artery, and is
formed by the convergence of nearly the whole
of the cardiac nerves of both sides, but more
liarliuularl_-,r of the middle cardiac nerves.
There is occasionally a distinct ganglion at the
Junction of these nerves; more generally there
15 ouly a plexiform arrangement. From this
plexus a very few branches pass upon the ante-
rior surface of the aorta (cardiact superficiales
anrte ), and anastomose with the right coronary
plexus : some twigs also Easa backwards to
anastomose with the bronchial plexuses. By
far the greater part of the cardiac plexus pro-
ceeds to the heart in the form of two large
divisions to form the right and left coronary
plexuses which accompany the coronary arte-
ries.  Where the right branch leaves the lower
part of the plexus there is a gangliform swelling
(ganglion of Wrisberg), which 1s occasionally,
however, very indistinet. This ganglon fur-
nishes the greater part of the superficial plexus
of the aorta which we have just described. This
great right cardiac branch divides into two
parts; the smaller passes between the aorta and
pulmonary artery to reach the right side of the
origin of the pulmonary artery, where it attaches
itself to the right coronary artery to form the
principal part of the right coronary plexus; the
other and larger portion creeps under the pul-
monary artery to the posterior part of the heart,
to assist in forming the left coronary plexus.
The great left cardiac branch, which principally
comes from the upper part of the cardiac plexus,
and at first passes from right to left posterior to
the ductus arteriosus, afier which it is joined
by other smaller branches which pass n front
of the ductus arteriosus. It also divides into
two branches ; the smaller passes beiween the
aorta and pulmonary artery, and reaches the
origin of the right coronary artery, and throws
itself into the right coronary plexus ; the larger
bends round the posterior surface of the pulmo-
nary artery to reach the left mmnari{ artery,
where it forms, with the larger branch of the
right, the left coronary plexus. There is thus
a free interchange of Alaments between the
nerves of both sides. The left coronary plexus
is considerably larger than the right, in propor-
tion as the IEH side of the heart is thicker than
the right. These coronary plexuses consist of
a number of minute filaments which accom-
pany the ramifications of the eoropary arteries
everywhere, and are distributed upon the sur-
face of the auricles as well as upon the ventri-
cles, Tl'll.':j’ anastomose with each other upon
the anterior and posterior surface of the heart.
All the nerves of the heart enter into its sub-
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stance upon the surface of the arteries, and
cannot be traced beyond the second or third
division of the arteries. The nerves of the
heart are generally considered to be small com-
pared to the size of the organ* Though the
nerves of the heart are not equal in size to
those of the tongue and eye, yet Scarpa is
doubtful if they are not equal 1o the nerves of |
the other voluntary muscles, as, for example,
the muscles of the arm. It must be remem-
bered that the minute subdivision and diffusion
of these nerves over a large extent of surface,
by which many of them can only be seen after
4 minute examination, causes them to appear of |
less size than what they collectively really are,
Soemmerring maintained that very few of the
nerves of the heart were distributed to the mus-
cular tissue of the heart, and that they more
properly belonged to the arteries : “ nervi car-
diaci proprie ad arterias, ad aortam et arterias
coronarias pertinent, eaque filia subtilia nervo-
rum parum sibi (cordi) constant." + Behrends,
the pupl of Soemmerring, affirmed that not a
single twig went to the muscular tissue of the
heart, but that they were entirely distributed on
the coats of the arteries.f The announcement
of these opininns, bearing so directly as they do
upon the Hallerian doctrine of the nature of_%
irritability, so keenly agitated immediately be-
fore throughout Europe, could not fail to create
considerable sensation at the time, and it is
probable that to this we owe the splendid work
of Scarpa upon the nerves of the heart, which |
has entirely set the question concerning the dis-
tribution of these nerves at rest. Scarpa has
shown that when followed to their minute dis- |
tribution, the nerves of the other muscles ae-
company the arteries in the same manner as
the nerves of the heart, and that the nerves of
the heart only differ from those of voluntary
motion in this, that the nerves accompanying.
the arteries of the voluntary muscles are firmer
and thicker than those of the heart.
Bloodvessels of’ the heart.—The heart is sup=
plied with blood by the two coronary arteries,
for a description of which see Aorta. Th
blood is returned by the coronary veins. The
branches of the coronary veins generally accom=
y those of the arteries. They are divided |
into the larger coronary vein and smaller coro- |
nary veins. i <3
Great coronary vein (vena coronaria mo.rkma |
cordis ). — This vein is formed by several
branches, three of which surpass the oth
considerably in size. Une of these lies in
anterior longitudinal groove ; another runs alo
the obtuse or left margin of the heart; and
third, which may be replaced by two or threé

* Bichat in his Anatomie Génfrale says, *f that
the nervous mass intended for the muscles of o
nic life is much inferior to that of the volu
muscles. The heart and deltoid muscle, on be
compared together, diu.qla;r in this respect a ¥
considerable difference.”

t Corporis humani iabrica, rom. v.

+ Dissertatio qua demopnsiralur cor nervis carere
After making this general statement, he admits, &
one part of his treatise, that he has traced t
twigs of the cardiac neives into the substance of the
heart.




«smaller veins, runs along the posterior surface
of the left ventricle, between the obtuse margin
‘and posterior longitudinal groove. The first
cof these is frequently described as the trunk of
| the vein, and it commences at the apex of the
| lieart, where it anastomoses with the smaller
sterior and anterior veins. It rupns upwards
'in the anterior longitudinal groove along with
1the left coronary artery, gradually increasing in
: size as it ascends, from the junction of the other
iveins. When it reaches the base of the ventri-
veles it changes its direction, enters the groove
Ibetween the left auricle and wventricle, leaves
ithe coronary artery, passes from left to right in
i the posterior part of the same groove, when it
Ibecomes considerably dilated (sinus of the co-
sromary vein ). It then opens into the right
‘auricle at its lower and back part close upon
ithe posterior edge of the septum auriculornm,

Smaller posterior coronary vein (vend coro-
inarie cordis minor ).— It commences at the
‘apex of the heart, runs up in the posterior lon-
ygitudinal groove, or a little to its night side, and
ireceives its blood principally from the right
wventricle. It generally joins the sinus of the
\ coronary vein ; at other times it enters the auri-
i cle separately immediately by the side of the
| great coronary vein, so that its aperture is also
teovered by the coronary valve.

Smaller anterior coronary veins (venae inno-
iatinate of Vieussens)—These are very small
tand variable in number, and are placed on the
1anterior surface of the right ventricle. One of
ithese, larger than the others, (generally the su-
| perior,) sometimes receives the name of ante-
irior vein of Gulen. They frequently unite to
Hform a single trunk; more generally perhaps
ithey continue separate, pass in front of the right
tcoronary artery as it lies in the auriculo-ventri-
teular groove, and enter the right auricle at its
ianterior and inferior part. One of the musculi
| pectinati overlaps their entrance, forming a kind
tof valve.

Venae minime, or veins of Thebesius, are
tminute veins, which enter the auricle at various
}-ﬁnints. It was maintained by Vieussens, The-

esius, and Ruysch, that some of the coronary
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'veins opened mto the left side of the heart,
I'thus producing a slight intermixture of the dark
Iblood with the arterial. This has been more
lately asserted by Abernethy,® and has been
L8up to occur more frequently in phthisical
teases ; the difficulty of transmitting the blood
Ir]imugh the lungs causes their enlargement.
: Buch injections are liable to great fallacy, from
I'the great facility with which fine injections, or
téven coarse injections when forcibly pushed
vinto the vessei]s, escape into the cavities of
torgans. Fspecial care 15, therefore, required in
teonducting them. Notwithstanding that we
| have the authority of some of the most accurate
fanatomnists in favour of this opinion, it is ver
t doubtful if any of these veins open into the le

¢ gide of the heart.t

* Philos. Trans. 1798.
t Professor Jeffray (Observations on the Heart,
£ &c. of the Fetus, p. mentions a case in which
L the large coronary vein opened into the left auricle,
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Sinus of the coronary vein.—This is always
described as a dilatation of the lurge coromary
vein, but 1 have found it decidedly muscular in
man and in several of the Mammalia, as the
dog, horse, ox, and sheep ; and it presents the
appearance of a muscular reservoir placed at
the termination of this vein, similar to the auri-
cles at the termination of the two cavee. This
sinus is placed i the posterior part of the
grouve between the left auricle and ventricle,
adheres intimately to the outer surfuce of the
auricle, and communicates by one extremity
with the auricle, and by the other with the
large coronary vein. The commencement of
the dilatation is generally abrupt, and the first
appearance of the muscular fibres well defined.
1 have seen it vary from two inches to only
half an inch in length. These muscular fibres
are generally circular; part of them, hﬂ“’?""m':
are oblique. Some of them belong exclusively
to the vein; a great part appearto be connected
with the muscular fibres of the auricle. This
muscular sinus must serve to prevent regurgi-
tation along the coronary veins. [ have also
generally found a distinet valve at the termina-
tion of the covonury vein n the sinus. This
vilve resembles the valves found in the veins
of the extremities. [t is generally single, some-
times it is double. I have also occasionally
found one or more single valves in the course
of the vein.® A disunct valve may also occa-
sionally be seen at the termivation of the pos- §
terior coronary ven in the sinus. Portalt
mentions that he has seeu the coronary valve
situated in the interior of the vein a little from |
its mouth. Thebesius and Morgagni have ob- §
served valves placed in some of the smaller 5
veins where they terminate in the larger. The 3
valves of the coronary veins do not in general
prevent the passage of injections contrary to the |
course of the blood along them. :

Lymphatics of the heart.—The lymphatics &
of the heart are divided into two sets—super- |
ficial and deep; the superficial commencing
below the external serous membrane, and the
deep upon the internal membrane. They fol- &
low the course of the coronary vessels. Some |
of them pass directly into the thoracie duet, |
and, according to Meckel, sometimes directly
into the subelavian or jugular veins. _
pass into the lymphatic glands situated in front [
of the arch of the aorta, while others pass into |
the glands situated around the bifurcation of §
the trachea, and a few also join the lymphatic
vessels of the lungs.

Pericardium.—The pericardium is a fibrous

Lecat (Mém. de 1"Acad. des Scien. 1738, p. 62) [
found the coromary wveins in a young child unite i
themselves into u single trunk and enter the left [
subclavian, It is probable that Soemmerring had
this cuse in view wEm he states, ** Rarissime vena
hie in vena subclavia dextra fnitur,” (de corp.
hum. fab. tom. v. p. 340, 1800 ) paricularly as
Haller, (Element. Phys. tom. i. p. g?ﬁ, 17567}, in
quoting the case, has inadvertently substituted the
word for sintslra.

* I have seen two or three pair of double valves
in the course of the coronary vein in the horse and
ass. These animals have no Thebesian valve.

t Anatomie Médicale, tom. iii.

Others 1
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bag surrounding the heart and origin of the
large bloodvessels, but without any direct
attachment to the heart itself, having its inner
surfuce lined by a serous membrane. Tt is
trom this lutter cireumstance that it is generally
termed a fibro-serous membrane. It is placed
behind the cartilages of the second, third, fourth,
and fifth ribs of the left side and middle part
of the sternum. Posteriorly it rests upon the
parts contained in the posterior mediastinum ;
anteriorly it corresponds to the anterior medias-
tinum, and may be reached by perforating the
left side of the sternum, as has been proposed
in some cases of hydrops pericardii. The
pleurm adhere to its lateral and part of its
anterior surface by pretty close cellular tissue,
when the interposed fat is small in quantity.
The phrenie nerves with their small accom-
panying arteries l}w.ﬁ down the thorax between
the pleure and lateral surfaces of the pericar-
dium. Below, the fibrous part of the pericar-
dium adheres intimately to the upper surface
of the cordiform tendon of the diaphragm, and
15 also connected by pretty dense cellular tissue
to the upper surface of the muscular fibres

| runming into the anterior part of the left lobe
- of the tendon. Tt adheres more firmly to the
- cordiform tendon at the edges, particularly
. anteriorly, than at the centre. It is broader
. below where it adheres to the upper surface of

the diaphragm, narrower above where it is

L]pll} the large vessels that pass in and
out from the heart. Upon these large vessels
the fibrous part of the pericardium is prolonged,
forming a kind of sheath, which gradually be-
eomes thinner uniil 1t is confounded with the
cellular coat of the vessels. From the manner,
however, in which the vena cava inferior enters
the heart, it can have no fibrous sheath of this
kind. At the different points where the fibrous

- coat becomes applied upon these vessels, and
- where the cava inferior passes through the
- cordiform tendon, the serous coat is reflected

upon the outer surface of the wvessels, and
accompanies them back to the heart to cover

- the outer surface of that organ. In this man-
- ner the serous part of the pericardium is a shut

sac, the outer surface of which adheres to the
inmer surface of the fibrous portion, and to the
outer surface of the heart. The inner surface,
like that of all the other serous membranes, is
unadherent, smooth, and shining, and is every-
where in contact with itself, and only contains
the small quantity of fluid which serves to
lubricate its interior. The serous portion of
the pericardium adheres intimately to the inner
surface of the fibrous. At that part, however,
where the serous leaves the fibrous to pass
back upon the surface of the la vessels,
there is a small triangular space left between
them. The serous membrane is reflected upon
and covers the outer surface of the aorta rather
more than two inehes above its origin; upon
the pulmonary artery about the same distance
and immediately before its bifurcation; upon
the cava superior about an inch above its
entrance into the right auricle; upon the cava
inferior shortly before it reaches the heart ; upon
the two right pulmonary veins soon alfter the
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have emerged from the right lung; and u
the left pulmonary veins shortly before li::;
enter the auricle. This serous membrane, in
passing upon the aorta and pulmonary arteries,
covers the anterior surfaces of both before it
passes round upon their posterior ; it then en-
velopes both arteries in the same sheath, so
that their opposed surfaces are only separated
from each other by a little cellular tissue. It
leaves part of the posierior surface of the cavm
and pulmonary veins uncovered, occasionally,
however, enveloping the whole or nearly the
whole, of the left pulmonary veins, It adheres
but loosely to the large bloodvessels, and firmly
to the outer surfice of the auricles and ven-
tricles. The attachment of the fibrous part to
the cordiform tendon is very firm at the edges
and blended with the tendon, but becomes
looser towards the centre. Cloquet® describes |
the serons membrane as lying in contact with
the upper surface of the cordiform tendon; or,
in other words, he appears to consider the
fibrous part not to be prolunged over the upper
surface of the tendon, but to stopat its attached
margin. In most cases I have been able to
trace the fibrous part of the pericardium over
the upper surface of the cordiform tendon, but
almost always more or less diminished in thick-
ness. In some cases [ was unable to detect
anything like a fibrous layer at this part. The
fibrous part of the pericardium is comparatively
thin, and is composed of tendinous fibres
interwoven together. It is pot much larger
than sufficient to contain the heart when its
cavities are distended. This fact taken along
with the physical properties of the membrane,
not admitting of sudden dilatation, explaing
how the sudden escape of a small quantity of
blood (8 oz. or sumetimes less) into the interior
of the pericardium 1s sofficient to arrest the |
heart’s action. 5
The arteries of the pericardium are small and
come from various sources, from the bronchial,
@sophageal, phrenic, from the arteries of the
thymus gland, internal mammary, coronary
arteries, and the aorta itself. Its veins partly
terminate in the azygos, and partly accompany
the corresponding arteries to terminate in the
veins of Lﬁe same name. [ts lymphﬂhﬂp;li:!_i
to the glands placed around the cava superior.
The nerves can,be traced into its texture. ~Hag
Uses of the pericardium.—The pericardium |
restrains within certain limits the irregular |
movements of the heart. The inner serous
surface of the pericardium must also facilita
its ordinary and healthy movements.
Relative position of the vessels within
pericardinm.—The pulmonary artery at its ong
overlaps the anterior surface of the aorta as it
springs from the left ventricle. (See : ‘l'.l,:- P
for the 1elative position of these vessels at theﬁf

.

*® Traité d"Anatomie Descriptive, p. 633, trans-
lated by Knox. Cloguet does not state distinctly
that the fibrous part of the pericardinm is not ey |
tinned over the cordiform tendon, but this may be
inferred from the statement that the serous m
brane * is applied below, directly and in a
close manner upon the aponcuroses
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grigin.) It then proceeds into the concavity of
ithe arch of the aorta, and as it is about to pass
ithrough the fibrous coat of the pericardium, it
ddivides into its two branches, the right and
uleft. The left branch passes in front of the
‘flidescending portion of the arch of the aorta to
preach the left lung; the right branch passes
tbehind the ascending portion of the arch to
wreach the right lung.  In the feetus the pulmo-
flmary artery divides into three branches, the
itwo - we have just mentioned, and a third, the
illdductus arteriosus, which unites the Fulmnnary

sartery to the descending portion of the arch,—
iin other words, after the aorta has given off the
iflllarge branches to the head and superior extre-
amities.  The descending cava, immediately
thefore it perforates the fibrous coat of the peri-
ecardium, crosses the right branches close upon
ithe bifurcation of the trachea; within the peri-
ceardium it lies on the right side of the ascend-
ving portion of the arch of the aorta. The
{Muanferior cava is seen perforating the cordiform
wtendon of the diaphragm, and almost imme-
Wediately afterwards it enters the posterior and
iinferior angle of the right auricle. The pul-
tmonary veins are placed inferior to the two
Ibranches of the pulmonary artery. The two
rright pulmonary veins pass behind the right
|Maauricle to reach the left, which they enter near
tthe septum auriculorum.

Peculiarities of the fatal heart—(For an
flsaccount of the developement of the heart and
tlarge bloodvessels see Ovum.) The heart of
ithe foetus before the fourth month is placed
ivertically, but towards that period the apex
tbeging to turn towards the left side. The
iauricular part of the heart is considerably larger
1in proportion than the ventricular. The relative
ssize of the heart to the body at birth differs
1eonsiderably from that of the fietus at an earlier
I riod of its developement. According to

eckel the relative size of the heart to the
| body about the second or third month of uterine
Ilife is 1 to 50; at birth and for a few years
tafterwards as 1 to 120. The greater size of the
I heart of the feetus seems to depend principally
lupon the greater thickness of the walls of its
i cavities. The great disparity between the thick-
imess of the two sides so very apparent shortl
iafter birth does not exist in the earlier riod:r!
1of uterine life, though also generally sufficient!y
' well-marked in the feetus at the full time. This
115 explained by the circumstance that the two
tsides of the heart at this period have nearly
' equal obstacles to overcome in prnrpeﬂi.ng the
'blood.®* In the earlier stages of its deve-
' lopement the infundibuliform portion of the
i Fight ventricle is less prominent than at a later
“:erind. The left ventricle 1s at first a little

rger than the right; at birth and for a short
' while after they are equal. The two auricles
‘ communicate with each other through the fora-

* In two fretuses, however, which I lately exa-
I mined, and where I had positive evidence that
| they had not yet reached the sixth month of utero-
| gestation, the difference between the thickness of

‘ the two ventricles of the heart was distinct]
! marked. 2
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men ovale® This foramen is at its maximum
size about the sixth month. :

Valve of the foramen ovale.—This valve,
which, however, can scarcely be called a valve,
as it is a provision for effecting the obliteration
of the foramen ovale at the time the child
assumes its independent existence, first makes
its appearance at the lower part of the foramen
about the third month, or, according to Senac
and Portal, about the second month. It is
formed by the inner membranes of the two
sides of the heart, containing some muscular
fibres between them, particularly at its lower
part. It is of a semilupar form; its convex
edge adheres to a greater or less portion of the
margins of the valve as its growth is more or
less advanced; its concave margin, which is
free and loose, looks upwards and forwards.
This valve may be said to belong almost exclu-
sively to the left auricle, as it is attached to
that margin of the foramen.t Though this
valve is of sufficient size at birth to shut the
foramen, yet its concave or upper margin s
easily depressed so as to leave a considerable
interval between it and the upper margin
of the foramen. We will find, from the man-
ner in which the valve is attached to the left
margin of the foramen, that it is much more
easily depressed by a current passing from the

right auricle into the left than in the opposite =

direction. In fact any force of this kind ap-
plied in the opposite direction would rather
tend to keep the valve applied to the upper
edge of the opening; a circumstance which
occurs after birth when the blood flows along
the pulmonary veins into the left auricle, and
which must materially assist in producing com-

lete obliteration of the foramen. The manner
in which the blood passes between the auricles
through the foramen ovale in the fetus was the
subject of a violent controversy in France at
the termination of the seventeenth and the
commencement of the eighteenth centuries. It
was first commenced between Meri on the one
side, who had proposed a new theory of the
feetal eirculation by which the blood was made
to pass from the left auricle into the right, and
by Duverry and Fauvery on the opposite side,
who maintained the opinion of Harvey, and
which is now universally adopted, that it passes
from right to left. Many celebrated anatomists
and mathematicians attached themselves to the

opposite parties, and at last the controversy |

extended itself to the neighbouring kingdoms.f .
Eustachian valve—This valve, the appear- ||

ance and position of which have been already

* This opening is frequently termed trou de Botal ._: _

by the French writers though described by Galen.
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t This explains how the depression ( fossa ovalis), |

marking in the adult the

auricle.

{ Those who may be anxions to acquaint them-
selves mora fully with the nature of this contro-
virsy and to examine the argonments addoced on
both sides may consult the Mémoires de I’ Academie

position of the walve, S
should be better seen from the right than the left |

for that period, and Senac’s Traité de la Strocture |

du Ceeur, tom. i, p. 369, and the Supplement in ::

tom. 1.
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pointed out in deseribing the interior of the
right auricle, is also intunately connected with
the peculiarities of feetal life. It was discovered
by Eustachius about the middle of the six-
teenth century, who contented himself by point-
ing out its position. Little attention was paid
o it until tl]u: commencement of the eighteenth
century, when it was more particularly brought
into notice by Boerhaave and Lancisi, who
published a new edition of the works and
plates of Eustachins, which had then become
very scarce. Lancisi supposed that this valve
prevented the blood of the superior cava from
falling with too much force upon the column
ascending by the cava inferior. Winslow,*
finding it only perfect in the feetal state, and
having cause to believe that its diminution kept
pace with the increase of the valve of the
foramen ovale, was led 1o adopt the Opinion
that its presence had a special reference to that
state, and believed that it not only served to
break the current of the superior cava as stated
by Lanecisi, but also opposed the regurgitation
of the blood of the auricle into the inferior
cava, In the absence of this valve he supposed
there would arise two inconveniences in the
feetus—the imperfect intermixture of the con-
tained blood, and the regurgitation of the blood
of the umbilical vein into the placenta. Senact
believed that the Eustachian valve can have no
effect in preventing the blood of the cava supe-
rior from falling upon the current ascending by
the cava inferior, and that it must direct a part
of the blood of the cava inferior through the
foramen ovale. Sabatier] more Fhrliuuiarlf
pointed out that from the position of this valve
passing from the anterior and left I[mrt of the
vena cava inferior to the left side of the foramen
ovale, and from the situation of the foramen
ovale at the inferior part of the auricle, the
blood of the cava inferior must be directed
through the foramen ovale; and further, from
the difference in the direction of the two cava
themselves—ithe superior looking downwards,
forwards, and to the left side, while the inferior,
though it is also slightly directed to the left,
passes at the same time upwards and back-
wards, when combined witﬁ the upper thick
margin of the foramen ovale—it would neces-
sarily happen that the blood of the superior
cava must fill the right auricle.

In three injections of the fetal cireulation
which I performed, where arrangements were
made to imitate, as far as possibly could be
done, the manner in which the two currents
flow into the heart during the life of the fietus,
results were obtained confirmatory of the opi-
nion of Sabatier.§ This arrangement cannot
of course exist in the early months of uterine

* Mémoires de I’Acad. Roy., année 1717.

t Op. cit. tom. i.tr. .

Traité complet d'Anatomie, tom. ii. p, 224,

% Edinburgh Medical and Surgical Journal, 1835,
These injections are also confirmatory of one made
by Kilian, where the fluid thrown along the aorta
passed to the head and superior extremities, and
that along the pulmonary artery 1o the lower part

of the body.
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life from the imperfect developement of the
heart itself, and in all probability part only of
the blood of the inferior cava is transmitted
through the foramen ovale into the left side of
the heart for a short time before birth. The
pulmonary veins appear to bring very little
blood to the left side of the heart until the time
approaches that the fetus must necessarily
assume an independent existence. The circu-
latory apparatus becomes gradually prepared
for this ehange;—the Eustachian valve begins
to shrink, the foramen ovale to diminish in size,
and a greater quantity of blood is transmitted
through the lungs. "Billard® has ascertained
from the examination of the bodies of a great
number of infants who died within a few days
after birth, that the foramen ovale and the other
circulatory passages peculiar to the fietus are
generally shut about the eighth day after birth.
In nineteen infants who had lived only one
day the foramen ovale was completely open in
fourteen ; in two it had commenced 1o become
obliterated, in the remaining two it was com-
pletely shut. On the subsequent days the
number of those with the foramen shut con-
tinued to increase; and in twenty examined,
who had died on the eighth day, five only had
the foramen open.
PuysioLocy oF THE nEaRT,

Mode of action of the valves of the heart.—
While the blood is rushing through the auri-
culo-ventricular openings during the contrac-
tion of the auricles, the lips of the mitral and
tricuspid valves are separated from each other
and thrown outwards from the axis of the
opening, and the larger lip of both is at this
time carried towards the arterial orifices. Tt
has generally been supposed that the mitral and
tricuspid valves are, during the systole of the
ventricles, passively floated up towards, and
obstruct the auriculo-ventricular orifices so as
to prevent the free regurgitation of the blood
into the auricles; and that the use of the corde
tendinex is merely to limit the movements of
the valves,—to permit them to be raised suffi-
ciently to close the orifices, but at the same
time to provide against the otherwise unavoid-
ably fatal consequences that would result from
these unresisting valves being carried through
into the auricles by the current of blood. Mayo,
Bouillaud, and others have, however, main-
tained that the lips of these valves are not ‘-
approximated 1n the mechanical manner just
stated, but by the contraction of the musculi
papillares of which the corde tendinew are the
proper tendons. As the musculi papillares
contract along with the other fibres of the ven-
tricles, the lips of the valves are drawn towards -
the axis of the opening, and are closely applied
to each other, forming a kind of cone, the apex
of which projects downwards into the ven-
tricles. It is from the adoption of these views
that Bouillaud proposes to call these musculi
papillares, the tensor, elevator, or adductor
muscles of the valves. That the lips of the

(]
* Traité des Maladies des Enfans mvm:-nﬁ
&e., p. 557, 1828,
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rlves are approximated in this manner appears
1o me to be the much more probable opimon;
for when we examine the umform position and
wourse of the musculi papillares and chorde
stendines, more particularly those of the left
ventricle; that the chorde tendinem pass from
eeach musculus papillaris to both lips of the
ymitral valve, occasionally crossimg each other;
sand that the posterior or smaller lip, though
jit may be drawn inwards so as to meet the
Marger and more moveable, is so bound down
was to be scarcely capable in most cases of being
ffloated up on a level with the orifice ; and
ffurther, when we also remember that the mus-
ceuli papillares contract at the same time with
ithe other fibres of the heart, we can scarcely
rresist coming to this conclusion. Besides, if
tthe lips of the valves were floated up to the
corifice, a greater quantity of blood would regur-
sgitate into the auricles during the systole of the
wventricle than in all likelihood takes place;
ffor as the lips of the valve must be widely

{sseparated from each other when the systole

(commences, it is evident that a less quantity
tof blood must have passed through the onfice
I before the lips are sufficiently approximated to
tobstruct its further passage when these are
sassisted by an active force, than when they are
imerely passively brought together by the cur-
irent of blood passing in that direction, It has,
lhowever, been supposed that the musculi
| papillares do not contract with the other fibres
of the ventricles. Haller states® that on laymmg
topen the heart he has seen the muscles of the
1 valves contract during the systole of the heart.

"It may be objected to this experiment that the
1unusual stmulus applied to the heart in cutting
i1ts fibres across may have deranged the usual
rorder of its contractions. 1 have repeatedly
1opened the heart in rabbits and waited until its
i contractions had ceased, and on renewing its
I movements by irmitating the inner surface at a
i distance from the cut edges, 1 have observed
I that the column® carner acted simu'ltnnﬂﬂusl{
*with the other muscular fibres of the heart.4
‘was also satisfied that the musenli papillares
twere proportionally more shortened during their
« eontraction than the heart itself taken as a
‘whole, which is nothing more than what we
*would expect when we remember that the fibres
« of the muscali papillares are so far free and
i run longitudinally, while by far the greater part
+ of the other fibres run in a spiral manner.

Haller, in relating his observations on the
s contraction of the musculi papillares, makes
1 another statement, which, however, isdecidedly
- adverse to this opinion.  The chord® tendines
i appeared to him to be relaxed during the con-
! traction of the musculi papillares.

It is difficult to make satisfactory observa-
' tions upon the effects of the contractions of the

. 300, Bur le

* Elementa Physiolog. tom. i.
cmoires sur la

Mouvement dn sang, p. 120,
HMature sensible, tom, i. p. 379.

f |The observations of the Tiomdon Committee
appointed by the British Association to examine
into the motions and sounds of the heart confirmed
this view of the simultaneity of contraction of the
L and ventricular fibres,— KD,
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musculi papillares upon the tension of the
chorde tendinem. In several animals upon
which we attempted to ascertain this, it was
only when the heart was acting languidly that
we could observe what was likely to be the
effect of the contraction of the musculi papil-
lares on the chorde tendimex when they were
placed as far as possible in their natural reli-
tion to each other. We could never observe
that they contracted sufficiently to move the
valves, but they certainly rendered some of the
chorda tendine® more tense.  When, however,
we take into account, that in an experiment of
this kind, the valves are not thrown out widely
from the orifices of the auriculo-ventricular
orifices, the ventricle is not distended with
blood, the chord® tendinex consequently mot
put so far on the stretch as occurs at the com-
mencement of the systole, and that the con-
tractions of the musculi papillares are languid,
we can easily perceive how, in the natural
systole of the heart, these contractions of the
musculi papillares should be sufficient to move
the valves inwards, though not to suchan extent
as to apply them closely to each other. The con-
traction of these muscull papillares apparently
sets the valves in motion, and they are subse-
quently applied to each other by the currents
of blood. It may be supposed that if the con-
traction of these muscul papillares can render
the chord® tendinex sufficiently tense to move
the valves, this would prevent the subsequent
elevation of them to obstruct the aurnculo-
ventricular opening. We believe, however,
that it is only at the commencement of the
Sﬁsmle that they are sufficiently tense to move
the valves, for as the contraction proceeds the
capacity of the heart is so much diminished,
both in its transverse and longitudinal dimen-
sions, that they become relaxed. DBesides, if
we could suppose that these museuli papillares
are capable of contracting through a sufficient
space to draw the valves together, this would
be all that is necessary to prevent the regurgita-
tion of the blood through the auriculo-ventri-
cular opening.*®

So convinced, indeed, were the older anato-
mists and physiologists that the chorda: tendine
are relaxed during the systole of the heart, and
of the necessity of an accompanying diminution
of the length of the ventricles themselves to
effect this, that this argumentadduced by Bassuel
appears to have been principally mstrumental
in deciding the once keenly controverted ques-
tion whether or not the heart was elongated
during its contraction.}

® All these expernments upon the action of the
column® carnew were finished and the article
{g&wﬁarﬂ&ﬂ to London about the middle of June,
t Mr. T. W. King in an claborate essay (Guy's
Hospital Reports, No, iv. April 1837, has pointed
out what he conceives Lo be a ** safety-valve fune-
tion in the right ventricle of the human heart.™
This view is fonnded upon the fact which he be-
lieves that he has ascertained, ** that the tricuspid
valve, naturally weak and imperfect, closes less
and less accurately, according to the increasing
degrees of the ventricular distention.” From this
he is # convinced that, in all cases in which the
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It may be supposed that the relative size of
the aunculo-ventricular orifices to the length of
the lips of the valves would not admit of their
apices being brought together in the form of a
cone as described, but 1t must be remembered
that from the course of the muscular fibres in
the immediate neighbourhood of those open-
ings, their areas must be diminished during
the systole of the heart. There is at least one
thing certain connected with the action of these
valves, viz. that the contraction of the musculi
papillares can never cause the valves to strike
the inner surface of the ventricle and produce
a sound as has been supposed.

The manner in which the semilunar valves
at the origin of the aorta and pulmonary artery
perform their office i1s entirely mechanical and
easily understood. During the systole of the
heart they are thrown outwards from the axes
of these vessels; but during its diastole, when
1Emr'L of the blood driven into the artery would
all back into the ventricles, these valves are
thrown inwards and obstruct completely the
whole calibre of the arteries. In all robability
the sinuses of Valsalva placed behind these
valves contain a certain quantity of blood even
during the systole of the heart, and this re-
acting upon the valves through the agency of
the elasticity of the arteries brought into opera-
tion at the termination of the systole, materially
assists in producing the more rapid and certain
action of the valves,

Movements of' the heart.—The heart is a

muscle of involuntary motion, being, for the
wisest of purposes, placed beyond the direct
control utP volition. The case of Colonel
Townshend* s of too obscure a nature to
entitle us to found upon it an opposite doc-
trine, more particularly as it is at direct variance
with every other fact or observation.
_ The movements of the heart, when the body
13 at rest or 1o a state of health, proceed with-
out our consciousness. In certain cases of
disease they are attended by uneasy feelings,
but they are never at any time or under any
circumstances dependent upon sensation for
their continuance.

It is not so easy a matter as may at first be
imagined to ascerlain the order of succession
in which the different cavities of the heart con-
tract and dilate, and the different circum-
stances which attend these movements, even
by ex;l)erimlants on, living animals, more par-
ticularly the warm-blooded animals; for if the
heart when exposed is acting vigorously and
rapidly, every one who has examined for him-
self must have felt the exceeding difficulty of
following and analysing these movements by

right ventricle is, in any material degree, tempo-
rarily distended or permanently dilated, the heart
and lungs are relieved by a considerable reflux of
the ventricle’s contents into the auricle and sys-
temic veins,” In experiments upon the lower
animals [ have repeatedly seen the right ventricle,
when gorged with blond and acting feebly, empty
itself through an opening in the jugular vein.
Edinb. Med, and Surg. Journ. :

* Cheyne’s English Malady, p. 307, 1734,
London.
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the eye. If, on the other hand, the animal
has become debilitated and the movements of
the heart languid, these are apt Lo deviate from
their natural order, and 1o be performed in an
irregular and unnatural manner,* It is in this
way that we can account not only for the dis-
Crepant statements of the older observers, but
also for the very frequent announcement of
new views on this subject which appear in the
medical periodicals of our own day. Aswe
will find that many of these theories connected
with the physiological actions of the heart even
in the present day, have been founded upon
false notions of the normal anatomy and na-
tural movements of the organ, and only require
a reference to these for their full and satis-
factory refutation, it will be necessary that we
altend particularly to the manner in which
these different contractions and relaxations sue-
ceed each other, and the wisible phenomena
by which they are accompanied, as observed
by the most accurate experimenters.

When the heart of a living animal is ex-
posed and the organ is acting in a natural
manner, the auricles are observed to become
distended with blood, then to contract rapidly
and simultaneously, and propel part of it into
the ventricles; this is accompanied with a
corresponding  enlargement of ihe ventricles,
which is immediately followed by their simul-
taneous contraction and the propulsion of their
blood along the laige arteries: then follows a
pause, during which the auricles become gra-
dually distended by the blood flowing along
the veins. When the auricles are filled, they
again contract, and the same train of pheno-
mena just described oceur in uniform succes-
sion.

Systole and diastole of the auricles.— The
contraction or systole of the auricles is pre-
ceded by their relaxation or diastole. Durin
the diastole the auricles become distended wi
the blood flowing along the veins. The com-
mencement of the diastole occurs during the
contraction of the ventricles; the latter
corresponds to the pause in the heart’s action,
and to the interval between the recuwrrence of
the sounds of the heart, and is more o less
long in proportion as the blood flows more or
less rapidly along the veins. .

The systole of the auricles is performed with
great rapidity when the action of the heart is
still vigorous, and appears to be effected by
the simultaneous contraction of all its fibres.
The terminations of the cave and pulmonary
velns are seen to contract simultaneounsly with
the fibres of the auricles, but sometimes th
are seen to contract previous to the auricles,
into which they expel their blood. In the ml&;_!
blooded animals this contraction of the ter-
minations of the large veins extends over &
greater surface, and 1s visible in the venm he-

*® The illustrious Harvey thus describes the dif-
ficulties which he experienced in his first attempts
to analyse the movements of the heart: ** ita ut
modo hinc systolem, illine diastolem, modo e con-
tra, modo varios, modo confusos fieri motus me
existimarem cernere.™




fice.® Judging from the number of mus-
i eular fibres which surround the termination of
Wlithe pulmonary veins in the human species,
&hwe would expect these contractions to occur to
§ha greater extent in these veins thun in the cave.
tfiThese contractions in the veins must assist the
Whwis d tergo, or the force with which the column
#lof blood flows along the veins towards the
&fiheart, in limiting the regurgitation along these
tfdduring the contraction of the auricles. This
i lrregurgitation along the veins appears to be to
sa small extent only when the circulation 13 pro-
ceeeding in a natural manner, but becomes con-
ssiderable where there is any impediment to the
ifree passage of the blood into the ventricles,
{sand when the blood becomes stagnated in the
{wveins. When the actions of the heart are en-
ifeebled, the contractions of the auricles are
sslower, and may become more or less vermi-
ceular, as [ have myself occasionally observed.
1Two or more contractions of the auricle may
salso now be necessary before the languid ven-
ttricle can be excited to contraction, When
ithe action of the heart is still more enfeebled,
jparticular portions only of the auricles con-
itinue to contract. According to the obser-
wvations of Harvey, Lower, Senac, Haller, and
tothers, the contractions of the auricles are per-
fformed with considerable force.

Harvey states that he has observed that if the
iHinger is applied to the ventricles in those cases
swhere the action of the auricles continues after
tthe contractions of the ventricles have ceased,
ia distinct beat is felt in the ventricle at each
istroke of the auricle; and Senae, in quoting
{tthis, adds (evidently from his own observation)
tthat it is similar to the pulse in the arteries.
i Senac also states that if an opening be made
¢{iinto the apex of the heart under those circum-
ifsstances, a jet of blood rushes through it at
gfteach stroke of the auricle. He, however,
ifiadmits that the contraction of the auricles in
ll1 these cases is not sufficient to dilate sensibly
¢ll1 the walls of the ventricles, but, of course, very
iflt considerable allowance ought to be made for
(f| 1 the enfeebled state of the auricles at this stage
{llof the experiment.t In the experiments of
ifl ! Dr. Hope, Mr. Carlisle, M. Bouillaud, and
iflithe Dublin Committee for investigating the

tecause of the sounds of the heart, the contrac-
il 1 tion of the auricles appeared to be compara-
ifl! tively trifling, and was most apparent in the
iflli appendices. From my own observations upon
1 rbbits and dogs I am convinced that the au-
ifliricles contract considerably more when the

i movements of the heart are proceeding in a

i natural manner, than some of these last ex

i riments would lead us to believe, and that this
M1 eontraction is not confined to the appendix,
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- * The contractions of the different pans of the
{§l! heart in cold-blooded animals have been observed
| to oecar in the following order: first, the termin-
| ation of the large wveins, then the auricles, then
i the ventricles, and, lastly, the bulb of the aorta,

~t 1 have comvinced myself of the accuracy of
| these statements of Harvey and Senac in expe-
! riments apon dogs opened soon afier they had been
i deprived of sensation.
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but extends over the whole auricle. When
the cireulation through the lungs becomes im-
peded, the right ventricle is then unable to
empty itself, and the auricle of the same side
(and "this is the one that is most generally ob-
served in such experiments) is consequently
impeded in its movements. The auricles do
not certainly exert the force or contract to the
extent which some have stated, do not ex-
1 the whole of their contents, and their
diastole is comparatively feeble; but that none
of the muscular fibres of the auricles are pas-
sive, but exert a force proportionate to their
strength, we have evidence both from expe-
riment and the effects of disease. In some
of those cases where an impediment to the
passage of the blood from the auricle to the
ventricle exists, all the muscular fibres of the
auricles become much increased in thickness
and in strength. As the left auricle has natu-
rally greater difficulties to overcome mn pro-
pelling its blood than the right, so we find that
the left auricle is considerably more muscular
than the right.* The appendix from its h-le-in%
loose, and supplied by a band of longitudina
fibres drawing 1t backwards, must enjoy a freer
motion than the other parts of the auricle.
Systole and diastole of the ventricles—
When the heart is acting vigorously, the eon-
traction of the ventricles succeeds immediately
upon that ef the auricles, so that they some-
times appear continuous; or, in other words,
the sudden distention of the ventricles by the
blood propelled into them during the systole
of the auncles is rapidly followed by the con-
traction of the ventricles. The systole of the
ventricles must occur during the diastole of the
auricles. As we are only sensible of the sys-
tole of the ventricles from external examination
during life, the expression systole of" the heart
is always employed as synonymous with the
systole of the ventricles. When the action of
the heart is a little less active, an apparent in-
terval is observable between the completion of
the contraction of the auricles and the com-
mencement of the contraction of the ventricles,
—the irritability of the ventricles being at this
time somewhat impaired, their contraction does
not so quickly follow their sudden distention.
The ventricles during their systole are dimi-
nished in all their dimensions; the apex is
drawn upwards to the base and tilted forwards
s0 a8 to strike the parietes of the thorax be-
tween the cartilages of the fifth and sixth ribs.4

*® In the case mentioned by Allan Burns, where
an ossific deposit covered the whole surface of the
ventricles, so as to entiraly, or nearly entirely, pre-
vent their action, the auricles must have per-
formed part of their functions for some time before
death, In one of the experiments of Dr. Wil-
liams, of London, upon asses, he observed the
circulation along the arteries contimuwe although
the ventricles were quiescent, and the auricles
alone contracted,

t  Dr. C.J. B, Williams has, in a lectare latel
published in the Medical Gazette (July 26, 1836,
p. G82,) pointed out that, during a deep inspira-

tion, the ribs are elevated without raising the heart
in the same degree, and the impulse may be felt
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The parietes of the ventricles at this time are
firm and resisting, and present some ruge on
their outer surface. Haller® states that though
the principal movement of the ventricles du-
ring their systole is from the apex upwards,
yet he has sometimes observed a slight but dis-
tinct movement from the base downwards. The
contraction of the ventricles is performed with
great force, and, when vigorous, appears to be
accomplished by the simultaneous action of all
its fibres; but at other times, when it has be-
come enfeebled, it has been observed to com-
mence at the apex and extend itself upwards.
The diastole of the ventricles consists of two
distinct stages. The first, which immediately
follows its systole, is sudden, the apex being
pushed downwards and apparently passing
deeper into the chest, and is occasioned by the
return of the heart to its state of rest. The
second 15 also sudden, and attended by a rapid
but not very extensive enlargement of the heart
in all its dimensions. The parietes of the
heart are soft and flaceid, and their external
surface smooth during their diastole.  The
diastole of the heart 15 performed with con-
siderable force, so that Pechlin, Perrault, Ham-
berger, and others long ago maintained that
this equally with the systole is the result of a
vital action. This opimon was again revived
by Bichat, Dumas, and their followers, and is
still introduced by some into the discussions
upon the movements of the heart.  Before
we can admit an opinion of this kind, it
would be necessary that very strong evidence
be adduced in its favour, as it is at perfect
variance with all that we know of the arrange-
ment of the fibres of the heart, and of the
laws of muscular contractility
Oesterreicher] has performed the following
experiment, which appears nearly decisive on
this point. When a body is placed on the
heart of a frog heavy enough to press it flat,
but sufficiently small to allow the heart to be
observed, it will be seen that the body will be
lifted during the contraction of the heart, but
that during its extension it will remain flat.
From this it appears that the extension of the
heart after the contraction is not a muscular
act. The diastole of the heart depends then
upon two circumstances.  1st, Upon the na-
tural elastieity of the organ, which it possesses
in common with every other musele, and by

which it instantly resumes its state of rest as

s00n as its contraction has ceased. This, which
is usually termed the relaxation of a muscle in
whatever part of the body it oceurs, must be
expected to be more energetic in the heart than

below the sixth rib. On the other hand, when the
ribs are depressed, as during a deep expiration,
the apex of the heart may be felt beating between
the fourth and fifth ribs.”

* El. Phys. tom. i. p. 400,

+ Scharschmid supposed that certain pretended
longitudinal fibres by shortening the heart enlarged
its cavities, while t]l{e transverse fibres by contract-

ing separately diminish its capacity.
+ Miiller's Handbuch der Physiologic des men-
schen, Erster Band, p. 163.
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mn the muscles of voluntary motion, as fro
the arrangement of its fibres a great part mus
be more strongly compressed.  This occurs
during the first of the two stages into whick
we divided the diastole, 2d, Upon its sudden
distention during the contraction of the auriclesll
when we have every reason 1o believe that the
ventricles are completely passive. This con
stitutes the second stage of the diastole. Thel
blood must then pass from the auricles into
the ventricles during each diastole at two dis
tinct periods of time, corresponding 1o thesefl
two stages. During the first stage, or the re
laxation of the ventricles, it flows from the
auricles to fill up the vacuum produced in their
Interior; while, during the second stage, it isf§}
forcibly propelled by the auricles. [t would
be difficult to estimate the relative proportion§
of these two quantities of blood. Those who
suppose that the contraction of the auricles is
feeble must consequently believe that most of
the blood passes from the auricles into the ven-4§
tricles during the first stage.

It has been long disputed whether or not thef
ventricles empty themselves completely during §
each systole. It is very difficult to perceive §
anything like correct data upon this point in
the warm-blooded animals with opaque hearts;
but reasoning from analogy, from what we see
in the cold-blooded animals whose hearts be-
come quite pale during each sysiole, (not, as§
Harvey supposed, from the blood being pressed
out of its parietes, but from the blood in its §
cavity, seen through its transparent sides, being
almost entirely expelled during its systole,)
we would be inclined to believe that Lirtle
blood remained afier each systole in the active
state of the organ, while we can easily sup-
pose that a greater or less quantity is lefi after
each contraction when the organ is less wvi-
gorous. ]

It was the subject of a violent dispute at the
commencement of the last century between the
Montpellier and Parmsian anatomists and phy-
siologists, whether or not the heart became
shortened or elongated during its contraction,
In all the warm-blooded animals at least it §
undoubtedly becomes shortened.® We may at
the same time state that the obliteration of the
cavity of the ventricle depends much more upon
the approximation of its sides than the drawing §
up of the apex. N |

Impulse of the heart.—It has been atvarious §
times, and still is by some late and modern §
experimenters,} maintained that the apex of §
the heart strikes the parietes of the thorax during

* The auathority of Harvey has been quoted in
favour of the opinion that the heart becomes elon-
gated during its contraction, and certainly in one
part of his work it is distinctly stated, that it is s0
to a certain exient @ ** Undr ue contrahi magis
vero scoundum latera ill.a u:? Minores mag
dinis et isewlum, et collectum appareat.”

1 Fig:c:fu, Stokes, Burdach, .id Beau. Dre
Corrigan has, much to his credit, publicly re=
nounced his previously published opinions on -'"1
question, after more accurate observations had con=
vinced him of his error,
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its diastole, and not during its systole. This
is in reality what we would a priori expect,
it certamly does at first appear somewhat
radoxical that the heart should strike the

; pparictes of the chest when the apex is ap-

pproximated to the base. The concurrent tes-
itimony of the most accurate observers has,
thowever, fully established the correctness of
ythe fact. Harvey observed it in the human
tbody when the heart hud been exposed from
ithe effects of disease.® Une of the principal
sarguments adduced in support of this opinion
Iby these authors was drawn from the fact that
ithe pulse at the wnst is not synchronous with
ythe impulse aguinst the chest, an opinion
wwhich ﬁ.nd been pretty generally maintained
ssince the time of Aristotle. It is difficult to
Ibe convinced of this when the pulse is quick ;
Ibut when it 15 slow, and in certain cases of
tdisease of the heart, it can generally be satis-
ifactorily uscertained. So far then they are right,
1hut in the next and most important step of the
cargument they fall into a decided enor; for
ithey proceed upon the supposition that the
pulse is synchronous in all the arteries of the
]_‘ y at the same time, and consequently the
iimpulse of the heart at the chest cannot be
ssynchronous with the flow of blood along the
(arteries, or, in other words, with the systole
rof the heart. In opposition to this opinion,
Dr. Youngt had previously shown upon the
| principles of bydraulics that the pulse along
I the arteries must be progressive, yet in general
180 rapid as to appear to arive at the extremities
vof the body without the intervention of any
“perceptible interval of time. And when the
rattention of medical men was turned to this
i subject, various observers soon ascerlained by
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‘repeated experiments that the pulse could
“be felt in favourable cases to pass along the
(arteries in a progressive manner, — that the
pulse in the large arteries at the root of the
neck and impulse at the chest are synchronous
or nearly so, that buth precede that at the wrist,
and more distinetly still that of the dorsal
artery of the foot.f

Various attempts have been made to explain

* # Bimul cordis ipsins motum observavimus,
“mempe illud in diastole introrsnm  subduci et
~zetrahi; in systole vero emergere denno et protrudi
fierique in corde systolem quo tempore diastole in
garpo percipiebatar : atque proprinm cordis motum
et functionem esse systolem : denigue cor tunc
l'ﬁcmug fierique et prominulem esse cum erigitur
- sursum.”’  As quoted by Shebeare, Pract. of Phy-
 mic, vol.i. p. 195.
¥ t Phil. Trans. 1809.

- § It is imeresting and curions, as shewing the
revaolution of opinions, to compare the siriet simi-
Jurity of the arguments adduced by the modern
npgﬂ:lﬂu of this doctrine with those maintained
hebeare in 1755. (Practice of Physic, vol. i.

. 193.%  “ This, however plausible it may ap-

ar, cannot be the true cause of it (impulse of

heart), because then this siroke must be during
the systole of the veniricles, which would be syn-
ronous with the diastole of the arteries; whrreas
the beating of the heart precedes the dilatation of
the arteries, and thence this stroke muse be made
wring the diastole of the ventricles: thus the
diastole or distention of the heart is the cause of
the beating against the ribs.”

in what manner the apex of the heart is made
to impinge against the parietes of the chest by
those who maintain that it occurs during the
systole of the ventricles. Senac supposed that
this was principally effected by the curvature
of the two large arteries, but prineipally of the
aorta, which arise from the ventricles; for at
ench stroke of the ventricles when an addi-
tional quantity of blood is driven into the large
arteries, as they are curved they make an at-
tempt to straighten themselves; and as this
takes place to a slight extent, the heart, which
is attached to their extremities, ought to be
displaced, and its apex, which describes the
arc of a circle greater than the other parts of
the heart, is thus made to impinge against the
walls of the chest. He also believed that the
distention of the left auricle with blood during
its diastole has also, from its position between
the spine and base of the heart, the effect of
pushing the heart forwards; and this oceurring
at the same time with the attempt which the
curved arteries make to straighten themselves,
it thus acts as a second or subsidiary cause in
tilting the heart forwards.® Though this sup-
posed effect of the curvature of the large
arteries has been a favourite explanation with
many of the impulse of the heart aganst the
chest, yetit really appears to have little, if any,
influence in produeing this. ~Shebeare, and,
more lately, Dr. Corrigan,f have shown that
the direction of the curvature of the large ar-
teries is such, that if any effect of this kind is
produced, the heart would not be carried to
the left side, but in the direction of the curve,
which is exactly in the opposite direction.
Besides the tiltimg forwards of the heart has
been observed though no blood was passing
along the large vessels at the time, and the |
same thing takes place after the large vessels
have been cut through and the heart removed
from the body.§ Haller and others have sup-
Egsed that the secondary cause assigned by
nac,—viz. the sudden distention with blood
of the left sinus venosus which lies impacted
between the spine and left ventricle,—is the
Llrincipal if not the sole cause by which the
eart is pushed forwards against the ribs. In
confirmation of this opinion Haller states ||
that if we inflate the lelt auricle after having
opened the chest, we see the point of the heart
approach with vivacity the region of the mam- |
ma. As we cannot, however, under these cir-
cumstances distend the auricle without also |
distending the corresponding ventricle, this
movement of the heart depends more upon the
sudden inflation of the ventricle than upon any

® Op.cit. tom, i. p.356. The canse of the tilt-
ing motion of the heart wag also, at a later period,
attribnted to the curvature of the aorta and to this |
exclusively by Dr. W, Hunter. Note in John Hun- |
ter's Treatise on Inflammation, p. 146, 1794,

+ Op. cit. p. 1956,

t Dublin h?{-.d. Trans. vol. i. p. 154,

§ Dr. Carson (Inquiry into the Causes of the

Motion of the Blood, p. 183,) maintains that no [y
proof can be adduced that the eurvature of the |
aorta is rendered more straight during the systole |
of the heart.

|| Sur le Monvement du Sang, p. 124,
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distention of the auricle, as any one may easily
satisly himself by repeating the experiment.
Besides, the distention of the aurieles by the
blood flowing along the veins is o eradual for
this sudden and rapid impulse of the heart ;
niay more,—the impulse may be observed when
no blood is flowing into the auricles.  Sabatier®
believed that this impulse depends upon two
eauses,—1st, principally ullmn the distention of
the auricles, more particularly the lefi; and,
2dly, upan the curvature of the large arteries,
A'Japarent!}r, however, perceiving the necessity
of there being a sudden distention of the aun-
cles to produce this, he supposed that this was
efiected by the auriculo-ventricular valves. He
argued that, as these valves during the diastole
of the heart form a cone stretching from the
base towards the point of the ventricle, which
18 full of blood when the systole commences,
when the valves are carried upwards to ob-
struct the auriculo - ventricular orifices, this
blood is pushed before them into the auricles,
producing a reflux into the auricles, which,
with the blood flowing along the cavee and pul-
monary veins, causes a sudden distention of the
auricles, which pushes the ventricle forwards.+
Meckel appears to have adopted the opinions
of Sabatier. We need not repeat our ohjec-
tions to this explanation, r. Alison, per-
ceiving the insufticiency of all these explana-
tions, has for a considerable time past sug-
gested in his lectures, that this might be ex-
plained by the arrangement of the fibres,
¢ more particularly by the irregular cone which
they form, being fluitened posteriorly, and by
the consequent greater mass of fibres on the
anterior surface.” More lately Mr. Carlisle
has also attempted to axf}:lain this by the greater
length of the anterior fibres of the heart than
of the posterior. As the shape of the ventricles
is an oblique cone, and as they have their long-
est sides in front, he argues,  that it is a
law of muscular contraction that fibres are
shortened during their contraction in proportion
to their length when relaxed. For instance, if
a fibre one inch long lose by contraction one-
fourth of its length, or one quarter of an inch, a
fibre two inches in length will lose one inch by
contractions of equal intensity. The apex then
does not approach the base in the line of the
axis of the ventricles, but is drawn more to the
side of the longer fibres, that is, towards the
front, thus producing the tilting forwards.”
We believe tI:ar. 1t may be proved on mechani-
m:'grinci les, that though the anterior and left
surfaces of the ventricles are considerably longer
than those on the posterior and right, yet duning
their contraction, when they are drawn towards
their fixed attachments, if the fibres are of
equal thickness, the apex will be drawn us
nearly in the diagonal of the two forces, an

that if any tilting upwards of the apex take
place, this will be only to a small extent, and

* Traité complet d"Anatomie, tom. ii. p. 230,

t Dr. Bostock has failed of his usual accuracy
in detailing the opinion of Sabatier on this ques-
tiom.

1 Transactions of British Scientific Almciaﬂqn,
vol. ili. Dublin Journal of Medical Science, vol, iv.

be quite insufficient to account for the im
felt at the chest. We must therefore look 1o
some other circumstances besides a mere diffe-
rence in length of the two surfaces to account
for this. Mr. Alderson® has ingeniously at-
tempted to apply the law of action and reaction
between bodies,—one of considerable Import-
ance in mechanical philosophy, and upon whiech
Barker's centrifugal mill has been constructed,
Unfortunately, however, for this explanation, §
the axes of the large arteries and the direction
in which the apex is tilted do not by any means
accord.  Dr. Hope's supposition that “ the re-
tropulsion of the auricular valves” may assist
in producing this impulse, % as these act on ad
column of blood which offers a greater resist-
ance than the weight of the heart, the action is
reflected on the organ itself and impels it for-
wards,"” is, on the other hand, completely op-
posed to the law that action and reaction are
the same.  As well may a man attempt to

pel a boat by standing in the stern, and’ push
with an oar against the prow.  Dr. Filhos attri-
buted the impulse to the spiral turns of the
fibres at the apex of the heart attempting to
straighten themselves during their contraction,
and so raise themselves suddenly and throw
themselves forwards. The objections to this
explavation are so palpable that they must
occur to every one. Since the tilting of the
apex of the heart forwards is observed after the
blood has ceased to flow through its cavities, it
i5 obvious that we must look for the cause of
this in the arrangement of the muscular fibres
themselves, though it may be difficult to point
out that particular arrangement, Tt aI]]:vpears to
me that the distribution of some of the strong
bands of fibres, the course of which I have
already described when treating of the museu- §
lar tissue of the heart, may satisfactorily account
forit. We there pointed out that several slmtg ‘
bands of fibres arise from the base of the septum
between the ventricles, pass downwards and
form part of the septum, then emerge from the
anterior longitudinal groove (fig78, d), and
wind round in a spiral manner to form both the
anterior and posterior part of the lower portion
of the heart. On entering the apices of the
ventricles, (principally the left,) the fibres are
scattered over their inner surfaces, and :whﬂe a
great number of them go directly to be inserted §
into the tendinous rings, others form part of the
columnz carnez. We have thus strong bands
of fibres attached by one extremity (their septal
extremity) to the base of the ventricles ata
point pretty far posterior, while at the other ea-
tremity many of the fibres are loose, or at least !
only attached to the tendinous rings through
the media of the chorde tendinea and ?a.lrés‘, !
which must admit of a certain degree of con-
traction of these fibres before they become tense.
At each systole of the heart when these fibres
act, it is evident that the tendinous rings must
form the fixed points towards which all these
fibres contract; and since they are by one ex-
tremity all closely and directly connected to @

'ﬁulﬂgﬂ; Journal of Science, &ec, vol. xviii
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ifixed attachment, via. the tendinous rings, while
Lhy their other extrenfity part only are directly
sattached to the tendinous rings, the other part
| being loose, or at least only connected to the
itendinous rings through the lax chorde tendi-
ynewe and valves, it must follow that the force
wwith which the contraction takes place towards
ithe septal extremity must preponderate over
ithe other. 1f these bands of fibres had been as
ielosely connected to the tendinous rings at the
(one extremity as at the other, then the force of
| the contraction towards both would have been
tequal ; but since this is not the case, the apex
nnust be carried forwards at the same time that
1t is drawn upwards towards the base. This
| forward motion may also probably be assisted
Iby another arrangement of the same fibres
‘which we have been describing; for some of
ithese muscular bands are attached by their
|inner extr mity to the anterior part of the left
tauriculo-tendinous ring, so as to form loops, the
; greater part of whieh lie more in front than be-
| hind the axis of the heart, and may have a ten-
v dency, when in a state of contraction, to draw
the apex forwards and upwards. Now when
we remember that by this elevation of the apex
forwards, the heart, before placed obliquely,
now hecomes more horizontal, and conse-
quently more approximated to the walls of the
chest,—the more rticularly as the transverse
diameter of the chest diminishes rapidly as we
proceed from below upwards, we believe that
we have here sufficient to account for this im-
pulse against the chest. As the proximity of
the apex of the heart to the chest is affected by
the position of the body, as we have already
pointed out, this circumstance ought to be at-
tended to in judging of the strength of the im-
pulse of the heart.

What parts of the heart most irritable—The
inner surface of the heart is considerably more
irritable than the outer. In experiments, when
the heart has become quiescent, and refuses to
obey a stimulus applied to the outer surface, it
frequently contracts readily for a short time
after this when air is introduced into its cavi-
ties, or when any other stimulant is applied to
its inner surface. After death the different
cavities of the heart generally lose their contrac-
tility in the following order, the left ventricle,
the right ventricle, the left auricle, and last of
all the right auricle.® And as the heart is gene-
rally the part of the hody which shews the latest
evidences of contractility, the right auricle has
long received the name of wltimum moriens.
Haller supposed that the greater persistence of
contractility in the right side of the heart over
the left might depend on the circumstance that
the right side of the heart generally contains a
greater or less quantity of blood after death,
While the left side is generally empty. In this

— e e e s i mwr g M Ew e a—  ter  mwm @ W

* There is occasiomally considerable variety ob-
Berved in the order in which the different cavities
lose their contractility after death. The left ven-
tricle has been seen to contract after the right anri-
tle; and Haller has observed in experiments upon
gats the irritability of the left suricle first cease.
In esperiments apon dogs I have seen the ventri-
¢les contract after the auricles had ceased to do so.

manner the inner surface of the right side of the
heart is subject afier death to the presence of a
stimulant from which the left side 15 compara-
tively free. He put this Fpinii'ﬂlll;l to the test by

rforming repeatedly the following experi-
l:em.* I?;le egf;lied{he richt side of the heart
by the section of the pulmonary artery and
venm cave, having previously retained the
blood of the left side by passing a ligature
around the aorta. The experiment succeeded
many times: the right auricle remained per-
fectly immoveable, and the only motion which
the right side retained arose from the connexion
of its fibres with those of the left ventricle.
The left auricle retained its movements for a
certain time, the ventricles during a longer
period, sometimes even for two hours.  Headds,
we thus transfer from the right al_mcle to the
left ventricle the property of being the last
living part in the body, in preserving for it
during a longer period the irmtation produced
by the contact of blood. These experiments
of Haller certainly shew that the left side of
the heart will continue to contract longer than
the right where it is subjected to a stimulant

of which the other is deprived ; but they do not |
entitle us to conclude that the persistence of |

their contractility is the same when placed un-
der similar circumstances. We have every
reason for believing that the right auricle is the
Fart of the heart which last lnses 1ts contracti-
ity.

anﬁr part of the heart remains longer contractile
than another, it is the right auricle. Nysten,}
who performed a number of experiments upon
the comparative persistence of the imitability
in the different contractile parts of the body in
the human species, after decapitation by the
guillotine, and when the heart was conse-

quently emptied of its blood, obtained the fol- =

lowing results upon the order in which the dif-
ferent parts of the heart lose their contractility =
—1st, the left ventricle, the contractility of
which is annihilated much more quickly than

that of the other organs; 2d, the right ventri-

cle, the movements of which generally continue

more than an hour afier death; 3d, the two
auricles, the right being of all the parts of the
heart that which preserves for the longest time |

its contractile power.

The stimulant used in these experiments was
galvanism. The greater persistence of the con-
tractility in the right auricle over the other parts
of the heart has been observed bﬁ:ther experi-
menters, after it had been cut

when the rest
other times, and perhaps maore frequently, those

parts of the auricle around the entrance of the
ven® cavee retain their contractility longest, |

* Bur le mouvement du sang, p. 172, Similar |
experiments were performed by Walther with the |
same results: Experimenta de vivis animalibus,

p- 11, as guoted hy Burdach.
t Recherches de Physiologie, &e. p.321.
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Indeed Haller himself confesses, that if

m the body, |
and consequently without any contained blood. 1}
The particular part of the auricle which last
loses its contractility varies in different cases. |
Sometimes the a'ppeudix is found contracting |

of the auricle is quiescent; at |
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Harvey and some of the older anatomists oh-
served the movements of the venm cave o
continue in some of the lower animals afier the
auricles had ceased 0 move. The apex of the
ventricles frequently remains longer contractile
than the rest of the ventricle. Haller suggested
that this might depend on the remaining blood
gravitating to the apex, and there acting as a
stimulant.

BDuration of contractility after death.—In
the cold-blooded animals the heart may be
made to contract fourteen, twenty, thirty-four
hours, or even longer afier death. In warm-
blooded animals the heart remains contractile
for a much shorter period afier death than in
cold-blooded amimals. Haller found the heart
contractile in a warm-blooded animal in one
case four hours afier death, and in another
seven hours. He sometimes observed it to
cease before the vermicular motion of the intes-
tines. Wepfer found 1t imitable in a dog six
hours afier death. Nysten, who attended par-
ticularly to this subject, found in one of his
experiments on the human subject, that the
ventricles refused to contract upon the applica-
tion of galvanism one hour after decapitation,
while the auricles continued contractile for
seven hours five minutes afier death.®* In ano-
ther case the right auricle was stll contractile
eight hours after death ;+ and in a subsequent
case which he relates, it remained contractile in
the neighbourhood of the entrance of the su
rior cava sixteen hours and a half after death.
In the Mammifera, Nysten found that the left
ventricle often refused to contract thirty minutes
after death; that the right ventricle retained its
contractility two hours, and sometimes longer,
while the right auricle was not quiescent upon
the application of the galvanism until eight
hours after death.

He found it to vary in birds according to the
degree of muscular activity which they enjoyed
during life. 1In those of high flight, and which
exereise great muscular contractility during life,
and have a rapid circulation, as the sparrow-
hawk, the irritability of the heart and other
muscles becomes much more speedily exhaust-
ed than in those the movements of which are
comparatively slowand feeble,as in most domes-
tic fowls.§ Nysten supposes that the explana-
tion of the greater persistence of contractility of
the right ventricle over the left lies in the ‘cir-
cumstance that the left acts with greater vigour
during life, thus referring it to the important
general law which he has established by his
experiments upon the comparative excitability
of the muscular tissue in the various classes of

animals, that the duration of the contractility |

after death is in the inverse ratio of the musecu-
lar energy developed dunng life.]| Before we

o DF- t'it-. F‘- 3161

t Page 318,

3 In these experiments all the other parts of the
body lost their contractility before the right auricle,

Op. cit. p. 349,

Dr. Marshall Hall (Phil. Trans. 1832} has
more lately laid it down as a general law that the
irritability of the heart and other muscles is in the
inverse ratio of the oxygen consumed in respiration.

could admit this explanation, it would be nedl
cessary 10 show, what we believe it will
found impossible to do, that the left ventricle,
apart from its greater quantity of muscular fibre,
exerts greater strength or exhibits more ener-
gelic contractions during life than the righ
ventricle. In young animals, immediately afte
birth, the contractility of the heart continues
longer after death than in the adult animall
We would expect this to be most apparent i
those which are born with their eyes shut, as
puppies and kittens, and in those birds which
are hatched without feathers, since these anj-
mals at that period of life approach in their
physiological conditions to the cold-bloodedf
ammals. There is a curions circumstancefs
stated by Mangili, and confirmed by Dr. Mar-§;
shall Hall, connected with the hybernation off§|
animals, that if those mammalia which hyber-§|
nate are killed while under a state of lethargy, §;
the heart and other muscles remain contracule §
|
|
|
|
!

for a longer period than when they are killed

In a state of actvity, thus resembling, when

under the influence of this lethargy, in this as

in many other respects, the physiological con-

dition of the cold-blooded animals. The con-

tractions of the heart may frequently be renewed

by the application of warmth after they have

apparently ceased. 1 have repeatedly observed §.
the fact which bas been stated by Haller and §
Nysten, that when any of the cavities of the |
heart become congested with blood, their con-
tractility becomes arrested, and, in their opi-
nion, extinguished.®* I have also found that
unloadirg the right side of the heart soon after
the congestion has taken place, which can be
done in many cases by opening the external
Jugular vein, acts as a valuable adjuvant under
certain circumstances in renewing the heart’s
action. These it would be out of place to dis-
cuss here; but [ may state that it appears to
me to be prineipally useful in certain cases of
poisoning, in asphyxia, and after the aceidental
entrance of air into the veins. Since the intro-
duction of a considerable quantity of air into
the veins produces death by mechanically ar-
resting the movements of the right side of the
heart, we believe that circumstances may occur
in which the surgeon may be justified in intro-
ducing a tube into one of the large veins pass-
ing into the upper part of the chest, and suck-
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Various experimenters distinctly show that as we
descend in the scale of animals the quantity of oxy-
gen consumed diminishes, and that Birds consum e |
more than Mammalia. Dr. Edwards has alse §
shown that the young of the Mammalia deteriorate.
the atmospheric air less rapidly than the adult ani-
mals; and the experiments of Mangili and P
rove that hybernating animals, when in a state of
Fetha: y. consume exceedingly litile oxygen, so
that there is evidently some relation between irris
tability and the quantity of oxygen consumed in re=
spiration ; but for the proof that the irritability is
exactly in the inverse ratio of the respiration, we
must wait for Dr. Marshall Hall's promised experi:
ments. ;

* Haller supposed that this was effected, as must
be if allowed to continne for any length of time
by the too great distension of the muscular fibres,
in the same manner as distension of the b]l.d_
produces paralysis of its fibres,




{ing the frothy blood from the right side of the
theart. It is also necessary to remember this
(eircumstance in experimenting upon the length
(of time during which the heart remains con-
ttractile after death, as the division or non-divi-
+sion of the large veins at the root of the neck
\in laying open the thorax may considerably
imodity the results.®

For the probable force exerted by the heart,
1the share which the heart has in carrying on the
1eirculation, and the.probable quantity of blood
rexpelled at each contraction, see the article
{CircuLaTION.

Frequency of the heart's action—The fre-
(quency of the heart's action is considerably
imodified by age, condition of the other functions
1of the body at the time, by mental emotions, and
Iby the original constitution of the individual.
[ Its movements are influenced by very slight
1 muscular exertion, and the extent of this appears
ito vary at different times of the day. In the
fetus 1ts movements are rapid, being about
140 in the minate. At birth it is from 130 to
‘140 ; at one year 115 to 130; second year
‘100 to 115; third 80 to 100; seventh 85 to
190 ; fourteenth 80 to 85; middle age 70 to
\T5; In very old age 50 to 65. The heart's
iaction generally sympathises powerfully with the
rother organs of the body, and this has always
Fbeen regarded as a mostimportantand necessary
{ guide in the detection and cure of diseases.

It becomes strong and rapid in some cases of
i inflammation, while in others it becomes rapid
iand feeble. It hecomes quicker after eating
iand slower during sleep. It is much increased
iin frequency during bodily exertion. In cases
tof great general debility it becomes very quick
iand feeble. It becomes more rapid and
‘weaker during inspiration, slower and stronger
tduring expiration.

It is an important fact that when the con-
itractility of the heart is much enfeebled by
textensive injuries of the central organs of the
I nervous system or of the other parts of the body,
{(as when a limb is extensively crushed,) its
tcontractions are not only much weaker, but are
talso greatly increased in frequency. It is also
tworthy of remark that such injuries do not pro-
tduce convulsive movements in this organ. e
teffect which severe injuries and certain inflam-
Imatory affections have in greatly debilitating or
teven destroying the contractility of the heart is
ta fact of great practical importance, as it not
tonly explains the cause of the most alarming
tsymptoms in such cases, but also points out the
lmost appropriate remedies to avoid the chief
itendency to death. To this cause, for example,
twe are to attribute the rapid and feeble pulse,
Iin concussion of the brain, in extensive mecha-
I mical injuries, the shock after operations, exten-

* Edinburgh Medical and Surgical Journal, 1836,
' When I performed these n:perrﬁmmnm, I was not
faware that I had been anticipated to a certain ex-
ttent by Mr. Coleman. (Wilson on the Blood, &c.
Ip. 131.) Ttis var;,rdmusl'nlu that the sinusea upon
' the inlerior cava and hepatic veins in the seal may,
o MP:: tl:lll;ﬂ'ﬂl'inﬁ. ot’hm;h pnr_pm:m:i have the effect

1 venting this mechanical distemsi

t right side of the heart. o e L
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sive burns, peritonitis, &e. It is very fortunate
that the contractions of the heart become more
frequent when its contractility becomes en-
feebled. If the heart under these circumstances
had required, as we would 4 priori expect, the
presence of a greater quantity of blood to
stimulate it to contraction, instead of a smaller
quantity, as is actually the case, what would
have been the consequence? It is evident
that since the resistance, under ordinary cir-
cumstances, which the heart has to overcome in
contracting, i5, according to a well-known hy-
drostatic law, in proportion to the extent of the
avea of the inner surface of the cavities of the
heart at the commencement of their euntraction,
(each square inch of surface, according to the
experiments of Iales, having a pressure upon
it nearly equal to four pounds,) the more fre-
quent contractions, where there 15 a smaller
quantity of blood present in the leart at the
commencement of each contraction, will not
demand the same degree of muscular force for
their performance, as if these had been less
frequent. If, when the contractility of the
heart became debilitated, the presence of a
greater quantity of blood than usual in its
mterior had been necessary to stimulate it to
contraction, and if the area of the mner surface
of the cavities of the heart be in proportion to
the quantity of blood contained there, it is
apparent that the movements of the heart would
have been much more rapidly and frequently
arrested when its contractility became enfeebled,
than they are under the actual arrangement.

The influence of mental emotions upon the
movements of the heart requires no illustration,
for this is so universally experienced that in
common language the heart is considered to be
the seat of the affections and passions, and this
has had a powerful influence upon the phrase-
ology of all languages.

In sanguine temperaments the heart gene-
rally contracts more frequently than in phlegmatic
temperaments. In women it is also generally
a little quicker than in men.

It varies very much in different classes of
animals.

Burdach® has given the following table col-
lected from numerous sources, as an approxi-
mative valuation of the frequency of the heart's
action in various animals.

Number of pulsations in a minute.
dnsthesSharke. ool e el B 1-?‘
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* Physiologie, vol, iv. p. 251,

t We cannot consider the pumber of pulsations

of the heart in a minute given in the above table
as by any means quite satisfactory. ‘The number
of pulsations in the ox and horse is given on the
authority of Vetel in Froriep, Notizen, t. xxiv, Pa
f]‘.‘lﬂ. _Other observers state the number of pulsa-
1008 in & minute at from 38 to 52 in the

from 64 to 70 in the ox. ey
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For the effects of the respiration upon the
contractions of the heart, and the influence of
the circulation of dark blood upon its irrita-
hility, see Aspoyxra.

The cause of the motion of the heart.—The
motion of the heart, and the constancy and
regularity of its ‘movements, are circumstances
g0 remarkable that they could not fail early to
excite a deep interest among medical philo-
sophers when the]y had once turned their
attention to the explanation of vital phenomena.
When we contemplate the heart commencing
its movements at am early period of feetal
existence, and never resting from its apparently
unceasing toil until the latest moments of life,
and when we remember the uniform and regu-
lar manner in which all its actions are accom-
Fiishedn—all conspiring for the proper per-
ormance of the deeply important functions
assigned to it, weare at first impressed with the
idea that it is regulated by laws different from
similar textures of the body, and altogether
peculiar to itself. It must have been under
the influence of similar impressions that the
older medical philosophers approached this
subject, and it 1s in this manner only that we
can account for many of the strange specula-
tions on the heart’s action which they have left
recorded.

We find one sect attempting to explain it by
a peculiar innate fire. Sylvius, the head of the
chemical sect, had recourse for its explanation
to an effervescence excited by the intermixture
of the old and alkaline blood with the acid
chyle and acid pancreatic lymph.®* Descartes
supposed that a constant succession of explosions
occurred in the heart from steam generated
there, which propelled the blood through the
body. Stahl got at once out of the difficulty
by affirming that the heart was more particu-
larly under the guidance of the anima or soul.
But we cannot here dwell longer on these ob-

#* Tn the same manner Borelli says, “ Constat
ex dictis immediatam cansam motivam cordis esse
ehullitionem fermativam tartarei sueci ganguinei
excitatam A commistione sucel spiritnosi A nervis
instillati,”  De Motu Animalinm, p. 97.
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solete and to us in the present time almost |
ineredible opinions, and the only use to which
they are now applicable is to serve as beacons

to keep us, in all our inquiries into the pheno= §i
mena of living bodies, within the strict path of §
ficts and observation, and to forcibly impress g
upon us into what strange and fatal errors even
the brightest intellects may fall, when they §i
leave the inductive method of investigation, ¢
and wander into the alluring but dangerous
regions of hypothesis. And the effects of these
errors are only the more to be dreaded as they
are often clothed in the most seductive in-
genuity. It ought also still more forcibly to
meuleate upon us the important truth, which,
though generally in our mouths, is not unfre-
quently forgotten in practice,—that as the
material world and all which it contains have
been placed by the Author of Nature under
arbitrary and fixed laws, it is impossible to ex-
tend our knowledge of these by thEDTi!-iI:]g in
the closet, and that this can only be effected by
the patient interrogation of Nature herself.

It was not until the time of Senac and
Haller that accurate notions began to be enter-
tained on the nature of the heart's action.

The cause of the movements of the heart is
distinetly referable to the same laws which
regulate muscalar contractility in other parts of
the body, enly modified to adapt it for the f_iar* i
formance of its appropriate functions. Like
all the other muscles it is endowed with irrita-
bility, which enables it to contract upon the
application of a stimulus. The ordinary and
natural stimulus of the heart is the blood,
which is constantly flowing into its cavities.
The greater irritability of the inner surface over
the outer is evidently connected with the
manner in which the stimulus is habitually
applied. When the blood is forced on more
rapidly towards the heart, as in exercise, its con
tractions become proportionally more frequent;
and when the current moves on more slowly, |
as in a state of rest, its frequency becomes pro=
portionally diminished. If the contractions @
the heart were not dependent upon the blood,
and their number regulated by the quantity |
flowing into its cavities, very serious and in-
evitably fatal disturbances in the circulation §
would soon take place. 1

As the heart continues to contract often fora §
very considerable time after the vene cavee
have been tied, and after the blood has ceased
to pass through its cavities, or after it has b
removed from the body, this has been suppose
by some to indicate that there 15 something 1
the heart’s structure or in its vital prope
which enables its movements to proceed in
pendent of all other eircumstances. Butin
these cases a stimulus has been applied in son
form or other to the heart. If the heart
been allowed to remain in its place, though the
circulation of the blood may have come to a
stand, part of it may yet remain in the diffe
cavities of the organ ; or if the pericardium
been opened, the impression of the exte
atmosphere may act as a stimulus. The ex
riments of Walther and Haller formerly m
tioned upon the comparative irritabili
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s two sides of the heart, and the different results
cobtained when the one side of the heart was
cemptied of blood, and when it was retained in
i the other, are sufficient to shew the effect which
ithe presence of blood in the cavities of this
corgan has upon the continuance of its action
safter the circulation has ceased. If the heart
thas been removed from the body and emptied
cof its blood, it must natmally follow that its
cdifferent cavities will be filled with atmospheric
sair: and it has been well ascertained that this
sacts as a very powerful stimulant upon the
iinner surface of the heart.®* Every circumstance
cconnected with these experiments is in exact
ceonformity with the opinion that the movements
tof the heart are only called nto action by the
sapplication of a stimulant. Thus, when the
jirntability of the heart becomes more languid,
;and when the blood or the atmospheric
jair in its cavities becomes insufficient to
iraise it to contraction, strong and energelic
ymovements may still generally be excited by
Ihaving recourse to a more powerful stimulant,
«such as the prick of a scalpel or the application
cof galvanism. Since the heart is highly en-
tdowed with irritability, various other mild fluids
| besides the blood are capable of exciting it to
(contraction. As every organ, however, has its
virritability adapted for the function which it is
tdestined to perform, so we find that the heart,
tthe central organ of the circulation, is most
{fitly called into action by the blood, its appro-
jpriate and natural stimulant. :

In examining the nature of the irritability of
ithe heart, and contrasting it with that of the
wvoluntary muscles, we must not compare its
teontractions with those excited by volition in
t{the muscles of voluntary motion, for these last
tare evidently modified by the nervous influence
Ifor an obvious purpose ; but let us observe hoth
rwhen placed under similar eircumstances, and
itrritated by the application of the same stimu-
Hant applied to the muscles themselves, and we
1will find that they only differ in this,—that in
ithe voluntary muscles each successive appli-
tcation of the stimulant is generally followed by
ta single contraction, while in the heart it is
| followed, exm:]pt when the contractility is
ymuch impaired, by several consecutive con-
{tractions alternated with relaxations. This ten-
tdency to successive contractions is also observed,
tthough not to the same extent, in the muscular
teoat of the intestines.

We must admit, however, that the contrac-
ttions of the heart proceed under circumstances
iwhere it is difficult to point out the presence
tof any sufficient stimulus, and where, to account
{for their continuance, we are almost obliged to
I have recourse to the supposition, that there is
i8ome innate moving power in the heart itself.
11t has been stated, for example, that the move-

ad Peyer, Brunner, and Haller have seenthe con-
E tractions of the heart renewed by blowing air into
tthe cava ascendens, Wepfer and Steno produced
tthe same effect by inflation of the thoracic duct.
I Enman states that he onece observed the renewal
aof the heart’s action in the haman subject by

!,rh'g.&fh into the thoracic duct, Vide Senac, tom.

37

ments of the heart will proceed under the ex-
hausted receiver of an air-pump. I have
repeatedly placed under the bell-glass of an
air-pump the heart of a frog when removed from
the body and emptied of its blood, and [ could
never satisfy myself that the frequency or
strength of its contractions was at all affected
by the withdrawal or renewal of the air; and
though it might be urged that the air is only
rarefied, not entirely removed, in the best ex-
hausted receiver of an air-pump, and that con-
sequently in such experiments a stimulant still
existed 1 the presence of the rarefied air, yet
I would not consider this explanation of the
continuance of its contractions by any means
satisfactory. In these experiments there is ano-
ther source of stimulation present which ought
to be taken into account, gr, as I shall after-
wards shew, the slightest movement of the
heart, such as that caused by ils contraction,
upon the surface upon which it is placed when
removed from the body, is sufficient, from the
great irritability of the organ, to act as a stimu-
lant upon it. If these external stimuli appear
to be insufficient to account for the persistence
of the contractions of the heart under the cir-
cumstances we have mentioned, we may have
recourse to another explanation drawn from the
mechanical structure of the organ; for it is
possible, as has been suggested by Dr. Alison,
that from the peculiarly convoluted arrangement
of the fibres, the outer may, during the con-
traction of the organ, pinch or stimulate the
inner, and so cause this tendency to repeated
contractions from one application of a stimu-
lant. We do not, however, consider that we
have succeeded perfectly in accounting for the
continuance of the contractions of the heart
under all circumstances, but we are unwilling
to admit the existence of any peculiar innate
and unknown agency in the production of any
phenomenon, until it is satisfactorily established
that it cannot be accounted for on the known
laws which regulate similar phenomena in the
same texture in other parts of the body. And
it must also be remembered that these move-
ments of the heart have only been observed
when its contractility was stll comparatively
vigorous, and where sources of stimulation
were still present.  We ought, besides, to be
the more cautious in admitting the existence
of this mpate moving power, since it 1s in
opposition to a well-known law in the animal
economy,—that though the various tissues of
an organized body are endowed with certain
vital properties, yet the application of certain
external and internal stimuli 15 necessary to
produce their manifestations of activity. In
fact it 15 from the action and reaction of these
tissues and excitants upon each other, that the
phenomena of life result.®

*® The remarks which we have made above,
illnatrating the great length of time which the heart
will continue to contract after baing removed from
the body, and when all communication between the
nerves ramified inits substance and the sympathetic
ganglia and the central organs of tha nervous sys-
tem have been cut off, when taken along with the
equally well ascertained fact, that ita contractions
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Upon what does this irritability of the heart
depend {—This has been one of the most keenly
agitated questions in physiology, as a great part
of the experiments, and much of the reasoning
upon the nature of muscular irritubility, have
been furnished by this organ. As, however,
the general doctrines entertamed on this subject
have already been fully discussed under the
article ContracriviTy, we shall here confine
ourselves to a few of the leading facts connected
with it which have a special reference to the
heart. ‘The two principal questions on this
point since the time of Haller have been, whe-
ther does it depend upon nervous influence ?
or is it a property of the muscular fibre itself
independent of the nerves ?

We have seen that the nerves distributed
upon the heart are the par vagum and sympa-
| thetic. Numerous experimenters have removed
i portions of the par vagum on both sides of the
neck without the slightest diminution of the
strength of the contractions of the heart. These
experiments we have frequently performed with
the same results. There can now be no doubt
that the sudden death which oceasionally fol-
lows this operation is not to be attributed to the
cessation of the heart’s action, as some of the
older experimenters believed, but, as Legallois
has shewn, it depends upon an arrestment of
the movements of the muscles attached to the
arytenoid cartilages. Portions of the sympa-
thetic have also been destroyed in the middle
of the neck without any effect upon the con-
traction of the heart, except what could be
sufficiently accounted for by the pain of the
incisions and the terror of the animal. A por-
tion of both of the sympathetic and pneumo-
gastric nerves may be removed in the neck
with the same results; in fact we cannot, in
the dog and most guadrupeds, cut the par
vagum in the middle of the neck without also
dividing the sympathetic.  Magendie affirms
that all the sympathetic ganglia of the neck,
along with the first dorsal, may be removed
without any sensible derangement of the parts
to which their nerves are distributed. Brachet®
supposes that the reasen why the excision of the
sympatbetic ganglia in the neck does not always
arrest the heart’s action, is because there is
another source of nervous influence for the
cardiac nerves placed below this in the cardiae
plexus or ganglion. lle accordingly dpul this
opinion 1o the test of experiment, and he as-
sures us that the total destruction of the cardiae
plexus was followed by the sudden and perma-
nent arrestment of the heart’s action. Now

may be readily increased or renewed under those
circumstances, by mild excitants applied to its inner
surface, are completely opposed to the supposition
that the heart is called into contraclion in a manner
gimilar to those sympathetic movements more latel
deseribed under the term excito-motary. T]mu,gt:
thiz mode of explanation may be considered quite
legitimate when applied to those sympathetic move-
ments which do not require the intervention of the
tirain for their performance, such as deglutition,
respiration, &c., it is certainly pushing the docirine
far beyond its proper limits to apply it to the
explanation of the movements of the heart.

¢ Du systéme nerveux ganglionaire, p. 120,
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when we consider the nature of such an ex-
peniment as this, with the chest of the animal
laid open, the respiration arrested, and the
heart exposed during the time the experimenter
15 searching and tearing for the plexus placed
deep behind the aorta and pulmonary artery,
and which would require a considerable time
to display even in the dead body when unems-
barrassed by the movements of the heart, we
must be more astonished that the action of the
i'malrl had not completely ceased before the ex-
petiment was finished, than that it should have
continued so long. Besides, even allowing that
this experiment could be relied upon, we have
sufficient evidence, from the facts stated above,
fo entitle us to conclude that the heart is not
dEpEﬂdEnt for its movement upon any intuenee
constantly transmitted along its nerves from the
central organs of the nervous system,—the
brain and spinal marrow. Brachet is himself
obliged to admit, from other experiments which
he performed, that the division of the sympa-
thetic at the lower part of the neck is not suffi-
cient to arrest the heart’s action, so that this
experiment is intended to shew that its irrita-
bility depends upon the ganglia of the sympa-
thetic itself. The independence of the irmta-
bility of the heart upon the brain and spinal
marrow can be very satisfactorily proved in
another manner. The occurrence of acephalous
monsters,” and the experiments of Wilson
Phibip,t Clift,} and Brachet§ demonstrate that.
the brain or spinal marrow may be naturally
wanting ; that one or both of them may be
removed entirely, or destroyed in small portions
at a time, without arresting the heart’s action.
We may here observe that the experiments of
Legallois,| Wilson Philip, Wedeneyer,§ Bra-
chet, and many others, in which the action of
the heart was arrested by erushing large portions
of the brain or spinal marrow, though they do
not prove the dependence of the irritability of
the heart upon the brain and spinal cord, at
least shew, what the effects of mental emotions
upon the movements of the heart had already
pointed out, that it can be influenced to a great
and most important extent through these organs.
The advocates for the dependence of the irrita=
bility of the heart upon the nerves appear to
have pretty generally abandoned the opinion
that this is derived from the central organs of
the nervous system, and now maintain the
doctrine, which was more prominently deve-
loped by Bichat, that this is derived from the &
sympathetic, the ganglia of which, according |
to him, are independent sources of nervous |
influence. From the manner in which the
sympathetic is distributed upon the heart, it ?

® The heart is generally though not always %
gent in acephalous monsters, ¢ h
+ Experimental Inquiry into the vital functions.
Phil. Trans. IBI?:-. i
Systéme nervenx ganglionaire. il
Legallois performed these experiments on
spinal cord alone, and supposed he had proves
that the movements of the heart were dependent
upon that portion of the nervons system.
P’!] Physiol. Untersuchungen uber das Nerven-

system, &c. p. 235
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i perfectly impossible to insulate that organ from
ithe nerve and experiment upon it; but we
tthink we are justified in concluding from ob-
sservations and experiments derived from other
ssources, that in all probability the contractility
cof the heart depends upon a property possessed
tby the muscular fibre 1tself without any neces-
ssary intervention of its nerves. The possibility
wof exciting or increasing the action of the heart
iby stimuli applied to its nerves has been mixed
wup with this question. Though it must be
sadmitted that mechanieal and chemical stimu-
llants applied to a considerable surface of the
ceentral organs of the nervous system quicken
ithe heart’s action, yet experimenters have gene-
rrlly acknowledged that these stimulants applied
ito the nerves of the heart produce no effect
wpon its movements. Burdach,®* however,
umaintains that he has quickened the heart of a
mrabbit deprived of sensation by applying caustic
tass to the trunk of the sympathetic, or its in-
ﬁiur cervical ganglion. "T'hat the heart can be
excited to contraction by the application of
Ivanism has had many supporters, and many
ceelebrated names are arranged both on the
saffirmative and negative sides of the question.
TThat the movements of the heart may be in-
ccreased or renewed by the application of yal-
wanism as the experiment is usually performed,
ithere can be no reasonable doubt ; for if one
wire is placed upon the nerve and the other
wmpon the heart, the moist nerve will act as a
tconductor to the electricity, and the effect pro-
dduced will be the same as if the stimulant had
tbeen applied to the substance of the heart itself,
INysten admits that movements of the heart
mwere excited by the galvanism when one of the
ires was applied to one of the large arteries
ffrom which all the visible filaments of the
erves had been dissected off. Dr. O, Holland,+
in a number of experiments, satisfied himself
at the tissues of the body conduct galvanism
ith so much facility, thai the heart’s action
ould readily be excited, when one wire was
laced upon the heart and the other in the nose,
outh, and even among the moist food in the
mach. I have performed similar experiments
ith the same results. Humboldt and Brachet
sert that they have quickened the movements
f the heart by applying both wires to one of
cardiac nerves, If these and the experi-
nts of Burdach could be relied upon, they
uld be sufficient to prove that the heart could
e occasionally stimulated through the cardiae
erves, but the negative experiments on the
ther side are so numerous, and the sources of
llacy in judging in this manner of the relative
uickness of the heart’s action between one
ime and another so obvious, that we must be
llowed to distrust them unless they should be
firmed by other accurate observers.
Constuncy of the heart's action.—The con-
tancy of the heart's action is more a parent
n real. After each contraction a state of
xation follows. The relative duration of

* Traité de Physiologie, tom. vii. p- 74, traduit

r Jourdan.
Experimental Inguiry, &c, p. 275,
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the contraction of the auricles and ventricles,
according to Laennee, appears to be as fol-
lows :—a third at most, or a fourth or a little
less by the systole of the auricles; a fourth or
a little less by the state of quiescence ; and the
half or nearly so by the systole of the ventricles.
From this he caleulates that the ventricles,
when the heart is acting with its usoal frequency,
rest twelve hours out of the twenty-four, and
that in those individuals in whom the pulse is
naturally below 50, it must be in a state of
relaxation sixteen hours out of the twenty-four.*®
Now this is a degree of contraction of which
many muscles of the body are probably susce
tible, such as the muscles which support the
trunk when we sit or walk, and which some,
as the diaphragm and intercostals, generally
perform.

Regularity of the heart's movements—The
regularity of the heart’s movements, so essential
to the welfare of the animal, has appeared,
even to many modern physiologists, to be inti-
mately connected with some peculiarity in its
structure. We are inclined, however, to agree
with Haller, that this 1s perfectly explicable on
the known laws of muscular contractility
in other parts of the body. The regularity of
the heart’s action was another fertile subject of
hypothesis to the older physiologists ; and even
in the present day we find the term “ organic
instinet” employed to designate it.

The contractions of the heart take place in
the order in which the blood flows into its
different cavities; and if the blood be the habi-
tual stimulant upon which its movements
depend, this is exactly what we would expect.f
The blood forced in greater quantity into the
auricles by the contraction of the termination
of the cave and pulmonary veins, stimulates
the auricles to contract and propel an additional
quantity into the ventricles ; and this, acting as
a stimulant upon the ventricles, excites them to
contract and drive the blood into the arteries,
when the same series of phenomena is renewed
and repeated in the same succession.

The continuance of the heart’s action after
the circulation has ceased, we have already
attempted to explain ; and if these contractions
depend upon the presence of a stimulus, they
must evidently be in the same order as in the
natural state of the organ, as these have not
been interrupted. The continuance of the re-
gular order of the contractions of the heart
after its removal from the body can in general,
we think, be satisfactorily accounted for by
the substitution of a new stimulant for that
of the blood ; the cavities are then DeC-
pied with air instead of blood, and each

® We have ‘not here given Laennec’s caleulations
of the relative duration of the contraction and
relaxation of the auricles, as they must be founded
on false data—on the supposition that the second
sound of the heart marked the duration of the £0n-
traction of the awricles,

t This was also the doctrine maintained by Se-
nac, op. cit. tom. i. p. 325. Senac, however, was
opposed to the doctrine of Haller, that the contrac.
tility of the heart was a property inherent in the

muscular fibre, and independent h 3
Tom, i, p. 451, 5 R F28, Hirved
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contraction of the auricle must force an ad-
ditional quantity into the ventricle, and this,
though small in quantity, may be quite suffi-
cient to excite the ventricles to contraction,
when the irritability is not too much impaired.*
It is only in this manner, taken along with the
greater irritability of the internal surface over
the external, that we can explain the observa-
tion made by Dr. Knox in the course of his
experiments upon the irritability of the heart
in fishes, where, when the irritability was nearly
exhausted, contractions excited in the auricle
were sometimes followed by contractions of the
ventricle, when irritation of the outer surface of
the ventricle itself produced no effect.+ Cer-
tainly, under ordinary circumstances, this regu-
larity of the heart, so necessary for the proper
performance of its functions, is a marked fea-
ture in its action ; but that it is not either ne-
cessarily connected with its structure or vital
properties, but depends solely on the manner
in which its stimulant, the blood, is applied, is
proved by various facts. 1st. The movements
of the auricles and ventricles generally cease at
different times after death; and though the
auricles much more frequently continue to con-
tract after the ventricles, yet several accurate
experimenters have observed the left auricle
become quiescent before its corresponding
ventricle.f 2dly. When the movements of
the ventricle have ceased, while the auricles
continue to contract, the ventricle may generally
be excited to vigorous contractions by the ap-
plication of a powerful stimulus.  3dly. When
the irritability of the heart becomes somewhat
languid, two, three, or sometimes six or seven
contractions of the auricle may take place be-
fore the ventricles are roused to contraction ;
the evident deduction from which is, that the

* When the heart has ceased to contract, it may
frequently be called into pretty vigorous action by
opening one of the large veins, and blowing some
air into its cavities,

t T have repeatedly attempted to ascertain if the
circumstances here described as sometimes oceurring
in the cold-blooded animals conld be observed in
the warm-blooded animals, but without success.
In one experiment upon the heart of a rabbit, after
all the movements of the ventricles had ceased,
but where they could still be readily excited by the
application of a stimulant, we were convinced that
contraction of the auricle, when excited by stimu-
lation applied to itself alone, was sometimes fol-
lowed by contaction of the ventricle even after
the ventricle had been sli¢ open. But in subsequent
experiments npon dogs, we ascertained a source of
fallacy which we had overlooked in the other expe-
riment, for we found that a slight movement of
the heart on the surface upon which it rests, such
as that caused by a very gentle pull at the large
arteries, and not exceeding the effects produced by
the contraction of the auricle, was, in some of
these cases, sufficient to excite contractions of the
ventricles. f ]

4 In one experiment upon a cat, I distinctly ob-
served the right ventricle ucmuunal}y pulsate
twice for each pulsation of the auricle, In another
experiment, 1 distinetly observed the contractions
of the ventricles precede those of the auricles,
when the contractility of the heart had become en-
feebled. In this case, the pause in the heart’s
action occurred after the contraction of the auri-
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contractions of the ventricles do not neces-
sarily follow those of the auricles, unless
the contractions of the auricles occasion the
application of a stimulant to the inner sur-
face of the ventricles sufficient to excite them

to contraction. 4thly. The movements of the §

ventricles and auricles will go on in the same

manner, though detached from each other §

by the knife. 5thly. If we were allowed to §
argue from final causes in negative cases, we §
could easily shew that a peculiar endow- §

ment, such as we are contending against,

would not be of the shightest advantage in se- §
curing the regularity and constancy of the §

heart’s movements.

It appears, then, quite uns §

philosaphical to call in the agency of some un-

known and indefinite principle for the produe-

tion of these periodic movements, as they have §

been called, of the different chambers of the
heart, when they can be satisfactorily referred
to the laws whicﬂ regulate muscular contracti-
lity in other parts of the body. We have here
a beautiful example of the manner in which
nature produces adaptation of means to an end,
not by the creation of new properties, which
we, in our ignorance, sometimes erroneously
attribute to her, but by the employment of
those already in use in the performance of other
functions, only modified to accommodate them
to the ecircumstances under which they are
placed.

Svunds of the heart.—On applying the ear
over the region of the heart, two distinet
sounds are heard accompanying its contraction.
Though the existence of such sounds seems to

have been known to Harvey,* who compares §

them to the noise made by the passage of fluids
along the esophagus of a horse when drinking,
yet, as is well known, it is to Laennec that we
owe the first accurate deseription of the charae-

ter of these sounds, the order of their succes-

sion, and the manner in which they may here-

after be made available for the important rpul'—
oses of the diagnosis of the diseases of the
eart.

The first of these sounds is dull and pro-
longed ; the second, which follows closely upon |
the first, is sharp and quick, and is likened by |
Laennec to the flapping of a valve, or the lap-
ping of a dog. After the second sound a pause
ensues, at the end of which the sounds are
again heard. These three—the first sound, the |
second sound, and the pause—occur in the |
same uniform order, and when included along |
with the movements of the heart, to which they |
owe their origin, have received the term rhythm
of the heart. As the dull prolonged sound i
synchronous with the impulse of the heart, and 4
consequently with the contraction of its ventri-
cles, Laennec attributed this sound to the con-
traction of the ventricles. The second sound,
which is synchronous with the diastole of the
ventricles, {m supposed must depend upon the
systole of the auricles; and to this he was
naturally led by the supposition that their con=
traction must also produce some sound. From

the weight of Laennec’s authority, this opinion
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ms to havebeen almost imﬁlicilly adopted un-
iil the appearance of a paper by the late Professor
rner, in 1829. Professor Turner there re-
lled to the attention of medical men the
pbservations of Harvey, Lancisi, Senac, and
IHaller, upon the order of succession in which
the cavities of the heart contract, which appear
have been forgotten amidst admiration at
ie brilliancy of Laennec's progress. He also
inted out from their experiments that if the
cond sound was dependent upon the con-
traction of the auricles, it ought to precede
instead of following the first sound, and that
the pause ought to occur after the first sound,
and not after the second. He also adduced, in
farther proof of Laennec's error, observations
rawn from the effects of disease, when, from
me impediment to the passage of the blood
ifrom the right auricle into the ventricle, a dis-
inct regurgitation takes place nto the large
veins at the root of the neck, and showed that
in these eases the regurgitation marking the
seontraction of the auricles oceurs without any
ecompanying sound ; that immediately after-
rds the impulse is felt attended by the first
und, and that the second sound takes
lace during the diastole of the ventricles
ud the passive condition of the auricles.
He suggested that the second sound might be
unted for by the falling back of the heart
nto the Eeﬁcm—dium during its diastole, to
hich “the elasticity of the ventricles at the
mmencement o -the diastole, attracting the
Auid by suction from their corresponding auri-
oles, may perhaps contribute.” Soon alter the
appearance of Mr. Turner’s paper, Laennec's
planation of the cause of the second sound
appears to have been pretty generally aban-
oned ; and numerous attempts, both in this
untry and in France, have since thal time
een made to solve this difficulty. Some of
e explanations appear to be mere guesses,
casionally at total variance with the anato-
ical structure of the organ, and at times pre-
ting even as wide a departure from its nor-
al action as that gi\renpb Laennec himself.
thers, again, have ente upon un experi-
ental investigation of the subject with en-
vightened views of its anatomy and physiology,
ve furnished us with much additional infor-
tion, and lead us to indulge in the pleasing
orospect that in a short time the matter will be
Tﬁietel_',r set at rest.
e result of the experiments of Hope and
illiams, attested as they have been by various
entlemen well qualified to judge of their
racy,—also those of Mr.Carlisle, Magendie,
uillaud, and the Dublin Committee, have
isfactorily determined that the account of the
er of the contractions of the heart, and
eir 1sochronism to the sounds as stated by
r. Turner, are perfectly correct. As, how-
ver, so many different circumstances attend
ch movement of the heart, any one of which
y be capable of producing these sounds, it
me a much more difficult matter, and one
uiring great perseverance and accuracy of
‘mvestigation, to determine upon what particular
or more of these, sound depends.
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Yor accompanying, and synchronous with the
first sound, we have the contraction of the ven-
tricles, the collision of the different currents of
blood contained there thus set in motion, the
approximating of the auriculo-ventricular valves,
the impulse of the heart against the chest, and
the propulsion of the blood along the large
arteries 3 while attending the second sound, we
have the diastole of the ventricles, and the rush
of a certain quantity of blood from the auricles
into the ventricles, the sudden separation of
the auriculo-ventricular valves towards the
walls of the ventricles, and the regurgitation of
part of the blood in the arteries upon the semi-
lunar valves, throwing them inwards towards
the axes of the vessels; so we will find that
each of these in its turn has been thought ca-
pable of producing the sound which it accompa-
nies, and stillhas, oruntil lately had, itsadvocates
and supporters. As the subjectisonesurrounded
with numerous and unusunal difficulties, and is of
comparatively recent investigation, it has fol-
lowed, as was to be anticipated, that as new
facts and observations are collected, many of
the opinions first promulgated on this question
have required to be modified or changed ; and
the scientific candour displayed by several of
these authors in renouncing former published
opinionsis deserving of the highest praise.
Several of the explanations of the cause of
the sounds of the heart proceed, however, upon
the supposition that the relation of these sounds
to the movements of the organ is different
from what has been here represented. We
shall merely state these without alluding to the
arguments adduced in support of them, as we
believe that they are founded upon inaccurate
observation. Sir D. Barry believed that the
first sound was synchronous with the diastole
of the auricles, and the second sound with the
diastole of the ventricles. Mr. Pigeaux, Dr.
Corrigan also until lately, Dr. Stokes, Mr.
Hart, and Mr. Beau, have maintained that the
first sound is synchronous with the diastole
and not with the systole of the ventricles. Ac.
cording to Mr. Pigeaux, when the auricles
contract they project the blood against the walls
of the ventricle, and a dull sound (first sound)
is produced ; on the other hand, whilst the
ventricles contract, they project the blood
against the thin walls of the great vessels which
spring from them, and a clear sound (second
sound) is the result. Dr. Corrigan supposed
that the first sound was produced by the rush
of blood from the auricles into the dilating
velnl.lrmles, and that the second sound owed its
origin to the striking together of the internal
surfaces of the ventricles during their contracw
tion, after they had expelled all their blood.
Mr. Beau believes with M. Magendie that the
first sound arises from the impulse of the
heart aFamst the inner surface of the chest, but
differs from him in maintaining that this occurs
during its diastole, and not during its systole,
The second sound he believes to depend upon
the dilatation of the auricles, M, iorry has
revived the obsolete and perfectly unténable
opinion of Nicholl, that the two ventricles
comtract at different times, and auributes
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the dull sound to the contrction of the left
ventricle, and the clear sound to the contraction
of the nght ventricle. Dr. David Williams,
while he believes that the first sound depends
upon the rush of blood into the large arteries
during the systole of the ventricles, attributes
the second sound to the musculi papillares,
which he considers as forming part of the val-
vular apparatus, causing the valves to strike
against the walls of the ventricles. These mus-
culi papillares do not, in his opinion, contract
during the systole of the ventricles, but imme-
diately afterwards, for the purpose of throwing
open the auriculo-ventricular valves. In a
former part of this article several circum-
stances are stated adverse to this opinion.

We shall now proceed to the explanation of
the cause of these sounds given by those who
maintain the views of the rhythm of the heart
which we have here ndupteti’, as resting upon
the concurrent testimony of numerous accurate
observers. These may be divided into those
who attribute both sounds to causes intrinsic to
the organ, or, in other words, to eircumstances
oceurring within the organ itself, and into those
who place them external to the organ, and
depending upon extraneous objects. The only
supporters of the latter opinion are Magendie
and his followers. Magendie maintains that
“in contracting,and for causes long siuce known,
the ventricles throw the apex of the heart
against the left lateral part of the thorax, and
thus produce the first sound, i.e., the dull
sound. In dilating, in a great measure under
the influence of the rapid influx of the blood,
the heart gives a shock to the anterior paries
on the right of the thorax, and thus produces
the second sound, the clear sound.” In proof
of this, he states that on removing the sternum
of a swan (an animal selected expressly for
the experiment, as it interfered less with the
natural action of the heart than in the Mam-
malia), he found that the movements of the
heart produced no sound, while, on replacing
the sternum, and allowing the heart to impinge
upon its posterior surface as in the natural
state, both sounds were again distinctly heard,
He adduces several arguments drawn from the
action of the heart both in its healthy and dis-

*eased state in favour of his opinion; and he
ingeniously attempts to get rid of the objection
which must instantly suggest itself, that in
many cases, such as frequently occur in hyper-
trophy of the organ, the loudness of the sounds
is diminished, while the force of the impulse
15 increased, by arguing that in these cases this
increased impulse depends rather upon a
heaving of the chest produced by the heart,
which from its increased size is brought close
to its inner surface, than upon a distinct im-
ingement upon it, such as takes place in the

E:aalr.h state. Dr. Hope, M. Bouillaud, Dr. C.

J. B. Williams, and the Dublin and London

Heart Commitees have, however, distinctly

heard both sounds of the heart, after that por-
tion of the chest against which it impinges had
been removed. It may, nevertheless, be objected
to these experiments, that as the stethoscope was
used in many of them, the impulse of the heart
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first sound is referred by Rouanet, Billi

against the extremity may have produced an .
effect similar to its impulse against the parietes
of the thorax. M. Bouillaud, having appa-
rently this objection in view, states that the
rubbing of the heart during its movements
against the extremity of the stethoscope, is
easily distinguished from the sounds of the
heart; and that he has distinetly heard both
sounds, thongh feebler than through a stetho-
scﬂlp-e, as was to be expected when nothing but
a cloth was interposed between his naked ear
and the surface of the heart. Dr. C. J. B,
Williams, in his.experiments, heard both sounds
when the stethoscope was placed over the origin
of the large arteries, and where no external
impulse could take place ; and this observation
was repeated by the Dublin Committee. The
Dublin Committee heard both sounds through
the stethoscope, though feebler after the peri-
cardium had been injected with tepid water ;
and in another experiment they were also
heard when the ear was simply approximated
to the organ. From all these experiments, I
think there ean be little doubt that the move-
ments of the heart, independent of all extra- |
neous ecircumstances, are attended by a double
sound. As the impulse of the heart against |
the chest must produce some sound, as any
one may convince himself by making the ex-
periment in the dead body, and as this occurs
during the systole of the beart, or, in other
words, during the first sound, it may Increase |
the intensity of that sound. Dr. R. Spittal®
after relating several experiments in which a
sound similar to that of the first sound of the
heart was heard by tapping gently with the
apex of the heart or the point of the finger
against the chest, both when empty and when
filled with water, and afier pointing out several |
sources of fallacy which he supposes were net
sufficiently guarded against in the experiments |
which we have adduced above as subversiv
this view, and which deserve the attentio
future experimenters, comes to the conclu
that # it 1s highly probable that the percussia
of the heart against the thoracic parietes durin
the contraction of the ventricles assists mate
rally in the production of the first sound.” §§
He is also inclined to believe “that the act of |,
the separation of the heart from the thorax after’
its approach, which was found in his experimen :
to produce a sharp, short sound, somewhat
resembling the ordinary sound, may in ce
circumstances be an assistant cause to
second sound.’+ Magendie's explanation of
the second sound is completely untenable.

Among those who maintain that these soung
depend upon causes intrinsic to the heart,
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Bryan, and Bouillaud to the rapid approxin
tion of the auriculo-ventricular valves du
the systole of the ventricles, to which Bouills

B8

* Edin. Med. and Surg, Journal, Jul 1836. .

4 Though Dr. Spittal 15 inclined to believe
the impulse of the heart against the chest ha
giderahle share in the preduction Df the first
he does not eonear with Majendie in t
tion of the second sound. ‘
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adds the sudden separation of the semilunar
valves when the blood is forced into the large
arteries ; by Mr. Carlisle to the rushing of the
blood along the inner surface of the large
arteries during the systole of the ventricles.*
Dr. Hope, in the appendix to the second
edition of his work, describes it as consisting,
1st, possibly of a degree of valvular sound;
2d, of a loud smart sound produced by the
-abstract act of a sudden jerking extension of
the muscular walls, in the same manner that
- such a sound is produced by similar extension
of the leather ofp a pair of bellows; to avoid
« circumlocution, he calls it the sound of exten-
.sion ; 3d, a prolongation and possibly an aug-
mentation of this sound by the sonorous vibra-
‘tions peculiar to muscular fibre.” Dr.C.J. B,
- Williams has very justly objected to the correct-
iness of the second cause here adduced as
iaiding in the production of the first sound, as
I the phrase “ sound of extension” is obviously
i contradictory when ap%lied to a contracting
1muscle. r. C. J. B. Williams maintains
*# that the first sound is produced by the mus-
i cular contraction itself,” the clearness of which
115 increased by the quantity of blood in the
I heart “ affording an object around which the
\fibres effectually tighten, whilst the auricular
ivalve, by preventing the reflux of the blood,
iincreases its resistance, and thus adds to the
Itension necessary for its expulsion.” He was
Iirst led to the adoption of this opinion by the
tobservations of Edman and Wollaston upon
ithe existence of a sound accompanying every
lﬂ{fd muscular contraction. This opinion he
tafterwards put to the test of experiment, the
iresults of which we give in his own words.
et E?eriment 1st, observation 8th; I pushed
imy finger through the mitral orifice into the
Heft ventricle and pressed on the right so as to
| prevent the influx of blood into either ventricle ;
ithe ventricles continued to contract strongly
((especially when irritated by the nail of the
tfinger on the left), and the first sound was still
tdistinet, but not so clear as when the ventricles
tcontracted on their blood. Observation 9th.
“The same phenomena were observed when both
ithe arteries were severed from the heart.” He
ialso found in other observations that the first
ssound was louder over the surface of the ven-
!tricles than over the origin of the large arteries,
"Which is in direct opposition to the opinion of
tthose who believe tﬁ:ﬁ this is produced by the
trush of blood along the great arteries. That
tthe first sound is not dependent upon the closing
tof the auriculo-ventricular vﬂes, he also
sascertained from observations, in which the
telosure of these valves was partially or com-
ipletely prevented, and yet the first sound was
estill heard. Besides, “this sound continues
tduring the whole of the ventricular systole,
vwhile the shutting of the valves must take place
iand be completed at the commencement of the
1systole,"” at the collision of the particles of

* As Mr. Carlisle is
IHeart Committee,
teoneurring with the
t Medical Gazette,

a member of the Duhlin
we must now consider him as

ort of that Committes,
ept. 1835,
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Auid in the ventricles does not produce this
sound he was convinced from observations, in
which it continued although there was no blood
in the ventricles,

Though we must admit that these experi-
ments of Dr Williams prove that part at least
of the first sound is caused by the muscular
contraction of the ventricles, yet we must con-
sider it still problematical, until we obtain
forther observations, whether it produces the
whole of that sound, for it is very possible that
some of the other circumstances attending the
systole of the heart may increase its intensity.
M. Mare d'Espine has maintained that both
sounds dipem] on muscular movements; the
first sound upon the systole, and the second
upon the diastole of the ventricles, The Dub-
lin Committee have in the meantime concluded
that the first sound is produced either by the
rapid ge of the blood over the irregular
internal surface of the ventricles on its wa
towards the mouths of the arteries, or by the
brult musculaire of the ventricles, or probably
by both these causes. We must wait for further
experiments before this question can be fairly
settled.®

Second sound.—Later experimenters appear
to be more nearly agreed about the cause of
the second sound than that of the first sound,
M. Rouanet appears to have been the first who
publicly maintained the opinion that the second
sound was dependent upon the shock ot blood
against the semilunar valves at the origin of
the acrta and pulmonar artery. M. Rouanet
himself acknowledges tﬁat he owed the sug-
gestion to Dr. Carswell, at that time studying
in Paris, who came to that conclusion by a
beautiful process of reasoning upon the pheno-
mena which presented themselves in a case of
aneurism of the aorta. The same opinion has
been supported by Billing, Bryan, Carlisle, and
Bouillaud+ It is, however, to Dr. C. J. B.

* The London Committee, in their re iven
in at the meeting of the British Scicntiﬁ]::ﬂfssgn:ieaa
tion for 1836, have adduced some additional ex B
riments in favour of the opinion that the rst
sound of the heart depends upon muscular con-
traction. It appeared to them that the sound pro-
duced by the contraction of the abdominal muscles
as heard through a flexible tube resembles the
systolic sound. They, however, admit thar though
‘* the impulse is not the principal cause of the first
sound, it is an auxiliary and occasional canse,
nearly null in quietude and in the supine sr.ur-e:
but increasing very considerably the sound of the
systole in opposite circumstances,” From the great
care with which these experiments appear to have
been performed, we belicve that we are now fully
Jjustified in ndnpl.in%his explanation of the Ccause
of the first sound. The Dublin Committee, in their
raport given in at the same time, also detail some
n;:pt;lri_rninu which LTIm_v,r believe to be confirmatory
of their former conclusions. See Bix
British Scientific Association, g

t In justice to Dr. Elliott, of Carlisle, T must
state that I find, on consulting his Thesis Da
Corde Humano, published in Edinburgh in 1831,
that he nmmoﬁp. 53) that he bolieves that the
sccond sound of the heart is dependent upon tha
rush of blood from the auricles into the ventricles
during their diastole, and also apon the sudden
flapping inward of the sigmoid valves at the origin
of the large arteries by the refluent blood,

————




Williams that we owe the first direct experi-
ments in support of it. In one experiment he
ascertained that the second sound was louder
over the origin of the large arteries than over
the surface of the ventricles, while it was the
reverse with the first sound; that pressure upon
the origin of the aorta and pulmonary artery
suspended the second sound; and that the
second sound disappeared after the auricles
had been laid open, although the first conti-
nued. Ina second experiment® we find the fol-
lowing observations stated :—¢ Observation 6.
A common dissecting hook was passed into
the pulmonary artery, and was made to draw
back and thus prevent the closure of the semi-
lunar valves; the second sound was evidently
weakened and a hissing murmur accompanied
it. A shoemaker's curved awl was then passed
mto the aorta so as to act in the same way on
the aortic valves. The second sound ‘now
entirely censed and was replaced by a hissing.
Observation 7. The hook and the awl were
withdrawn ; the second sound returned and the
hissing ceased.  Observation 8. The experi-
ment 6th was repeated with the same result,
and whilst Dr. Tope listened I withdrew the
awl from the aorta. He immediately said,
“ Now I hear the second sound.” T then
removed the hook from the pulmonary artery ;
Dr. Hope said, ¢ Now the second sound 'is
stronger and the murmur has ceased.”” The
Dublin Committee have repeated and con-
firmed these experiments of Dr. Williams. In
their experiments one of the valves in each
artery was transfixed and confined to the side
of the vessel by a needle, and the second sound
disappeared ; on withdrawing the needles they
re-appeared.

As the second sound thus appears to be pro-
duced by the shock of the blood upon the semi-
lunar valves, its intensity must, in a great
measure, depend upon the diastole of the ven-
tricle drawing part of the blood back upon
them, but perhaps more particularly upon the
elasticity of the large arteries returning suddenly
upon their contents during the diastole of the
ventricles, when the distending force of the
ventricles has been withdrawn. We would
therefore expect that the second sound should
be louder in those whose aorta retains its elas-
ticity, than in those (a circumstance sufficiently
common in old age) in whom, from a morbid
alteration of the structure of its coats, the
elasticity is either lost or greatly diminished.
This is an observation which, as far as I know,
has not yet ‘been verified ; but my friend Dr.
W. Henderson informs me that he is positive
from numerous observations that the second
sound is louder in young than in older persons ;
but whether this is in the exact ratio of the
change upon the elasticity of the coits of the
large vessels he is not at present prepared to
say.

* These experiments were performed upon asses,
in which the sensation was first suspended by a
dose of wourara poison and then maintaining arti-
ficial respiration. In this mawner the heart con-
tinued to act upwards of an hour after the com-
mencoment of the artificial respiration.
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