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ON THE MOTION OF THE BLOOD. Y

and this will not be unprofitable, if it expose the errors of
writers on a subject so practical, in all its diversified
relations,

Were the circulation insusceptible of exact methods of
investigation, such differences of opinion would be easy of
solution. But physiology scarcely offers a department that
admits more readily of experimental researches ; and none
in which they have been so varied or employed with equal
ingenuity and tact. Nature, however, does not willingly
yield up her secrets to such a rude mode of interrogation.

Experiments are often the source of much error, and
give it a permanence and influence long fraught with
injurious consequences—a truth which a recent writer has
well expressed.

“Les expériences ont, sans doute aussi, contribué beau-
cottp a L avancement de la science ; mais combien de fois
l'esprit s'est égaré a leur lumiére vacillante et trompeuse !
Rien de plus difficile que de bien interpréter le langage
amphibologique des expérimentations: mille choses dont
on suppose l'impuissance ou dont on mne remarque pas
l'action, mille autres choses réellement impuissantes, aux-
quelles on accorde du pouvoir, y multiplient les illusions ;
portez sur elles I'eeil de la eritique, comme nous l'avons
fait nous-méme pour notre instruetion, et votre conviction
sera entiere. Cependant il en est qui ont une utilité fort
remarquable.”#

The object contemplated in this inquiry, is not only
to analyze several of the cardinal functions of life, but espe-
cially the experiments by which they are generally imagined
to be elucidated. The exposition of error is next in
importance to the establishment of truth. It clears the
ground for subsequent and more fortunate labourers.

* Fissai de classification naturelle, &o., Par. P. N. Gerdy, p. vii.
o 2






ON THE MOTION OF THE BLOOD. i 29

des phénoménes secondaires qui ne proviennent jamais que
dun méme effet primitif; ne peut-on pas alors déduire
l'effet primitif de 1'effet secondaive, & charge de se rétracter
si cet effet secondaire pouvait provenir visiblement dun
autre effet primitif. Ainsi jusqu’ & ce qu'on voie des fluides
se monvoir d'enx-mémes, independamment de la pesanteur,
des affinités chimiques et d'une force étrangére, ne peut-on
pas assurer, lorsqu'on les voit s'agiter, quils le doivent &
une de ces puissances 7 Est-ce parce qu'on ne voit pas les
capillaires qu'on peut les declarer habituellement inactifs
sur le sang qui y circule, et croit-on s'‘éloigner en cela de
la marche des physiciens et des chemistes ? Ce serait se
tromper, #

The experimental physiologist too often flatters himself
that his mode of investigation is open to few objections.
Were his subjects susceptible of subtile analysis, like the
materials of the chemist, or theinquiries of theathematician,
his self-complacency would be well-founded. Thephenomena
of life are, however, exceedingly complex, and so indisso-
lubly associated in vital operations, that it is. difficult to
select a portion for experimental researches, without giving
rise to serious and general modifications in them, the nature
and extent of which are seldom accurately understood or
even suspected.

The results obtamed are viewed too much apart from
co-existing actions, and are reasoned upon with as much
confidence as if evolved ont of inorganic substances. How
seldom does the physiologist take into account the disturb-
ing causes flowing from his interference! These are
elements, indeed, which he does not allow to perplex or
affeet his attempts at generalization.

In the course of this undertaking, it will be shown that in
nuinerous experiments, the amount of derangement, either

* Upus cit: p. xi.



30 INFLUENCE OF RESPIRATION

general or local, necessarily produced in the vital powers,
is a matter in no degree studied. The phenomena
forced into notice are seized with avidity, and spun
into theories with unhesitating boldness. 1If, in pointing
out these defects and the consequences to which they lead,
success does not invariably attend my labours, the instances
of failure will not be altogether unprofitable. They will tend,
from the spirit with which the investigation is conducted,to
rouse and stimulate the mind to inquiry—to enlarge the field
of its contemplations—to give additional interest to subjects
of importance, and perhaps to impart a stirring feeling
of independence to the eultivation of physiology generally.
The man who dares to think for himself, unbiassed by great
names, has overcome the most formidable difficulties
opposed to the discovery of trath.

The circulation has high claims upon the consideration
of every branch of the profession. It has an intimate
relation to every vital operation, and the knowledge of its
modifications suggests, in many diseases, prompt and
appropriate measures; and, were it more accurate the
remedial art would lose much of its obseurity, and humanity
gain largely in beneficial results. The aim, scope and
order of this inquiry are shown by the following heads :—

Book I. Influence of respiration on the motion of blood.

II. The properties and influence of arteries on the motion
of blood.

III. The influence of the heart on the motion of blood.

IV. The forces by which the blood is moved in capillary
vessels.

V. The powers by which the blood is moved in the veins.

Though the influence of respiration has been studied
with elaborate attention, there are points of absorbing
interest which have only been partially investigated, or
which, indeed, are involved in much obscurity. Experi-



ON THE MOTION OF THE BLOOD. al

ments have unquestionably proved, especially those of
Magendie, Poiseuille, and of Buarry, that the motion of
blood is greatly modified by respiration. They differ,
however, in their views concerning the influence of the two
acts, inspiration and expiration. The two former teach that
inspiration only facilitates venouseirenlation. Barry regards
it the sole cause. Previously to entering upon this part of the
inquiry, the capacity of the arteries and veins, immediately
connected with the heart and lungs, will properly form the
first consideration. The greater capacity of the latter, as
well as of the venous system generally, is familiar to all,
but the fact has not been sufficiently appreciated, demon-
strating, which 1t does, the provision made for the constant
and equable supply of blood to the heart and lungs.

By injecting an equal portion of the aorta and of the two
vene cave, near the heart, a general idea of their relative
capacity may be formed. The experiment will show that the
capacity of the two veins is at least twice as great as that
of the aorta ; and as they allow, in various conditions of
the animal system, of considerable enlargement, the dif-
ference will oceasionally far exceed this statement. The
area of the venous system is greater than that of the
arterial, in the proportion of about three to onme. The
ratio between the capacity of individual arteries and veins
in different parts is very various ; between the carotid and
internal jugular, 196 : 441 ; between the subclavian artery
and vein, 3844 : 7396 ; between the aorta and vene cave,
9: 16; between the splenic artery and vein, 186: 676.
Nature, by the greater capacity of the veins, has secured
the powers of life from frequent and serious accidents,
Previous to illustrating this fact, compare the capacity of
the vene cave with that of the pulmonary artery. The
difference is great, and yet as much blood passes through
the artery at each contraction of the right ventricle, as flows
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ON THE MOTION OF THE RLOOD, HE:

ventricle would for some time be supplied with blood, were
the contractions of the right to be arrested. Tlus is not
only a wise provision, tending to preserve existegua under
circumstances that would otherwise be fatal, but explains
many interesting phenomena. ¢

It has just been remarked, that, in equal times, as much
blood is sent out by the left side of the heart as is received -
by the right. This is true only in health, or when the '
functions of the lungs are regularly performed. A dispro-
portion in the amount transmitted and received, must
necessarily take place in all cases of recovery from conges-
tion of these organs. The idea of this disproportion
occurred from the consideration of the following circum-
stance :—Having observed the great difference in the
capacity of the vene cave, pulmonory artery and aorta, it
was natural to compare the pulmonary artery with the
pulmonary veins. Knowing that these veins receive, in the
same time, only as much blood as the artery transmits,
though their conjoint capacity is greater, the question was
suggested, what end is this greater capacity designed to
serve ?

The superiority of the venous system generally is obvi-
ous and admitted. The pulmonary veins are alluded to by
physiologists, as an exception to the prevailing prepon-
derance. Their united capacity is regarded as only slightly,
if at all, superior to that of the pulmonary artery. There
is certainly some difficulty in making a comparison, in
consequence of the extreme shortness of the veins. An
accurate investigation will not, however, establish such rela-
tion. Were direct evidence less decisive on this point,
reasoning alone on the conditions of the blood, in these two
classes of vessels, would render the opinion exceedingly
questionable. The character of the stream emitted by the
right ventricle differs very widely from that flowing through
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ON THE MOTION OF THE BLOOD. 345

are far removed from this source of motion, and are sepa-
rated from it by numberless capillaries, possessing &
peculiar vital action, and unquestionably exerting an
influence on the currents transmitted to them. According
to this view, it would be expected that venous circulation
would be much slower than arterial. This conclusion
might indeed be arrived at from other considerations.

Nature displays wisdom in the construction of all her
works. Design is stamped upon all her creations. The
greater capacity of the veins is essential to the preservation
of life in many trying situations. During fainting, the blood
gradually leaves the arteries and accumulates in the veins :
and whenever the vital energies are depressed the same
effect takes place. This important modification in the
distribution of the blood is imperatively necessary to the
re-establishment of the powers of life. The left side of the
heart and the arteries could not otherwise either begin to
act or continue to carry on their feeble operations  In the
case of fainting, the small quantities of blood sent into the
aorta, on the reviving contractions of the heart, could not
possibly urge forward the mass in advance of them and at
rest; and in simple depression of the vital powers the diffi-
culties would only be less in degree.

The blood, during the enfeebled or arvested action of the
heart, does not escape from one class of arteries only, but
equally from arteries of the same calibre throughout the
body. Situation does not materially influence the result.
Whenever the heart ceases to contract, or its action is
greatly weakened, the blood gradually leaves the arteries
and accumulates in the veins. This effect takes place
throughout the whole of the arterial system, in consequence
of the interposition of capillaries between both classes of
vessels, by which the blood is withdrawn from the one and
transmitted to the other. Had not the veins a greater
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fait-il ? il semble que puisque l'une fait suite aux veines
qu'elle pousse le méme fluide, elle devrait avoir la méme
proportion de diamétre ; et que puisque les autres se conti-
nuent avec les artéres, elles devraient également leur étre
proportionnées. Cela dépend de la différence de vitesse du
sang: en effet, ce fluide circule plus vite dans l'artére pul-
monaire que dans les veines de méme nom, puisquil y a
l'impulsion du cceur dont ces derniéres manquent: done,
dans un temps donné, il y passe en aussi grande abondance,
quoique le dinmeétre de cette artére soit plus petit; que dis-je ?
sil était égal, la circulation ne pourrait se faire, De méme
si l'aorte égalait en capacité les denx veines caves et les co-
ronaires réunies, et que le sang y conservit la méme vitesse,
la circulation ne pourrait avoir lieu.

“ Les veines pulmonaires sont un peu plus larges, étant
réunies toutes quatre, que l'artére aorte, qui cependant
transmet tout le sang qu’elle leur envoie. Pourquoi ? parce
que I'impulsion que communique le ventricule gauche fait
que, dans un temps donné, il passe plus de sang par I'norte
que par les quatre veins pulmonaires. Ces deux choses,
Lo, vitesse du fluide, 2°. capacité des cavités ou il circule,
sont done en sens inverse dans les deux arbres opposés qui
forment chaque systéme vasculaire. Dans celui & sang
rouge, il y a vitesse moindre et capacité plus grande du
systéeme capillare pulmonaire & I'agent d'impulsion; de
celui-cian systeme capillaire général, il y aau contraire vitesse
plus grande et moindre capacité. Dans le systéme vasculaire
i sang noir, il y a moins de vitesse et plus de capacité du
systéme capillaire général & 'agent d'impulsion ; de eelui-ci
au systeme capillaire pulmonaire, il y plus de vitesse et
moins de capacité. Sans cette double disposition opposée,
il est évident que la circulation ne pourrait avoir lieu.”#

* Anatomie Générale, Tome 1. p. 851,
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i 0N THE MOTION OF THE BLOOD. 45

that the rate at which blood moves in the artery is greatly
superior to that in the corresponding veins. It therefore
necessarily follows, that the united capacity of the latter 1s
greater than that of the former, Equality of capacity would
be accompanied by equality of motion. It is unphiloso-
phical to imagine, that the blood circulates in any vein at
the same rate as in the artery from which it is immediately
derived. A knowledge of the functions of both classes of
vessels, and of their relations to the capillary system, is
amply sufficient to refute such an opinion.

The capillaries are not simply carriers of blood. They
are the seat of all vital changes, and microscopical exami-
nation shows that their slender currents, so far from being
distinguished by any uniformly progressive motion, exhibit
the greatest possible variety, nor are they immediately
arrested by the cessation of the action of the heart. From

these conditions, which universally belong to the capillaries,
it is clear that the veins, into which they pour their contents,
have a capacity much greater than the corresponding
arteries.

The capillaries of the lungs have the same relations to
the arteries and veins with which they are connected, as
those of every part of the body have to the same classes of
vessels, and hence the pulmonary veins have a capacity
superior to the corresponding artery. This divides and
subdivides into innumerable branches, terminating ulti-
mately in capillaries ; and the vessels which carry the
oxygenated blood to the left side of the heart, gradually
enlarge until they form the four capacious pulmonary veins.

The lungs are composed of three classes of vessels—the
pulmonary artery and its subdivisions—the four pulmonary
veins, and the infinite intermediate capillaries. Each con-
tains a large quantity of blood, the circulation of which
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ON THE MOTION OF THE BLOOD. 47

change which always accompanies this condition, of Flw
lungs. The capillaries unquestionably possess & propelling
force independent of the heart.

The lungs, as already stated, are liable occasionally to
excessive congestion, amounting in fact to many times the
quantity of blood usually contained in them, the greater
part of which is stagnant, and often remains so for a
considerable period. Is the equable distribution of it
subsequently caused by the heart or by the capillaries ?
If the result be ascribed to the former, the opinion is
fraught with insuperable difficulties, On this supposition,
when the mass of blood to be moved is the greatest, it is
nevertheless regarded as propelled into the veins by a force
clearly inadequate to the effect. One of two conclusions
inevitably flows from this doctrine. Tt must be admitted,
either that the whole of the blood between the pulmonary
artery and veins is so far influenced by the contractions of
the right ventricle, as to furnish to the left auricle the
requisite quantity, or that a portion only in the intermediate
capillaries is acted upon. Were the former inference correct,
congestion would be of short duration, and indeed it is
questionable whether it could oceur. What is understood
by congestion is the accumulation of blood, the greater
part of which is at rest. Now when the lungs are
in this state, unaccompanied by acute inflamation, the
contractions of the heart are feeble, and the pulseis usually
small and weak, occasionally imperceptible. Is the slender
stream of blood received at this time by the left auricle
transmitted to it by the contractions of the right ventricle ?
According to this notion, when the mass of blood to be
moved is the greatest, and the propulsive power the weakest,
it is conceived to be pushed forward in its course, conse-
quently, it 1s never stagnant in the lungs. This view is
certainly untenable.
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When both the right and left cavities have ceased to con-
tract, the surviving activity of the capillaries still facilitates
the flow of blood into the pulmonary veins and the left
auricle, and causes in these a certain degree of distension.
This varies considerably in amount in cases of the same
kind of death, modified by the length of time the left cavities
continue to contract.

Were the impulse of the right ventricle transmitted
throughout the pulmonary tissue, the condition of the lungs
would be different from what has been described. The
congestion would not be confined to the right side of the
heart ; the lungs generally would be affected. The blood,
it is contended, permeates these organs from the direct
impulse of the right ventricle, until arrested in its progress
either by chemical or mechanical obstacles. The former
is the prevailing doctrine. The obstacles, according to this
view, ought to commence at the farthest point from the
impelling power, and therefore the congestion should begin
at the left side of the heart and extend to the right. The
latter, however, is chiefly the seat of it. If the eircu-
lation is arrested from a deficiency in the stimulating
qualities of the blood, which is explicitly stated by
modern writers, it ought unquestionably to be interrupted
first in the capillaries the least under the influence of the
right ventricle—the capillaries the farthest removed from
it. It is alaw of the animal system that congestion occurs
most readily in vessels so circumstanced, and the case under
consideration certainly forms no exception.

Sudden death, arising from any of the causes specified,
does not give rise to congestion of the lungs, consequently
two important inferences may be deduced : first,] that the
obstruction to pulmonary circulation is not simply chemi-
cal—and secondly, that the action of the heart is not
transmitted throughout the pulmonary tissue. To establish






b | - ' L ar r
| 1
g 1 3 ) T 1 I H
5 } ] [ 118 3 1
il [ |5 1E =8N LR I % I 1




{ | ] 3
| . E La2s ! L 2 . e
1 1 30 ! 2 e . I &
e = = I 1 . s = E ] = i i -
1 = o u i e :




ON THE MOTION OF THE BLOOD. a3

ment : de la des phénomeénes pathologiques, dans la
description desquels je n'entrerai pas i présent.®

In the instrument which he deseribes, it is evident that
the motion of the fluid in the tube connected with the globe
will not only depend on the vacuum which is made m the
latter, but may indeed be measured by the frequency and
completeness with which this takes place.t The fluid can
escape only at this time. In the animal system the blood
flows, however, into the right auricle, and from the riglt
ventricle into the lungs, not at times corresponding with
the dilatation of the chest, but even during its contraction.
Here then is a striking difference between the instrument
and the vital functions with which it is compared.

It is stated that the veloeity of the blood returning to the
heart cannot be measured by the frequency of the pulse,
being in fact regulated by the amount of inspirations. In
this remark there is a small portion of truth, but a much
larger share of error, the exposition of which leads to some
interesting physiological inquiries. One condition of the
pulse may seem to afford no positive information re-
specting the rate of venous circulation, viz. a pulse weak
and small, whether slow or frequent; but his objection is
directed not against any particular kind of pulse, but against
this generally as a measure of the velocity of venous eircu-
lation—a conclusion decidedly fallacious. Nor does the
number of inspirations furnish any better data for deter-
mining the question.

The time required for the cirenlation of the whole mass of
~ blood through any given point of the system depends on two
circumstances ;—the number, and the greater or less ful-
ness of the contractions of the heart. If the blood be

* Opus cit. p. 87.
{ Sen his work referred to, p. 41 to 49,
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ON THE MOTION OF THE BLOOD. 7H

menon frequently occurs when it cannot be attributed to
this cause. In thin and delicate individuals, one or two
expirations, as in coughing, will often be seen to produce
it, in which case it cannot be ascribed to the compression
of the lungs preventing the ingress of blood. The contents
of the right ventricle are not so immediately arrested in
their course as to occasion such result, consequently the
auricle has no difficulty in relieving itself: ¢ Aas, Lowever,
during a lengthened series of strong ewpirations.

The regurgitation is regarded as indicating the ex-
istence of impediments either in the heart or lungs, when
it may be shown to originate in the altered condition of
the great veins. In delicate and debilitated constitutions,
a relatively increased proportion of the vital fluid acenmu-
lates in the venous system, causing considerable distension
of the veins near the heart, extending at times to the
jugulars, This condition rarely exists without being ac-
companied by pulsation in the latter; but this is not to be
traced to any difficulty experienced by the right auricle in
transmitting forward its contents, but to two eircumstances
—the contraction of the chest, and that of the auricle.
The effect is rendered manifest in consequence of the
large column of blood extending from the heart to the
point where it becomes apparent. To diminish the column,
without in any degree modifying the condition of the lungs,
would be to prevent the manifestation of the effect.

The influence of inspiration on pulmonary circulation is
limited, in my view, to the removal of impediments to the
passage of blood through the lungs, and, therefore, it is
not a matter of surprise, that it was not arrested in the
experiments of Poiseuille, in which artificial inflation was
employed ; noris the continuance of it difficult of explana-

tion, when inflation had been interrupted for an hour. The
r2
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2 PROPERTIES AND INFLUENCE OF ARTERIES

though arrested in its course, the activity of it cannot at
once be suspended. Were the upper ligature removed, the
blood would proceed in its natural direction, and punc-
turing the vessel merely allows this tendency to circulate
or escape to manifest itself. The structure of an artery
does not allow it to contract with force upon i‘s contents.
The effect is an impossibility. Were the elasticity of the
arterial parietes the cause of the phenomenon, and the
only one in operation, its influence would be much more
evident than it is in the ordinary conditions of the cireu-
lating system,

The force with which blood flows from a punctured vein
might with equal truth be enlisted in corroboration of the
same doetrine. The projection of the fluid in this case
would arise, neither from the action of the vessels nor the
impulse of the heart; nor is there any evidence that the
phenomenon in the experiment of Magendie is attributable
to the former of these two powers. Did the atmosphere
offer the same amount of resistance to the arterial fluid
escaping from its vessels, as is experienced by it
from the mass of blood before it, no jet would be per-
ceived, nor would the contents of the included portion
of the artery be forcibly expelled. To render the
experiment satisfactory, the resistance should be equal in
both cases. Were it possible to place the artery in vacuo,
the ejection of the fluid would be still greater, but clearly
not from the increased action of the arterial parietes ; yet
this inference might be drawn, as in the experiment in
question, and certainly with equal propriety. The effect
is obvious,—the escape of the fluid; but the cause has
been assumed without sufficient consideration of the diffi-
culties which it involves. Magendie adduces another
experiment, and one which is peculiarly his own, in support
of the doctrine which is Lere combated.
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ON THE CIRCULATION OF THE BLOOD. 119

the recoil of the arteries during the diastole of the ventricle.
The difference in the motion of the arterial fluid, or of the
forces employed in the systole and diastole of this eavity, is
a problem which physiologists have not been able to solve.
The contraction of the ventricle and the subsequent recoil
of the arteries urge forward a quantity exactly proportionate
to what is received, in the same time, by the right auricle.
Were the former alone to displace a quantity equal to what
is sent in, the additional action of the arteries would dis-
turb the relation between the two cavities, by transmitting
to the veins more blood than eould possibly be removed by
the right side of the heart. The quantity injected by the
veniricle displaces a quantity less than that sent in, by as
much as is required to distend the arterial system.

The difference in the rate at which blood moves in the
arteries during the systole and diastole of the heart is per-
haps a question which will ever remain undetermined.
The study of the phenomena of cireulation certainly leads
me to the conclusion, that the arterial fluid is urged for-
ward slowly and feebly in the diastole of the left ventricle.
The condition of the aorta, after the contraction of this
cavity, does not appear fayourable for the exercise of elas-
ticity. The blood injected, in acting on the column before
it, will probably leave a space immediately at the roots of
this vessel only partially occupied, so that in the diastole
of the ventricle a small quantity of blood will have a retro-
grade motion, and, according as this relieves the arterial
distension, the agency of elasticity will be proportionately
diminished. '

T]?LE supposition which is here advanced respecting the
condition of the arch of the aorta, during the diastole of the
left ventricle, receives, from the researches and reasoning of
others, confirmation previously unknown to me. The fact
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284 THE CONDITION OF THE

deed a force which continues undiminished in energy, even
to the extreme arteries, urging the blood into the capillaries,
Are not these conditions amply adequate to establish an
equal tension in the veins? Magendie and Poisenille,
nevertheless, prove, that such is not the case. The differ-
ence in the tension of the two systems, and the variety
observed in the venous, are thus explained by them :—
“From the experiments which we made at last meeting,
there results for you the knowledge of this important fact,
that the pressure supported by the veins is greatly inferior
to that supported by the arteries. In the one and in the
other system of tubes, the heart is always the principle of
movement, which without it could not exist. Why, then,
are not the hydrodynamic phenomena in all respects iden-
tical? That depends on a number of circumstances, of
which several are already known to you, and the others
shall be successively pointed out as we proceed in these
inquiries. The arterial circulation claims to be treated by
us, in the first place, as presiding over the progress of
fluids in the other puints of the vascular circle ; and, com-
menecing with it, we shall proceed, so to say, from the
known to the unknown. Before going farther, we shall
mention in a word the tubes which the venous blood tra-
verses, in order to return to the pump. And, in the first
place, if you cast a glance over the general disposition of
the sanguineous canals, you will be struck with the differ-
ence in these two grand systems, presented by their mode
of anastomoses and distribution. While the blood is
projected by the heart in canals decreasing in dimension,
it returns to this organ by canals constantly increasing in
diameter. It isimposible that the passage of fluid columns,
in spaces straiter or more ample, shall neither angment
nor diminish the rapidity of the current. In the arteries















: 2 o 0 i
- 3 . . : . - | 1
- N 5 x 1 1 h T 1 T - 1 i

=T I A [ A1 SN GIeCLs
= L= = 3 T& 1 2T '
T . fal: . 1 () [ LSRN !
1 : 1 it the ret e Mmoo
5 - K 1] 1 M. - 3 I
A h .
: T1E BT T

Loy i & » y




i \ |
L e | i

i T 1 1

L0 L | |
4 s ol
1 ¥ ¥
K, 3 r i a : )
L 1 | i f
L I L w] i 1 | 1 i .







242 THE CONDITION OF THE

hearts, but not the force with which the blood moves in its
ordinary or undisturbed condition in each of these systems.

It has already been remarked, that when the course of
the arterial blood is arrested, this acquires relations to
the propelling power either altogether new, or exceed-
ing what is natural, and the truth of this observation will
- subsequently be obvious. Suppose the instrument to be
fixed in any large vein, the blood cannot flow forward
or escape from the pressure acting a-fergo; the only
play of which it is capable, is derived from pushing
the mercury in the heemodynamometer a few lines in ad-
vance. If the ligature applied to the arm in venesection
causes the blood to accumulate and to be projected with
increased energy, this instrument, obstructing, in a similar
manner, the venous current, will produce analogous results ;
and, therefore, will not afford any measure of the momen-
tum of it In its natural ecircumstances; at one instant
accelerated, at another retarded, or perhaps moving in a
retrograde direction; and, moreover, the current, during
the experiment, is withdrawn from the influence of one
class of causes, to which some writers attach great weight,
viz., the enlargement of the chest on inspiration and the
dilatation of the right auricle. None of these conditions
have been considered, nor was the possibility of their
occurrence even suspected by the enterprising physiologist.
He has conducted his numerous experiments, as if the
powers of life were as simple and easy of appreciation as
the laws of purely physical machines. The modifying
influence of vital properties has not only been discarded
from his calculations, but any attention to it is treated with
contempt and ridicule.

Understanding the capabilities of the instrument, the
reader is prepared to examine the results which it farnishes.
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246 THE CONDITION OF THE

is the eye or understanding capable of separating the natural
from the induced conditions ?

There is one other experiment to which it is necessary
to allude on this oceasion. Magendie was not fully satis-
fied with the results of the preceding experiments. He
had not succeeded in intercepting the transmission of blood
to the brain, which he deemed desirable in order to deter-
mine the pressure in the vein connected with the hemody-
namometer under such circumstances, The thigh appeared
the best adapted to answer the object of his research. Here
it 1s not diffienlt to confine the circulation to two vessels,
the crural artery and the crural vein. The latter, with the
exception of a few branches, returns from the limb the
blood econveyed to it by the former. When the branches
are not compressed, the mercury oscillates between 55 and
60 mill. When the branches are compressed, so as to
force the whole of the blood into the vein, the scale indi-
cates—=80, 85, 75, 85, 80 mill. On ceasing to compress,
the mercury fell again to—62, 55, 58, 60, 58 mill.

Having ascertained the pressure in the vein, when the
flow of arterial fluid to the limb is not interrupted, he
compresses the crural artery so as to intercept completely
the impulse of the heart. The tension in the vein is then
observed to be 55, 50, 45, 42, 35, 33 mill. On allowing
the blood to re-enter the artery, the mercury rose to 62,
60, 63 mill. On compressing the artery, the mercury
again fell to 55, 48, 45, 40, 36 mill.

This experiment is intended to prove, that the pressure
in the venous system is wholly referable to the direct
impulse of the heart. Does such inference flow from it?
When an artery is compressed, or a ligature passed round
it, the blood continues to circulate towards the eapillaries,
and leaves it empty. In this case there is no column in
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284 THE CIRCULATION IN

analogous to that in arteries ; nor is it ever, when permitted
freely to escape, ejected with force from them.

The mass of blood in the placenta, between the vessels
of the twin-cords, is many times greater than the quantity
sent out by each contraction of the fetal heart; and,
according to the doctrine of this physiologist. every particle
of this mass is urged in the direction of the cord of the
accompanying or expelled feetus, and the enrrent which
escapes, on the division of it, 15 stated to exhibit the force
and rapidity of arterial circulation. This is a physical
impossibility. It might oceur, were the blood in the
umbilical vessels of the one feetus moving in continuous
and corresponding channels to the vessels of the other, but
not otherwise. When these vessels terminate in a mass
of capillaries containing many times the quantity of blood
which is at any one moment added to, or removed from
them, the quantity which escapes cannot possibly exhibit
the jerking character or force of that which enters.

In proportion as the mass of blood in the intervening
placenta exceeds that which is added to it by each con-
traction of the foetal heart, in such ratio will the motion
of the mass be less than that in the umbilieal arteries, and
also, to a certain extent, the current which issues from it.
The difference in the capacity of the arterial and venous
systems is a just measure of the difference in the rate of
circulation in each. Were the communication between the
twin-cords to be admitted, the umbilical arteries of the
feetus in utero would necessarily have the relation of
arteries to the propelling power, and the divided umbilical
vessels of the child born, that of veins. It would be
impossible for the latter, having only the capacity of the
former, to remove, in equal times, the quantity of blood
conveyed to the placenta by the contractions of the heart.
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2908 THE CIRCULATION IN

The same gradual changes, with respect to the retained
feetus, may bean additional circumstance preventing theejec-
tion of blood, though' I do not profess to understand the
influence which it would exercise, except on the supposition
that the mass of vessels in the placenta in relation to one
cord, may anastomose with the corresponding mass in
relation to the other. The admission of this offers no very
forcible objection, because the diminution in the activity
of the uterine circulation, to which I have alluded as an
important condition, will, of course, lessen the vascularity
of the placenta, and proportionately the tendeney to the
escape of blood.

The views which are here brought under consideration
will explain why, occasionally, in cases of single birth,
blood escapes freely from the funis in connexion with the
placenta. It sometimes happens that the feetus is expelled
before the circulation between the placental and uterine
vessels has been materially diminished ; consequently, the
remaining activity in the capillaries of the placenta will
cause the blood to flow from the divided cord. The severe
contractions of the uterus not only tend to expel the
child, but, in an equal degree, to lessen the activity of
the uterine circulation, and, according as this is effected,
will the subsequent condition of the placenta be modified.

I pass now to the analysis of some other views
which have been brought into prominent notice by Dr.
Hall, and imagined by him to confirm the justness of his
arguments, with respect to the circulation in the acardiac
foetus. After adverting to the case of M. Lallemand, he
endeavours to show that there is no objection to his own
doetrines, on the ground of the extensive influence which
he assigns to the heart of the retained feetus. As already
remarked, this influence is conceived to be transmitted, not

-
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