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T FROM |OVERSTRAIN,

‘I has long been known that there is a connection between the
work done by the heart and disease of that n. For example,
we may recall the fact that in intra-uterine life, when the right
gide of the heart is mainly concerned in the circulation of the
blood, the valves of the right heart are more liable to dizeaze than
those on the left side, while after birth the valves of the left side,
which have more work to perform than the right heart, are also
more frequently affected.

It iz known, also, that certain forme of heart dizease, so-

called *overstrain” of the heart, are due to the organ being |

called upon to perform more work than it is capable of com-

passing without harm to one or other part of its complicated |

mechanism. The chief recognised cause of this form of over-
strnin is active or prolonged museular exertion, which, as wa
know, involves a higher arterial pressure than the mean normal,
and an increased supply of blood to the contracting muscles,

Lesides those mentioned which throw inereased work upon the
heart, and which may lead to disease of the o , such as certain

forms of acute or chronie renal dizease, syphilia, and, in _general, |

all those conditions in which the arterial blood-pressure is higher
than normal.
The diseasea of the heart which result in such cases are,
‘in aome instances, chiefly evident in the walves; while in
othera the muscular wall of the organ is the part in which the
‘pffects of the overwork are most marked., We may mention, also,
that in disease of the valves, however produced, the effect of the
incompetence or stenosis is to throw more work upon the heart,
‘a0 that one main result of valvolar disease is to increase the work
of the organ, or part of the organ. The pathology, therefore, of
overwork necessarily underlies the pathology of failure of the
heart from diseasse of its valves,

When, also, from any cause the muscular power of the

heart i3 diminished, whether from imperfeet blood-supply, |
of the blood, or from |

. fatty degeneration, or impaired gqualit
any of the many known cawses by which the power of con-
traction of the heart is impaired, we have a condition in which
the relation between the work required of the organ and its power
of doing that work is affected in an analogons way to that which
occursa when the work of the heart is increased, and its power
remaing constant,

These considerations indueed us to make a series of experi-
mentsd on the effect upon the heart of variations in the work
which it is called wpon to perform in conditions of health and
disease,

Inspeaking of the work done by the heart, werefer to the mechamni-
eal units of work done by the ofgan in a certain given time, and
which can be found h}.’mllltipl}fiugt]mqlm!:t.itynl' blooad theown out
by the heart by the pressure against which that blood is thrown
out ; that is, the two factors to be considersd are—the quantity
aof hlood E!‘.guﬂud by ltlil_' ﬂ.lrntriﬂlvuﬁ in & given time, and the arterial

ressure, Thuos, 1o mwshgut.inﬁ the relation of the work of the

cart to the effects of that work upon the organ, it 15 with these
They can most conveniently |

two factors that we have to deal,
be considered separately, and such separate consideration or
investigation is, in many cases, desirable, secing that as canses of
disease they do not neceszarily go hond-in-hand ; indeed, in cer-
tain cases one of them may be exclusively active.

Coaxars 18 TEHE Broop-Pressvae,
Let us take, first of all, the effect upon the heart of ehanges in

the arterial pressure, what we have to say applying equally to the |

left and to the right heart,

It is, of course, easy to vary the arterial pressure experiments
ally in animals by many methods, For example, by stimulation
of vaso-constrictor nerves the arterial pressure canm be  Faized,

- while by a section of certain of these, or f
vaso-dilator nerves, the arterial pressure can be lowered, in each

It |
is, moreover, recognised that there are many other conditions

w stimulation of eertain |

il

I s
case withirlcrtain limits. Such methods have various ohjeetions,
which need not be mentioned here, and we preferred to influence
the pressure against which the heart has to force out its contents,
by narrowing the aorta at one or other part of that vessel, with ov
without closure or narrowing of certain of its branches. In order
to measure the increased resistance against which the heart has to
empty its contents in such an experiment, we found it most con-
venient and aceurate to record praphically the intra-ventricular
pressure, by means of some trustworthy pressure-gauge. For such
a purpoze, we have to hand in our lnboratory the instrument
alre Mr. Rolleston,! in his paper on the Intra-

| y deseribed h{ )

| ventricular Pressure Curve, and which gives, we believe, satislae-
| tory tracings of the changes in pressure of any chamber of the
| heart with which it iz placed in communication, It consists, o
will be evident from the diagram, of a light piston, which can
rise and fall in the exrefully hored tube, &, in which it moves
without appreciable friction, while the space between the piston
and the tube in which it oscillates is 20 narrow that little or no fluid
| can escape, This piston is attached to a recording lever, whose
| movements are restrained by the resistance to torsion of o strip of

: Fig. l.—TIntraearding Presure-gauge. The glass sanniula shown at the lower
part of the instrument is inteodoesd inte the ventricular cavity, the
shlle branch of the T tube belng closed, The instrument §s filled with
oll or other fuid, which transmiis the pressure within the heart to the

| piston b, this latter being in communication with the recordipg lever
{repregented broken in the figure).

steel, @, in such a way that the exeursions of the piston and the re-
ecording point of the lever, which writes on the blackensd surface
of a revelving eylinder, correspond to the hydrostatic pressurcs
aeting on the under surfaee of the piston, This iz not the place to
go into the technical details of this method, which are given in
Mr. Rolleston’s paper, and we nesd only add that such pres-
&1L auge may be connected with any cavity of the heart with-
ot any diffieulty, the heart being exposcd by making o window
in the thorax, and the respiration of the animal being carried on
artificially. In all our experiments on this subject, the animal
—usnally the dog—has been under the influence, during the ex-
periment, of an anmsthetic, and hos, therefore, saffered no podn.
We ean only give here a few of the more striking facts obtained
in experiments of the kind above indicated. For example, we
may say that as the outflow of the blood from the heart 18 inter-
fered with, the maximum pressure within the ventricle inereases,

U bermel of Phpsealogy,  Vel. whil., 1887, p. 237,
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this '|.|'|l:1'E'IIﬁE in pressiure ]:ummg o limit, and thia ]mm. varying in
different animals. The intra-ventricular pressure in the left ve
tricle during syvstole, which in the dog is |mmm!li aomething
under 130 millimétres mercurial pressure, can, by gradual narrow-
|ug of the ascending aorta, be ralsed to 2H) il ViEmict red, 00 milli-
maetres, oF evaen o little more, in cortain enses, lI-*}:Jmi a certain
point further narrowing, and even complete closure (which of
course is only possible for a few seconds without cansing death)
does not raise the pressure within the ventriele beyond the limit
above referred to, which limit varies with the animal and with the
condition of the heart at thet ime. With two successive momentary

closures of the aorta the maximum pressure obtained in the left
With fatigue of the heart, produced either

ventricle 15 the same,
by contin l'll"l.l
alight narrowing,
or often repeated
great narrowing,
or complete clo=
aure of the aorta,
this maximum
limit gradually
falls. We may add
alao that the
curves show A
rise in the pres-
sure during din-
sgtole, which 13
relatively losa
than the rise of
F.\ratnlu: _pressure,
This is well
shown by the
citrve,  Such nar-
rowing of the
anorta produces a
very evident dis-
temsion of  both
ventricles, which,
nevertheleas, _go
on contracting
and expanding
in what to the
eye Seems oo per-
fectly nmormal
manner.  Exami-
nation of the large

-y

repeated shortly after the aorta has been greatly narrowed, & very
much higher systolic pressure is found to result, We see no
reason to doubt that here, with the inereased pressure rn_-mltmg
from conatriction of the aorta, the coronary arteries receive an
augmented blood-supply, which improves the nutrition of the right
ventricle,

After overstrain of the heart produced in this way, the valves
are found to present certain anatomical changes, to which we will
presently have to refer. In the meantime it i3 more convenient
to proceed to the consideration of the second factor which influ-
enees the work of the heart, namely, the guantity of blood thrown
out by it in a given time

CHANGES IN THE AMOUNT oF Droop EXPELLED.

Ludwig's Stro-
muchr? iz capable,
it need hardly be
said, of pEving
information  on
this subject, but
it is not specially
suited  for onr
purpose,  seeing
that it gives no
indieation of the
effect on the heart
itzelf of variations
in the gquantity of
blood thrown out
by that organ, nor
can it be conve-
niently employed
without ¥ery seri=
ouns  interference
with the circula=
tion in the ays-
temic arteries,
The method which
we employed is
one which per-
mits mefsunement
hothot the amount
of bloml thrown
out of the heart
in a given time,
and the effect om
the heart itself of

veins, liowever, variations i that
ahowa that in volumee, It eon=
them, with the [ : ; sists in enclosing
preab oF extrems Fig. 2=—sinullaneous tracings of cardiope pressare-gaage and cardiae myograph, applisd Lo et ventricke of il Il\l11“’ urul:
DArrOWing just re= dog. The time-corve gives intervals of one s . The signal-vurve shows douring the slightly mised 'I.'I.'ﬂrklﬂj._ |1,..|-[-|- 11
forred [I,:. there part the time during which rI|- nscending |--|I.|. was slightly constrieted, while the ||||-Ix|.l|'|-.|rt of the ol fex all
_"r ¥ o cueve, which Is rlsed hilgher, gives thet '|||I|IIL"|1-||II In the morfa was l:'\I|l:II||I|I.|||l| closedd. The ].q.ltlli ol he o 15 T

I3 a 'r_:l.' visilhle this curve, at which i retar I|.'\- to bis orginsl leve |. indicates the moment when the Iegature moomd i i-'rﬂ:ﬂ ieal 1"-“1“"51'3
WOYe I:.r.:.|_-|-|-||:ir|=1r_ norta was 1'|-|r||.|:|'||'|l. r|l_.'||||l.i~:|.. Tluee spor cnrve was faken by an Instrument which F-II I!!III.'-\. ol a 1L ri]l_'rid II.iT"".i_ﬂ'htl
from the heart IrH'.TPhLl' record Deing obtained of the distance betwesn any two pednts on the heart wall, [This instra- 'Im": t!"‘J l'ﬂriﬂ'iﬂnﬂ
‘Fl."i[]] ||[L]| - ment we Bogee Lo deseribe elsew b re ']'|||-I11.-|Fn-in.l'- 1 s t o gk ||l| '|I|IIFII |l Irwu| e :i[tl'l,':'lulﬂ_'- pontonts

HLE = eurve was taken Iy in a li allel with the intervs : :
Trlcll‘l;ﬂ' h:'.'h'ﬂll'! - :44 = A .||1|-| II-. e : I.I |m.l.r-|| I In. i e laror Can ]I:[- ]l'l'l:'u:lﬂ'ﬁ.ll-l.l
10k chL‘l’ words, 1000 dxl 147 [eanis an atde nrls, Lo Gontraciion ) 1 WwWa il 1R Lr-l.]'l eally n
= s tract w ol Ehie Beart, ns well ns the effect of the I:"|II|I|1-I'| b i i o B |.'|I;|| er with d
1|I!$ NATrOwIng of ilee great expanci if thee venirlele da rothe peer ol of ele i Ehe aorta. ]J-.|r|:|||._ 1:|II'L Elme, mlen, U”“'lr “ﬂﬂi.’i it 154
the aorta pro= it can e seem Uhiat theshortening of the mascailar nlhres of the ventricle in '\-_'a"\-':lllll LERFCE |.r|_|| CTH TR LTS R ﬂ“ilﬂf"l:l!!!t-h}b“lﬂ'
flllf‘l'ﬁ rl‘L‘:“Ti_::h = Thie larger curve gives the intraventricolar pressone rlse of the lvwer prolnt correspoasdan g to rise of jeres- ;,’rllpih {F OO
- - sure. The slight rise of pressure in svstole dorng the porbod of slight constriction of the aerta is well v 1

tion through ]:""t.]' shown, as well ns the fack that the pressare in diastols remaing woclanged,  During the period of com- ;_.[I:‘ﬂ[:l]l. We o ill
mit r'lll ﬂll'E Lri= '|.|r-r..-. losure of the norta the :\.].'«.l:."'l_.: [ErEss e B s to lis maximuan o, which in the ease of LR} LIlL" 1-'3”'”“1”1
[-11:4]|1||_;':1I1.'ql_4_ The the heart in question was about 250 millimdtres mer | pressure,  During the same period of time AgEs refer to it
L'[TF"'[, 1|Il'il1, 1I'|- the diastollc pressure rises g vioan extent rela much less than the rise in systolic pressure, {::’, the nane
greatly increasing the resistance which the ventricles have cardioms ter.”

to  overcome in 1|||_ evacuation of their contemts, iz to raise The constraction of this instrument will |‘1'1'|_||i|_'|,' e unideratond

the intra-ventricular pressure during systole to a height
varying with the individual heart under observation, and to
canse great expansion of the chambers of the heart with regurgi-
tation eventually through the auriculo-ventricular valves.

It may flll"lll_‘l" be noted that the -1i'||-pi'|," of I'-!-::-llr! to the heart
musele influences the height of this limit. This is shown by the
fact that ]]ll.lm".\:ru__ the aorta raizes the !Ii:l'l"-:ltl"lllln pressure ob-
tainghle in the right ventricle by narrowing the pulmonary
arter ¥ The & 'c||1~|':|||||'ht. on which thiz statement i= fuunulll-:i Fiifis
as follows:—the pulmonary artery is first marrowed (the pressure-
gauge being connected with the right ventricle), and the maxi-
mum pressure thereby produced 15 recorded. When this s

on looking at the disgram. Here, also, we need not trouble yon
with technical details, and will only =ay that round the root of the
heart iz placed o metal ring, which 13 made in two pieces, for
convenience of .|'|.lli;||.-~-=lI||1-r|E1 ﬂlu] W ]:il']| i.\ ;:_fr:lr'n.'._':l 1;|1:|1_:=i1'|4_-, a0 08

to retain in position o ring of india-robber, something like an
ordinary umbrella ring.  This double ring having been placed
romnd the root of the heart, the outer or parietal laver of the

Fll"li.l ardinm iz then deawn I_i;_|||r over it while |_'|1r||'i||-.|:. il‘ amil
!mllh pressing the pee I:'1r|"LT-I|IIIrI:'I are screwed the two 'Imh.'m-u'F the

—

2 Btolnikow, e Aich 'mg- ||'- £ hl’lurcan:fl-lr s I}urqn-u Ry r|:||:-l:||1 s Archie, 1886,
3 Bath cardismeter and pressuregaoge wers mudde for us by the Gambridge
Sclentifiec Instrument Company
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lower hemisphere of a spherical box.  The upper part of the box
iz then serewed to the lower half,  Attached to the upper hemi-
sphere is a wide cylindrical tube, in which moves a piston, e
eonnected with a recording lever, a loose, inelastic membrans
preventing any passage of air or fluid by the side of the
piston, while it allows a free oscillation of the latter. Finally,
the interior of the instrument having been filled with warm
olive oil, and the piston pulled upwards by means of an
india-rubber spring, , so0 as to render the pressure out-
gide the heart RLlIIII‘thE-pIII.'Ti!E'.. az under normal conditions is the
case, tracings of the changes in volume of the heart are recorded
Ly the point of the lever on the blackened surface of a rev olving
..:,:,r]mq!q:r, When the heart contracts, the point of the lever rises,
and when the heart expands the point of the lever fallz, while the
digtanece between the position of the lever point before, and that
at the end of, systole EXPTRESES the amount of blosd thrown ot
by the heart during its contraction. The volume of blood entering

Fig. 3.

—Cardiometer.
(seen from above) composing the lower part of the box, and which are

The separate figure to the right shows the parts

represented detached from one another.  The oval ring a, com posed of
an inner metal ring surrounded by a eircle of india-rubiber, s Brst
placed round the root of the heart, os close s possilde to the reflection
of the pericardinm, so that the ||1'ru'u'| layer of thot membsane ks ont-
side and the visceral inside the ring,  The two lhalves of the lower
hemisphere nre then serewed together, the oval opening at the botlam
clusping firmly the indin-rubber rll:p; amd pressing the pericardium
qmlmt it T.I:ll' Bl law aphicee alipwn &t e lower il ol 1l |
fgure replaces the partetal perieardiom, Torm
lﬁrgu- toallow ihe ¥ P . B
contract [reely,  The i ' ng r , E xia
at the top of the sugport & The rest of the fhgure is sufficient |y described
in the text,
of leaving the heart, which corresponds with any given rise or fall
of the lever point, is easily obtained by ganging the instrument
before or after the experiment,  Uur obzervations lead us to be-
liewve that this method of investigating the amownt of Blood thrown
out by the heart, and the size of “that argan in systole amd disstole,
is not only easy of application, but is ‘also ver ¥ aceurate—to s,
when we first used i, surprisingly so.

We can in the time at our dizpozal give only a few of the facts
obtained by this method. We may say, first of oll, that the
quantity of blood thrown out by the heart in a given time is liable
to very great variations, independently—ithat is, withont any eor-
responding change—of the arterial blood- -pressure,

Let ua take, however, first of all, the effect on the heart of
changes in the pressure within the arteries, Rise of the arterial
pressure produced, for example, by parrowing the descending
aorta, & mercurial manometer recording the “carotid pressure,
dovs mot change the amount of ULlood thrown out by the

heart during the period of raised blood-pressare, ns compared with
that before or after the period of narrowing, The heart itsell,
however, iz appreciably affected by such change in the blood-
pressure, lts size at the end of systole is greater than with normal
arterial pressure, that 15, there iz not 20 complete an expulsion of
blowed ; while, at the same time, its expansion during diastole s
also greater,  The rafforale of this fact appears to be zimply that,
with a higher resistance to their contraction, the ventricles contract
leas in systole, while the rise of 'I:]-u-kl-prr-m-':m e im the arteries not
illllllltlhlﬂll[_,, the gquantity of blood which resclies the heart in
given time, the ventric les must necessarily expand more in diastole,
secing that they contain this increased residual blood in addition
to the normal quantity entering from the veins, The result 1%
that, when the arterial pressine rises, the voliome of blood in Che
heart, both at the end of systole and at the end of diastole, is
mmereased.  Analogous results are produesd when the arterinl pres-
gare is ralzsed by other methods. In othier words, the effect of

H'Iwn B, afl
W eulie

1 [
"I'I|.|' lime-eurve gives seconds,  The inereasesd magnitude of the fodi-
vidual bsits, that is, e ineresmsed amnooant of Bloos) tlirewn aut at e
eontraction, is well seen.  The mte of beat is oot appreciably alter
Tilee inerease b the amoant of Blosod |:-a|--||--' tlaraiagls Elos beart in ¢
glven tame, resnlting from tlee g -
fagare, meoreover, shows that with o greater amount of bleod passing
Into and out of the heart per beat the dilatation of the organ is nat
purely comiised to the dinstolic |p-r:--l iloge of carvel, bat sffects Ehe
et i 2yatale as well, For Diertliop dleEails of meile of messurement see
aleseriplion appended to Fig, &

variations in the arterial pressure on the heart iz that inereased
resistance prodduces diminution of the systolic contraction of the
ventricles ; and, the quantity of bloml entering the heart in any
given time remaining the same, this diminished contraciion is,
earferis pordipg, necessarily accompanied by increased expansion
i aliastale,

We have seen that, in the experiments first referred to, the cx-
winision of the heart am '||.|'-|r|||--|-|| leada, if extremis, o functional
mmeompetence of the aurnculo=ventricular valves—an effect wihich
i2 all the more peadily produced the more fatigued the heart 1=

Let us now consider some of the influencez which affect the
qu;m!irg.---f blonod thrown ont by the heart in a given time, and
the effeets on the organ itself of =uch variationz, It need hardly
b spid that the larger r'||--||1:.'|!|:|'l1l'.,' of Blood which reaches the
heart by the veins, the larger the guantity will be which it throws
out, In our experiments we find many influences which affect
the work of the heart in this way, and which have, curiowsiy
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enough, heen overlooked by writers on the subject. We may say, |

firgt of all, that the quantity of blood within the vazeular system
influences greatly the volume of blood which the heart has to
expel in o given time, This can easily be seen on injecting blood,
three-quarter per cent. salt solution, or other appropriate fluid,
into one of the veins, For cxnmple, we find in one experiment
(illustrated by Fig. 4) that injection of 50 cubic eentimatres of salt
solution produced an increase in the mechanical work done by the
heart equal to about 34 per cent,

The ealibre of the vemns al=o necezsarily affects the gquantity of
blood which reaches the heart in a given time. This fact can ba
very well shown by applying gentle pressure to the abdomen.
a3 13 well shown by the tracing in Fig. 5. Narrowing of the
vuing ling, therefore, the same effect as increasing the volume of
hlood 1n the vascular system,

There are many other ways by which this factor in the work
ilone by the heart can be varied, without any ehange in the arterial
Pressnre, bt we do mot proposs Lo OCCUPY your time with this sub-=
ject, seeing that what eoncerns ua here i3 the effect of change in
the work of the heart, however, produced on the organ itself.
It need hardly be said that
where the rapidity and force
of beat remaln constant, any
inereaze in the amount of
blood  which reaches the
heart must necessarily  in-
crease the diastolic expan-
sion of the organ. Within
physiological limits, there
appears to be no great harm
in such variations in the dia-
atolic expansion of the heart,
which, we may note in pasa-
ing, are very much greater
than 15 generally supposed,
Wa have mo reazon to be-
lieve that, with an increased
degree of expanzion in dia-
stole, more energy is expended
in throwing out a given
volume of blood against a
given arterial pressurs, Bup-
posing the arterial pressure
and the force of the muscular
contrictions to remain con-
atant, any increase in the dia-
stolic expansion of the ven-
tricle necessarily implies a
diminished degree of  con-
traction in syvatole, althougl
the volume of blood expelled
by the heart with each eon-
traction may be, and 1n
physiols =al conditions
alwaya i#, increased.  This
i3 well seen in Fig When
the work of the heart i raised
owing to Increase in the
volume of the blood rench=
ing it by the veins in a given time, the extent and the efficiency
contraction is increazed, although the degres of contraction
individual muscle fibves at the end of aystole is diminished.

It 15 generally asserted that, at the end of each conteaction, the
ventriele is always completely empty of blosd, a view which is
evidently oppossd to what we have just said as to the varyving
amonnt of residual bleod in the ventricles at the end of aystole,

The following experiment, even were there no ofher evidence
at hand, conclusively shows, we think, that the generally received
views upon thiz subject are erroneous. The experiment consists
in introducing the little finger through the apex into the interior
of the left ventricls of the living animal, the heart having been
expossd. This, at first sight, very difficult operation, is perfectly
easy, and need not eansze any escape of blood, The finger is in-
troduced in the same way as the cannula of the instrument first
described by us—mamely, by being puzhed through an incizion
which has penctrated two-thirds of the distance between the
pericardinm and endocardinm. The art continues to beat, as
far as can be seen, quite normally under these circomstances, and
by the Hlnger so introduced it can be felt that, at each contrac-

H

dimbslees dn mhately o

k done by the liear
s to el
o porlod ol co
£ ihe fourth.

tion, the lower part of the ventricular cavity closes completely,
the museuli papillares coming into contact with one another; tia
upper part of the eavity, however, lving between the valves and
the papillary museles does not becoms smptied.

We must assume that, ceelferis parthues, bevond a certain limit, in-
erense in the work of the heart due to inerease in the volume of blood
thrown out in a given fime tends to fatigue or weaken the organ.

We find, then, that the work of the heart varies very greatly
within physiological limits as a result both of the changes in the
arterial pressure and in the amount of blood which reaches the
organ, and that variations in the latter are of sven mors frequent
occurrence thanin the former. There iz also the fact that increass
in the work done, other things being equal, produces diminizshed
completeness of contraction in systole, and therefore an inereass
in the residual blood in the ventriele. This physiological dilatation
of the lieart with incressed work becomes, when execasive, the
cause of failure of the organ from overwork or overstrain, as it is
generally ealled ; in other words, the heart goes on contracting and
sending out all the blood which reaches it {exeepting, of course,
the residual blood) until the moment when, either from incregse
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in the arterial pressare, or from weakness of the heart musecls
resulting from futigue or from dizease of its walls, the muscles
at the basis of the ventricles no longer in svstole narrow tha
auriculo-ventricular orifices to a degree which permits of these
orifices being elosed by their valves, these not being eapable of
expanding to the same extent as the muscular substance of the
heart. This foct is very prettily illustrated by an experiment,
we believe, of Cobnheim's, and which we have frequently per-
formed and seen performed ; it consists in narrowing the aseend-
ing arch of the morta by a serew clamp while the arterial pressura
is recorded by a mercury manometer connected with one of the
arotids, the clamp therefore being placed fefwaen the heart and
the point at which the arterial pressure is measured. As the
clamp iz gradually serewed up there 13 mo corresponding fall in
the manometric pressure, such as might a priori be expected.
What happens is that when the aorta has been narrowed to & con-
siderable extent, which varies in different animals, the arterial
presaure suddenly falls, and if the elamp be not removed tha
animal diez, Thiz continuance of the normal pressure up to the
time when the sudden fall occurs fa not dug to narrowing of any
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orall of the systemic arterioles, as has been supposed by some.
Our own observations show that all the blood which resches the
heart is thrown out by it into the arteries until incompetence
1]11' the auriculo-ventrienlar valves results from dilatotion of the
1e0rE.

Wa do not, of course, for & moment suppose that the couses of
heart failure in man ever act with the rapidity or intensity of
those present in this experiment, What most usunlly takes place
apparently iz that the mitral valve, whether from primary disense
or from overstrain, gives woy gradually. Thizs gradually-pro-
dueced regurgitation is in part compensated by rise of pressure in
the pulmonary veins, which is kept wp until from failure of the
right heart the tricuspid gives way.

et us now consider bricfly some of the speecial pathological
conditions of the heart, on which light appears to us to be thrown
by what we have stated above, The much dizenszed question as
to the possibility of hypertrophy of the heart in plethora with-
out increased arterial pressure appears to us to be answered by
the detniled focts and considerations. They appear to ua to offer
a sufficiently simple explanation of this form of hypertrophy.
We have, however, never seen such cases,

Of acute overstrain of the heart from intense musenlar exertion,
ome of us (I.) has on one oocasion had personal experience : when,
during convalescenes from t-y}}]mid, e found himself ealled upon
as a ical man to make a fatiguing and rapid journey with o
relieving party over the Mer-de-Glice to the % Jardin ™ to attend
to a Chamouni guide who had been severely injured by an Alpine
accident. The sensations felt are well deseribed by Clifford All-
butt,' with whose observations on overstrain of the heart onr own
results ftl.ll.:,.' coineide, The feeling of want of breath and fulness
in the region of the heart, as well a2 the sense of extreme mus-
cular limpness, are well-marked sabjective phenomena,

With regard to the objective phenomena, 1t did not oceur to the
ome of us personally involved in this matter to percuss out his
heart, as was done by the more inmtelligent Clifford Allbute, who
found the area of dulness increased : but such characteristics of
the condition as are appreciable to the non-medical eye led the
injured guide in question to remark, “Maiz vous étes essoufild,
Monsieur, il faut prendre du cognac,” which treatment with rest

“was found eflicacions, mere rest, however, it may be remarked, not
giving the immediate relief obtained from it in cases of breathlezs-
1185 m ordinary exertion, Swiss guides, who are exposzed to
extreme fatigue in entting steps on ice in mountain climbing,
are well acquainted with the condition, as has previously and
independently beem noted by Clifford Allbute; they have Tound
that cognac gives a fillip to the system at the right time, and with
reat gives relicf,

Did the time at onr dizpoasl admit of it we might say a gond
deal on the light which, we believe, is thrown by our ob-
servations om the pathology of heart failure in chlovosis and
aoma other forms of anemia and hydcemia.  Much might
also be said on the effects of diseaze of the different valves
of the heart and the resulting overstrain thereby thrown on the
organ, or part of the organ. We need, however, here only mention
that dilatation of the heart in soueh eases, as well as in ensges of
primary dizease of the heart-wall, 13 recognizable both at the bed-
#ide and after death. This dilatation we have shown to be a
necessary result of inerease in the work of the heart, as a result
vither of inereased arterial pressure or of ingreased output of the
argan, and that failure of the heart only takes place when ineom-
petence of the auriculo-ventricular valves from dilatation of the
arifices, makes it impossible for the heart to throw into the
arteries all the blood that has reached it by the veins,

We have intentionally avoided referring in the above to the
influemce on the work of the heart of changea im the rate of
Dbeat of the organ. We have purposely also avoided entering on
the guestion of hypertrophy, or of the effect on the heart of the
vaous anl accelerans, ‘These are matters which we hope to deal
with in a future communication.

AFFECTION OF THE VALVES FPROM OVERSTRAIN.

Wo must now return to the relation between overstrain and
seeondary disease of the valves, and we have first to describe
the anatomical changes in the wvalves which we found to
result from artificially produced overstrain, seeing that these
appear to us to throw much light on certain forms of val-
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valar disease. If the ligature by which the aorta is narrowed
b placed round the aseending portion of the aortic arch,
and then either repeatedly tightemed for o short time, or by
slower, or by continued slight narrowing, failure of the heart and
regurgitation through the anriculo-ventrieular valves, be produced,
we find that, in nearly every case (six cases at least ont of seven),
certain portions both of the aortic and mitral, as well as the
tricuspid valves are the seat of oxdematous thickening, In
the aortic valves this thickening is most marked along the hne of
insertion of the flaps; these flaps themselves presenting also in some
enges a varying degree of thickening, With regard to the mitral and
tricuspid valves the thickening 1s situated chiefly along those
:lmrt.-a of the flapz which are normally in appogition during systole,
n other words, the odemn ocenpies those parts of the valves
which are specially liable to become thickened by formation of
fibrous tizsue, in guch diseases as chronie Dright's or syphilis,
with secondary hypertrophy and valvolar disease of the heart.

In other of our experiments, in which the aorta Las been nar-
rowed at a part of its course where there was no pozsibility of
interference with the lymphaties of the heart, there has been no
preat thickening of the valves, althongh, in these easea also, wi
have always found, on killing the animal, some slight thickening
along the line of insertion of the aortic valves, and o very charac-
teristic roushening of those parts of the mitral valve which are
the zeat of cedema in those of our experiments where, besidea
|:mrrnwing the norte, we presumably mterfercd, to o certain
extent, with the outflow of lymph from the heart. This ronghen-
ing we eould seo, with the uiJ! of a hand lens, was due to the
distenzion of the beaded lymphatic wvessels of the flaps, Very
commonly also o dulness of certain parts of the endoeardial
eovering of the valves led us to suapect o shedding of the endo-
thelivm, In all eases there were punctiform ecchymoses along
the same parts of the mitral Ilnln:i, the rest of the endocardial
lining showing only exeeptionally any appreciable congestion or
eechymosiz, and never being found cedematous by us,

We may note in passing that we are aware that the left seg-
ment of the tricuspid valve of the healthy dog wusually
presents a variable degres of thickening”® These anatomical
changez in the valves, which result from overstrain, we in-
terpret as indicating an increase in the amount of lymph in cer-
tain parts of the valvea, That such increase or stagnation of
Iym :ii tends to formation of fibrons tissue in the affected part,
we know iz the case in many other tissues. Of these we may
mention the fibrous thickening of the subcutaneous tizzue of the
arm, in the ease of persons where concer of the axillary glands
obstrncts the outfow of lymph from the liml.

W are impreszed by the fact that the situation of the cedemn of
the flaps is strikingly identical with that of the fibrous thicken=-
ing present in the valves of those eases of heart disease which
ogeur in conjunction with abnormally high arterial pressure, We
believe the oxdema and the fibrous tissue to be due to the same
canse, namely, the increase in the guantity of lymph, which is
possibly of a purely mechanical nature. ;

As to the question whether the endothelinum be or be not linble
to e stripped off the valves in eases of overstrain, and whether
such stripping off, if it take place, might not be the canse of
deposit of the blood platelets, or of Blrin, and thus lead to
socalled * verrucose endocarditis,” this is o matter which we cannot
dizsenss here,

Plenty of examples of secomdary disease of the valves from
overstrain might be given, but we know of none in which the
relation between eanse and effect appears to us so evident as in
the case of the heart changes prezent in ehronie renal disease ae-
companiced by high arterial pressure and hydroemin, h-nllll Elf which,
a5 has been seen, increase the work of the heart. This mereased
work lends to hypertrophy of the organ; but, over and above
this hypertrophy, disease of the valves is of specially common
opeurrence 3 Goodhart, for example, in hiz valuable paper on
* Anmmia as a Couse of Heart Dizease,” remarks that where “ there
has been prolonged regurgitation om the right sitlll.' of th:l:‘. heart,
the tricuspid Haps are generally considerably thickened.™  Ste-
nosis apparently never occurs in these cases, o says, also, that

5 Bovher, Virchow s Arekie, %1, 18681, p. &85, states that in thirty-three dogs
examined he econstanily found thickening of the septal dflap of the I:rit'llh|lli=|
valve, and the obher valves much more freqguaent]y diseised than hos penerally
been supposed. W nre acquainted with the appearmness desceibed by Reyher,
nd there is no reason to believe that we bhave been bed into error by mistaking
these for the pesults of aeute overstrain.
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aeldom, in casea due to p primary musealar fault, and to conse-
quent failure of the mitral valve by stretching, do we find the con-
dition of the mitral one of simple dilation of the orifice. Tha
chordme tendiness and the edges of thevalves are usually thickened.
There appears to be no stenosis in thsoe cases whers the failure is
die to 2enile weakness of the muscle, or to degeneration.

* Take, next,” he remarks, * another fact lozs well known than it
ought to be, namely, that in a large number of cases of chronic renal
dizease there is a notable, and sometimes extreme, thickening of the
mitral flaps.” “0Of 192 consecutive cases of chronic renal disease,
72, or more than one-thind, had zome thickening either of the

mitral or the aortic valves, or both,
cither thickened or actually contracted. The mitral Was Con-
tracted, and therefore very thick, in 9 cases, and all 9 were from
cases of pranular contracting kidney: 97 of the 192 cases wers
nular, and of thess 45 had more or less thickening of the valves.”
Goodhart states as hiz opinion that much of the mitral stenosis,
where there is no history of rll.eumatlsm, and which 15 s0 com-
mon in women compared w ith men, is the outeome of the
ehlorotie, mitral regurgitation which is 20 commonly met with in
girla and young women. With Goodhart's views on thiz subject
we entirely eoincide.

In 49%0f these the mitral was



