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INTRODUCTION

Cardiac decompensation has and will continue to present some
of the most important, as well as thé most interesting, problems of
medical practice. It is often quite simple for the physician to make
the diagﬁosis of heart failure, or even to recognize the etiological
background; dbut, not infrequently, little thought is given to the
impaired physiology present. With an understanding of the pathological
physiology therapy can be instituted with a much cleared conception
of its v;lno. To understand fully the physiological basis for the
sigﬁs and symptoms of chronic decompensation, it is first necessary

to comprehend much of normal cardio-vascular dynamiecs.

Naturally, since the scope of chronic cardiac deéonpensation
is s0 great, this article must have certain limitgetions. Thus the
eticlogy, pathology, diagnosis and therapy of this coqdition are not
at present our concern and will not be discussed here. Acute cardiac
_collupse which produces a different clinical picture and depends on
different functional disturbances also will be omitted. We will con-
sider mainly the impaired physiology of cardiac decompensation, which
cannot help but include a comparison of the "forward-failure" ;nd
"backward-failure™ theories of the pathogenesis of the clinical muﬁ-
.ifestatioas. Assuming from the start that there has been wide controversy
on most points under consideration, it will be impossible to state in
detail the important experimental works; but, on the whole, a comparison

alone of viewpoints will be considered. This paper will, in main, present



a review of some of the ideas of prominent investigators along the
line of cardiac decompensation. At many points it must be left to the
Judgement of the reader to determine the most plausible explanation

of the problems at hand.

Depending mainly on etioclogy the right or the left side of the

heart is asually involved alone at first. However, cardiac failure is

a progressive thing and usually eventually invol;es both sides of the
heart; thus it will not be attempted to divide conclusively left-sided
ér right-sided failures This divisidn may be justified on a theoretical
basis for explaining signs and symptoms, but never emtirely on a prac~
tical basis because of the interdependence of the heart chambers.
Mackenzie stressed the failure of the heart as a whole, and believed

no chamber could fail without affecting the others; however, he like-
wise felt that certain signs and symptoms were due primarily to failure
on one side or the other. On the other hand Koyz and Mendlowitz in
their experiments feel that one must define heart failure in terms of

a single chamber rather than the heart as a whole.

It is noted by many that discussions dealing with congestive

heart failure too often are confined to a consideration of the heart

alone. Such a limitatioen, obviously,_disrupts the continuity of the
theme, owing to the fact that decompemsation results in circnlatoryv
changes that influence the functions and conditions of various organs
and tissues of the body. There will thus be an attempt made to con-
sider changes other than those in the heart, but the prime importance

of the cardiac changes must at no time be forgotten.




HISTORY

The knowledge about the heart and its diseases began back in
the tim§ of Hippocrates. Galen first studied circulatory physiology,
but along wifh good experimentations he developed numerous inacecurate
theories, It remained for William Harvey to demonstrate the true nature
of the circulation. Stephan Hales was the first to measure the blood
pressure. In the 17th and 18th centuries early studies in cardiac

pathology were made by such men as Lancisi, Morgagni and Baille.

The modern period began with Corvisart, Napoleon's physician,
who made progress in diagnosis; and also saw the need tb correlate
clinical, pathological and physiological findings. TeRe. Har#ison
believes that James Hope deserves the credit for the first clear con-
ception of the"baek-pressuro" idea. He Mo Korns states that Robert
Adams deserves éredit for formulation of the "back=-pressure” theory in

1827, while James Hope substantiated it four years later.

William Stokes an Irishman, believed that too much stress had
been put on the importance of valvular 1osions,/und was the first to
insist on the paramont importance of the cardiac muscle in heart disease.
Julius Cohnheim first made careful studies on cardiac failure produced
experimentally; he fely that the manifestations of cardiac failure were
dependent on a ngorward-failure® (diminished output) as well as on a
"backward-failure”. Mackenzie insisted on the impertance of the i
iusclo, and had s-groat deel to do with the acceptance of Stoke's con=

ception. However, he remained unconvinced of the importance of the
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mechanical factor of the "back=pressure" hypothesis and became the

foremost exponent of the 6pponito or "térward-failure" theory.

Starling, Patterson and Piper demonstrated that the mechanical
energy set free by the heart when it passes from the resting to the
contracted state depends on the length of the muscle fivers, an; that
the venous pressure is the major factor in controlling the amount of
blood pumped by the heart. Some investigators believe that this werk
‘of Starling has practically decided the question of "forward-failure"
and "backward-failure" in favor of the latter. Koras and many others
feel that the oxcclleit studies of T R, Harrison and his collaborators
have done the most to round out modern conceptions of congestive failure.
It cannot be overlooked that at present there are still those who
strongly oppose Harrieon's support of the "buck-prossurcﬁ'thoéry. In
the following pagol an aétonpt will be nade to conpare the views and

evidence of some of these recent investigators,
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THE TWO OPPOSING THEORIES

As already has been mentioned, two theories have been advocated
by which to explain th; signs and symptoms of chronic cardiac failure,
namely: the "forward-failure" and "back-pressure" theories, There
has been much confusion and controversy as to whieh of these more cor-
rectly accounts for the complex changes that take place in chronic
congestive failure. Both hypotheses have sirong proponents and oppo=-
nents; but T. R. Harrison has done more to swing opinion in favor of
th@ "back—prossnro' theory than any other man. Up to the time of his
clearly defined diécuslion the majority of the clinicians in England
and the United States firmly believe in Mackenzie's"forward=failure"
hypothesis. Altschule, on the other hand, feels that neither theory
can accurately explain all of the changes, and that both theories
neglect the chemical changes which he boliovoi are so important in

the genesis of the signs and symptoms of cardiac decompensations.

It is generally accepted that the clinical manifectations of
ehronic‘cardiac failure are, in the end, dependent upon exhaustioa or
fatigue of the heart muscle itself. The "forward-failure" theory pre-
supposes that the clinical findings are due to an inadequate blood
supply to the tissues because the heart is unable to pump a sufficient
amount of bloods In the words of Harrison and the "back-pressure"
theory "holds thut‘the clinical phenomena of heart failure are brought
about bi dilatation of one or more of the chambers in the heart with a

consequent engorgement of these portions of the body on the venous side
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of the affected chamber"., According to K. S. Smith the term "back~
pressure" was originally used to convey the idea that regurgifation
of blood‘through valves of the heart is the cause for the aver-
burdening of the venous (inflow) side of the circulation, and that
tricuspid insufficiency is necessary because venous engorgement de~-
velops. Harrison, in support of this theory, has recognized and
demonstrated that engorgement occurs quite apart from valvular damage

or imcompetence.

The "forward-failure" theory is easy to understand and appeals
to common sense; because it explains, on one basis, all of éhe phenomena
of cardiac failure. This theory assumes that the cardiac output per f
minute is lowered in persons with congestive heart failure; that pro-
cedures which cause lowering of cardiac output, in proportion to the
metablois needs, result in an increased severity of the symptoms of
failure; and that clinical improvement is associated with increase in
the ourput of the heart., Studies of cardiac output and its relations

to these theories will be considered in the pages to follow,

Harrison summarizes the "back-pro#sure" theory in its simplest
form as follows: "Overwork of the heart leads to enlargement which
usually is brought about by both hypertrophy and dilatation of those
portions of the heart ugich are subjected to the increase in work.

If dilatation of a chamber becomes extreme, there results a rise in the
fresnurc in the veins which supply the affected side of the heart.

The increased venous pressure leads to congestion of the organs drained
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by these veins." The relation of cardiszec output, velocity of blood
flow, blood volﬁne and venous pressure to this theory will be reviewed

later,

Thus the latter theory states that the symptoms develope in the
organs which feed blood toward the failing chamber of the heart; while
.the former indicates that the symptoms develope in the organs which
receive blood from the failing chamber. Thus an alteration in intra-
capillary pressure is the point of prime importance in the "back%®
: preg:nfo" idea, whereas a change in volume-flow is the outstanding
feature éf the "forward-failure” thesis. In the following chapters
we will try to determine which of these theories most nearly suffices

to explain the cardinal clinical manifestations of cardiac failure.



PHYSIOLOGICAL CHANGES WITHIN THE HEART ITSELF

Failure of the heart affects the body as a whole, but as "cardiac
failure™ denotes, the changes start in the heart; thus it is no more
than correct that we consider the impaired physiology within that organ
first boforq going on to consider the pathogenesis of the signs and
symptoms of congestive failure. Naturally without the impaired physiol=-
ogy in the heart the subsequent changes in other tissues would never

ocCure

Bedford considers "the heart as comprises of two separate pumping
units, right and left, between which is interposed a vascular sponge in
the form of the lungs, which by virtue of their ready capacity to take
up additional bleed, play an important part in the mutual adjustment
of the two sides of the heart." Under normal circumstances these two
pumps work in exact harmony; tﬁe leftventricle quickly adapting its
output to correspond to the volume of bloed delivered to it by the right,
which thus sets the pace. Therefore Starling's Law of the Heart again
can explain the physiological adjustments by ihich the two ventricles
»ire maintained in equilibrium. Since the more powerful ventricle is
in front of the lungs, nature has guarded against their being flooded
under normal conditions, but whem, as occurs in certain dosorders, the
left ventricle is overworked, it sometimes fails to keep pace with the

right ventricle, and the blood accumulates behind it in the lungs.

As already stated, the stress has come to be placed more and more

on the state of the cardiac muscle. In the words of Harrison heart
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failure begins"when, in order to perform a given amount of work the
diastolis veluﬁa of the heart increases. Expressed otherwise it maybe
saild that the reserve power of the heart is beginning to fail when the
sizeof the heart is increased in proportion teo its output. Similarily
congestive failu;o may be defined as a state im which venous pressure

is increased disproportionately to the cardiac output, or as a condition
in which the heart can maintain a given output only when driven to do so
by a greater filling pressure. Heart failure is to be attributed, in

the main, to inefficiency tather than to insufficiency of the myocardium."

The theoby of myocardial inefficiemcy rather than insufficiency
is becoming popular and generally accepted. With this theory in mind
we may best consider the heart as a mechanical pump which is subjected
to infreased burden if there are incompetent valves, inflammation of
the myocardium or increased péripheral loade Like any machine its
effectiveness is measured by the total emergy which it uses that it is
able to put to useful work. Visscher feels that the maximum efficiency
of the heart as a machine is 25%, the other 75% being dissipated as
heat in the cardiac muscle. The normal heart has a large reserve power,
which is manifest in the difference betweer the maximum work capacity
ﬂnd the work the heart does at rest. Thus, as would be expected in
cardiac decompensation where there is aonstant decrease in the”reservg
power, the most prominent clinical feature is the progressive decrwase
in the amount of physical exercise which the patient can tolerate.
Visscher also mentionsthat the limitation in the total energy liberated

in congestive failure could possibly be due to an insufficiency, which




would correspond to the lack of fuel which might be supplied to a

steam engine; thus in certain conditions as fibrosis or infarction

of the heart, the cardiac muscle may be insufficient to carry out work
rather than being inefficient. However, he considers it more probable
that the limitations in the maximum amount of work be due to a decrease
in the efficiency with which the expended emergy is put to work. Thus
it might be well that a decline in the mechanical efficiency of the
heart muscle as a machine might be the basis of decompensation.
Visscher states that in the isolated dog heart, when decompensation

is present, its ability to liberate energy does not diminish but its
capacity to convert the energy to work declines. Starling and Visscher
found the oxygen consumption of the heart to be determined by tﬁo
diastolic volumes This illustrates that the oxygen utilized by the
heart is more dependent on the degree of dilatation than on the actual
work performed. Thus a healthy heart doing a given amount of work
with a small diastolic volume will require less oxygen per minute

than a poor heart which has to dilate to do the same work. The dil~
ated heart is therefore an inefficient heart because it can convert

relatively less of the energy expended into mechanical work.

Kotz ané Mendlowitz differ with the above investigators omn the
point of mechanical inefficiency being the basis for decompensation.
They have done work with an isolated heart circuit in which they can
c;uso failure with little or no change in the total diastolic volume.
They found that, with the development of heart failure, and with a

relatively unchanged diastolic volume, there is a progressive decrease
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in the work and oxygen consumption of the heart and little change in
its mechanical efficiency. Also, when the work of the heart was
kept constant, they found no change in the oxygen consumption or
mechanical efficiency despite a progressive increase in the diastolic
volume. They felt that heart failure had to be defined in terms of

a single chamber rather than the heart as a whole. This failure in a
chamber was thought to be due to an increased locad, a decrease in the
contractile power or both, of such degree that the chamber begins to
fail to do worﬁ which is placed upon it. They feel, therefore, that
"the loss of contractile power is manifected by a reduction in the
iotal energy release and hence work at a given diastolic volume and
(except terminally) not by a deerease whth which the liberated energy

is utilized for mechanical work."

Back suggested that heart failure may heppen for ome of itwo

reasons, namely: weakness of the heart beat, or increased resistance

to the discharge or to a combination of both. He further states that
when the heart "fails to adequately discharhe its contents, it does so
because its beat is insufficently powerful to overcome the resistance
its meets; therein is the cause of heart failure." He speaks of con-
gestive heart failure as a"funcj)ional condition™ almost always associated
with organic heart disease, and indicates that cardiac failure means the
inability of the heart to discharge its contents adequately and maintain
a satisfactory circulation. Apparently Back remains rather vague in
his explanation of why the beat is insufficient, and whether or not he

considers the beat due to an inefficiency with which the expended

energy is used.




As stated, most investigators agree with Harrison and disagree
. with Kotz and Mendlowitz, and thus attribute failure to inefficiency
of the myocardium. However, at this point, another obstacle arises,
and that is in trying to explaim why or how the myocardium fails.
There has been no entirely adequate answer as yet, and the vagle con=

ceptions we have will be mentioned later in this chapter.

The cardinal objective sign of cardiac disease is enlargement
ef the heart, and it ihonld be considered at this time. It has long
been known what diseases cause cardiac enlargement, but there has been
much dispute as to how it occured. The enlargement may be seen as
hypertrophy, dilatation, or, as usual, a combination of beth. It is
most widely accepted by the investigators in this field that the heart
dilates or hypertrophies because of an increase in the work it must
perform, This latter statement is true if we consider that hypertrophy
occurs indiroctly as a result of increased work, and view dilatation
as the basis on which hypertrophy arises, Eyster's excellent work on
cardiac dilatation and hyfertrophy has done much to prove the comnception
that hypertrophy occurs as the result of the muscle injury due to
dilatation. He has found that there is always an initial dilatation
which may disappoar early and hypertrophy result; thus if the heart
is examined at the end of the period of hypertrophy, the dilatation
has disappeared and a histologic picture of simple pyhertrophy alone.
He also concluded that prolonged overload is not essential te the
development of hypertrophy, the prime factoe being the stratching of

the heart muscle as a result of the overload, and that the hyperirophy
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occurs after this stretching even though the overlead is removed.
Thus emphasis is placed on the injury to the heart muscle from stret=

éhing due to the overload.

An occasional observer as Christian does not accept the idea
that hypertrophy is dependent, either directly or indirectly, om an
increase in work, but he rather favors the view that enlargement is
the result of disease of the heart muscle., Other investigators have
ascribed the enlargement to alteratioms in the nutritional state of
the heart. Post mortem examinations give the best evidence in favor
of enlargement of the heart due to increased work, the clinical picture
being correlated with the pathological findings. The basis for the
conception of enlargement due to increased work is the fundamental
physiological law established by Starling, which states that the
strength of contraction of the muscle fibre is dependent on the imitial
length of the fiber. Thus it would make little difference whether
greater strain is thrown on the individual muscle fiber, because of
other fibers with consequent inability te carry their share of the load.
Therefore, Harrison states "that cardiac hypertrophy seems to be 2
physiologicil response to piolengod and contifjuous overwork of the
organ and that the process is not a dystrophy as is implied by those

who believe it to be a disease process in itself.”

It is rather important to consider the relationship between
hypertrophy and dilatation of the heart. The differentiation of these
two states clinically is difficult, and depends upon inference from the

patient's history and clinical state rather than upon actual objective
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findings. Formerly it was believed that hypertrophy was a compen=~

3L satory process, while dilatation was pathological and undesirable.
This view is no longer held. T.R. Harrison and W. G. Harrison feel
thi;ﬂdilatation does not folloi hypértrophy, but preceeds and pro=

1 badbly causes it. Thus they agree with Eyster that by hypertrophy is
caused by dilatation, but they disagreee in that they believe that the
overwork of the heart must be prolonged in order to produce the hyper~
1‘trophy. They consider that dilatation is the normal immediate reastion
; to increased work; this, if prolonged, tends to produce hypertrophy |,

? after a time (the exact mechanism of which is not known). This hyper=
?’trophiod muscle, being stronger, is able to do the work with shorter
initial length; thus, Harrison feels that the dilatation disappears
?-l‘nu large measure. There are others who feel that increased load

f on a resting chamber produces primary dilatation, while increased

: load on a working chamber produces primary hypertrophy. Perhaps this
; latter group recognize the early initial dilatation which calls forth
- hypertrophy, but fails to give it importance in view of the prominence

~ of the hypertrophy present.

Visscher stresses the importance of the dilatation of the heart,

f and states that the failing heart adapts itself to a new level of filling.
:CHO considers that "a small heart means a small systolic volume of

? iosidual blood, and that an enlarged heart is due physiologically to

;an increase in the residual blood after systole, which in turn, is due

l?to the fact that the ventricular muscle in one chamber or another is
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unable to do the work required to empty the chamber.”

Thus, as already stated, the more the muscle fiﬁors of the heart are
stratched at the beginning of contraction, the more energy is liber~-
ateds It is then this property which allows the heart to adapt itself
to the iurying loads in the normal state and also permits the heart

to function at all when it fails. Tperefore, if the increase in re-
sidual blood did not give an increase in the amount of energy, the
residual blood would progressively increase as soon as failure began,
and soon the ventricle would dilate to a fatal limit. Thus in heart
failure the heart may adapt itself to a new level of filling and be able
to carry on. Therefore, from practically any viewpoint, it must be
admitted that Starling's law of the heart seems to account for some of

) :
the important clinical aspects of the failing heart.

Harrison sums up the discussion of hypertroply and dilatation
as following: ™"Both of these processes are originally compensatory
adjustments to an increase of the work of the heart in proportion to
its strangth. Dilatation, by which we mean an increase in the length
of the fibers relative to their width, is the immediate respogse and it
offers a chemical advantage because of the greater surface and consequent
opportunity for chemical interchange between the blood and its fibers.
But dilatation puts the heart at a mechanical disadvantage because it
incteases the energy expenditure for a given amountof work. By some
~ means, as yet unknown, this disproportion between the lemgth and the
diameter of the muscle fiber which has been produced by dilatation

leads to hypertrophy, i.e., to increase in the width of the fibers,

-
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and thereby the original relation of length to diameter tends to be
restored. However, conditions are not the same as they were in the
beginning because the mass of tissue to be nourished has increased

as the square of the radius of the fiber, wehereas the surface of the
fivers through which the nutrition processess must take place has
only increased as the first power of the radius. The hypertrophic
muscle fiber, while offering a mechanical advantage, suffers from a
chemical disadvantage and its tendency will be to dilate further when=-
ever conditions of stress arise. The vicious circle thus inaugurated
from processes which were originally benign and compensatory adjust=-
ments tends eventually to produce congestive heart failure with its

train of untoward phenomena."

As mentioned above, no one as yet has offered an entirely
adequate account as to why or how the myocardium fails. The question
of nyoc;rdial 1nef£iciency has alregdy been discussed. Hermann and
Deckerd, Fishberg, and Harrison as well as many other investigators,
Save found that the anatomical findings in themselves often fail to
show satisfactory correlation with the functional status of the heart.
The term "fatigue™ has been applied to this lack of knowledge, and
Harrison believes‘that eventually the true physico-chemical processes
which underlie fatigue of the heart will be understood. Fishberg has
already pointed out the importance of inadequate blood fléw, infection,
and abno;mal rhythm in the development of fatigue. "Fatigue" is used

to describe the opposite of tone, which means the same as fitness.



-1%=

The following is Starling's description of fatigue of the heart:

"A heart in good conditioﬁ, i.es, one with a good tome, will carry on

# large circulation against a high arterial pressure and nearly empty
itself at each contraction, while a heart with a defective tone, as

in the case when it is tired, can carry on the same circulation but

only when its fibers at the beginning of each contraction are much
longer, i.e., when the heari is dilateds In the latter case the

eutﬁut of blood will be the same as in the former, but both the systolic
and diastolic volumes of the heart will be increases.” Starling also

stated: "But the demomstration of the comnection between dilatation

of the heart and energy of contraction does more than merely bring the
behavior of tﬁis organ 1n§o line with that of voluntary muscle. It
enables us to form a picture of what is oceuring in the heart in all
the vieissitudes and changes in stresl to which it is exposed in the
course of a man's life. Thus, if a man starts to run, his muscular
hovements pump ;ore blood into the heart, so increasing the venous
£illing, while the central nervous system, by contracting the arteries
of the abdomen, increases the peripheral resistance, raides the arterial
pressure and forces all the available bloed through the active muscles.
As a result the heart is overfilled during diastole, and is impeded
from emptying itself in systole; its volume both im systole and diastole
enlarges progressively until by the lengthening of the muscle fibers
so much more active surfaces are brought into play within fibers that
the energy of the contraction becomes sufficent to drive on imto the

aorta during each systole the largely increased volume of blood
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ﬁ entering the heart from the veins during diastole.

"In these circumstances therefore the heart is dilated. But

&Aln a he#lthy individual this condition is only temporary. A rise of
}Aartorial pressure produces a more abundant flow of blood through.thc
i'vo-sels supplying the wall of the heart, and this increased supply of
;vuiygen and foodstuffs improves the physiological conditions of each
&‘iu:clo fiber, so that at each contraction it is able to concentrate a
g'largor number of active molecules on each unit of active surface than

; it could previously. The physiological condition, or what we are
?‘uccaltoned to speak of as the ttone'of the heart, is thereby improved
?\and the heart gradually retura# to its normal value even though it is

F doing increased work. It is omly when the heart is fatigued or dis-
eased that this secondary improvement fails to appear. Whoﬁ we find

that the heart remains dilated over the whole period of increased work,
L'lnd if the work is prolonged, this dilatation may become permanent .

E:In a failing heart the concentration of active molecules per unit surface
“ioeonol less and less, so0 that this surface has to be continually

‘} increased by dilatation of the heart. If this goes on sufficiently

;. long the dilatation may pass the optimum length of muscle fiber and the
muscle than has to contract at such a mechanical disafvantage that the
heart fails altogoth‘r. With the failure of the 'prime mover', all

other mechanism of the body stops work, and the animal is dead."

From the above it is evident that Starling thought of cardiac

fatigue as being manifested in the first place by dilatation of

-



increasing degree, the cardiac output remaining constant. The question
of cardiac output and venous pressure in relation to the clinical

phenomena of cardiac failure will be considered in a later chapter/

As already stated, Harrison feels that heart failure is a
question of inefficiency and not insufficiency. He states that "in
{ comparison with the normal heart the fatigued and dilated heart of a
i patient with congestive failure has to consume more oxygen in order to
% pump a given amount of bleod against a gifon resistance. This ineffi=-

k ciency constitutes the cardinal physiological change associated with

: congestive heart failure."

Harrison “alse believes that there is a definite relation of

. of the hearte The advangage is that an increase in pulse rate makes

i it possible for the heart to pump 2 given amount of blood per minute
f?with less dilatation and hence lower the venous pressure somewhat. The
;zkarnful effects of the tachycardia offset the above, in that the greater
;thc rate the more frequently energy must be used in opening the semi~
élunar valves, and this emergy is not used in propelling blood. Thus

& given minute output can be accomplished more efficiently with a slow
;than with a rapid heart rate. There is marked clinical evodence of the

7!{..1§agus effects of tachycardia in persons with enlarged hearts.



Eyster has experimentally shown how tachycardia and abnormal cardiac
?'rhythms decrease the efficiencymof the heart. Tachycardia, as well

} as increase in the work of the heart on a direct toxic action, may

k. play an impertant part in producing congestive failure im cardiac
patients when infections or severe emotional disturbances irc present.
Research shows that tachycardia is harmful because it increases the
oxygen needed by the heart to do given work, it interferes with the
blood supply of the heart, and it may not allow enough time for oxygen

. diffesion into the muscle fibers, especially if they are hypertrophic.

Most investigators will agree that there is a wide field for
Q research along the line of chemical changes in the failing heart, and

- of what consequence these changes are. Wilkins and Cullen have studied

~ chemical changes in fatigued hearts. They found decreased potassium,

b phosphorusa and magnesium, and an increase in sodium. Marked differ-
ences in calcium were not found. The total base was usually some less

‘ in cardiac patients. These fatigued hearts were richer in elements

i which are normally more abundani in tissue fluids. The interpretation

2 of these changes in electrolyte content is as yet not cleare. Some

| differences are due in part to edema fluid. A change in permeability

{;ot the~membranes of the muscle fiber may be increased. As far as we

lﬂknow these changes may tend toward producing further fatigue of the

_ heart; then, on the other hand, any such trend may be compensated for

by other chemical alterations as yet unknown.




Herrmann and Decherd have done work along the line of the
fkehemicsi changes of heart failure. As stated, they also neted that
i‘anttomical findings often fail to show satisfactory correlation with
l-fhc functional status of the failing heart. A derangement of the

! physio-chemical processes concernéd in cardiac muscle contraction has
: long been suspected. Meakins directed attention to the newly estab-
{ lished facts concerning phosphocreatine or phosphagan in skeletal

3 muséle physiology, and commented upon a possible analogy in heart

1 muscle functions. Meakins also stressed the importance of cardiac
glycogen and lactic acid formatiom as affected by oxygen definiency
and acidosis and other metabolic disturbances, and he related them to
| failure. Many have stressed the fact that the cardiac muscle fails
to function properly when there is oxygen want, insulin deficiency,
or a defect in c;rd}uc glycogin metabolism. Thus oxygen, insulin

and glycogen are essential to good cardiac contraction., After all the
glycogen in the body is lostthere is still some in the heart muscle,
3 because it can oxidize lactic acid and use it over and over. As soon
as the oxygen supply is shut off the glycogen in the heart quickly
disappears. It seems, therefore, logical to many that myocardial

fatigue results by reason of its glycogen lack and anoxemia.

On data collected by Herrmann and Decherd it was apparent that
some conditions which may contribute to heart failure may play a
' role in changing the creatinine and phosphorus content of the heart
ﬁ‘nuscle. They found subnormal myocardial total creatinine in hearts

from patients who showed ngtriking anemia, conspicuous asphyxia as a




result of strangling, acute or chronic pulmonary disease,syphilitic

. aortitis or coronary aeterial disease"., In their studies hypertro-
phied hearts, which had not failed, from hypcrtensiva patients who

died of cerebral hemorrhage, and from chronic valwular disease cases

4 showed normal or high creatinine values. Exferimentally produced
hyperirophy was always accompanied in the early stages by a building

- up or retention of creatinine and always by an actual increase.

Lowered total creatinine values were found in the pneumonia heart.

; !h-y stressed the fact that the apparent tendency of digitalis to
é‘étnuo elevation of the tofal creatinine is significant of a chemicgl

f myocardial action. In failed hearts it seemed that the total creatinine
- and creatine, total phosphorus and acid soluble phosphorus were re=
i,iucod. Whether these chemical changes are the cause or result of heart
- failure could not be answered. These authors considered the possibility

; that some conditions lead to creatine and phosporus losses from human

. hearts and this results in cardiac weakness. Thus they extended Harrison's
. physical theory of circulatory failure to possibly include inevitable
I;liochenieal changes in heart muscle to account for myocardial
;finlufficiency (inefficiency).

Visscher has given an excellent account of the importance of

~ the coronary circulation in making decompensation a progressive pheno=

?n&nen. He believes that the progeessive nature of heart failure is

iiuo to certaia vicious cycles which are set up. To understand his ex-
%)lanatioa a few fundamental facts about the corenary circulation should be

ﬂumdorataodo Visscher sketches the coromary flow as below:
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Partition of the Coronarz Flow
Coronary arterial blood
Arteriols
Capillaries
Garénary sinus Thebesian veins

Right atrium Right and left heart

Fig.l

The importance of this divided path cam be understood when it is
}{ronlizeé that the flow in the coronary system depends upon pressure

: gradients, the magnitude of flow through each of the channels depending
énpon‘the pressure gradient in each situation. The greater share of blood
fllpplying the left ventricle emerges through the coronary sinus, while
;:the larger share supplying the right ventricle goes into the chambers of
iu*h. right heart via the Thebesian veins., The pressure difference between
;‘tho aorta in diastole (when the most flow occurs) and the coronary sinus
?;1- the pressure gradient of greater importance for the left heart.
%!hurofore elevations in préssuro in the coronary sinus impede the blood
iflo' $hrough the vessels of the left ventricle because they result in a
idOcroase in the pressure gradient. The pressure gradient between the
:asrta and the right veniricle primarily determines the coronary flow

ithrough the right ventricle. Visscher gives the following table:
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Factors Influencing Coromary Blood Flow

1. Aortic blood pressure (primarily diastolic
because most of the flow through the left
ventricle is during diastole).

2, Systemic venous pressure (controls the pressure
in the coronary sinus).

3+ Right intra-ventricular pressure (controls the
flow from the right Thebesian veins).

4, Chemical and nervous factors influencing the
bore of the coronary vessels.

Fige 2
Visscher then carried out experiments with cannulae to control
iiho above factors, the blood was collected from the coronary sinus and
;st the output of the right which receives only Thebesian vein bloed.
;!hui ke had control of all the gradients which determined the coronary
}flow. He found that, if he held the aortic and pulmonic pressures con~-
;ltllt and raised the coronary sinus pressure, there resulted a decreased
:anonnt of blood from thf coronary sinus (normally 50-60% of coronary

8
i

blood reaches the coronary sinus). If, on the other hand, he held the

ﬁtortie and coronary sinus pressures constant but raised the pulmonary
}lrtorial pressure, there resulted a progressive relative increase in the
iflel into the coronary sinus because the Thebesian flow into the right
ihoart frll off; this latter resulted in impairment of the nutrition of
i@ho right ventricle (the oxygen in the Thebesian blood has been propor-
cﬁionally more removed, and the muscle is working uander less favorable
'@onditions). Visscher thus charted the changes seen in Fig.3. From his

~k£ndings Visscher was able to realize the vicious cycle that takes place
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make chronic cardiac decompensation a progressive phenomena. 1In

{y‘. b he gives the progression of heart failure as influenced by cor=

Physiological Properties of the Normal and Failing Heart

Normal Failing
stolic volume residual
blood Small Large
Atrial pressure Low High
4 6 cm.water 15 cm. water
i,iieloncy of doing work High Low
: (20%) (as low as 1%)

Fig. 3 (From Visscher)

Below is the visious cycle as seen by Visscher which tends to
fﬂ e cardiac decompensation a progressive phenomena.
Initiil Stigo

Increased residual blood in left
ventricle (systolic volume increase)

Impaired function of Elevated left

left ventricle atrial pressure

Decreased coronary sinus Increased pulmonary

blood flow venous pressure

Increased right Increased pulmonary
atrial pressure arterial pressure
Impairment of function Increased right

of right ventricle intraventricular pressure

Decreased right Thebesian flow
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Fig, b

From these investigations Visscher was able to draw certain
important clinical conclusions. He concludes that the left ventricle

- can carry increased loads for long periods of time without serious em=

rangements of its coronary flow (only a small fraction by Thebesian

;hllllill in the left heart). As long as no pulmonary engorgement occurs

'310 left 1ntrn-ventrieular pressure in diastole is not a determining
:1letor in the regulation of the coronary flow im the left ventricle.

1@&. case of the right ventricle is very different because venous pressure
;IOVlﬁiﬁn ér increase in the pulmonary arterial pressure tend to restrict
‘the coronary flow. Pulmonary hypertension is usually associated with

?Olnrll venous pressure elevation and both ventricles are functionally

"pllrgd.

Thus the function of the heart depends on its oxygea supply which

?ll be diminished by altering the pressure factors or the oxygen carrying

power of the bloods Anginal symptoms do not always occur in cardiac
anoxia, and they rarely occur if the decrease in oxygen is gradual. From
much of the above discusskon it can be understood how the general signs

heart failure are more common with a reduction in the hypertensione.
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From kis investigation Visscher concludes: "It will be seen

%é;t the failing heart is a muscular machine in which the amount of

:;urgy needed to do its work has increased and that its ability to
ikberste energy depends'upon its oxygen suppli. Oxygen supply is in

n determined by the coronary flow which again depends upon pressure
{ietors. It happens that the pressure elevations which occur in heart
Eillnro are those which tend in themselves to diminish coronary flow,

};d therefore the nutrition of the heart. Thus these factors arrange
{fnnselves in a vicious cycle, and therefore cardiac decompensation tends

J

be a progressive phenomena.

With these changes in physiology in the heart itself in mind, we
iy outline, in the chapters to come, some of the important physiological
i?tnges which play a major part in the pathogenesis of the symptoms and

}igns of heart failure.
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LEFT AND RIGHT HEART FAILURE

Before progressing into a consideration of the pathogenesis of

io signs and symptoms of congestive heart failure, it may be wise to
eview briefly a few facts concerning primary right or left heart
;iltro. It is generally accepted that there is an interdependence of

?- cardiac chambers in the maintenance of efficient circulatory functiom.

? ending mainly on etiology, either the right or the left side of the

ﬁ'rt is predominantly involved. Clinically one-sided failure may exist

jeart usually fails. Thus, on a theoretical basis, for explaining signs
?! symptoms, the failure of each side may be considered separately;
{‘ovor, on a practical basis, the progressive nature of failure (as dis-

:'lod.in the last chapter) and the interdependence of the chambers must

ot be forgotten.

Korns feels that by studying the right and left heart failure
%ﬁsrntoly the entire problem is reduced to its simplest terms and the

day case of bilateral congestive failure can be apprehended more
,;lrly. Primary left ventricular failure is more common since the left
iffriclo is more often subject to strain, particularily as the result
‘;hyportensien, aortic stenosis or regurgitation and occlusion ofktha
tgvonding branches of the left coromary. The right ventricle is affected

iﬁuly by mitral disease, chromic pulmonary disease, congenital pulmonic
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‘stenosis, and as a result of progessive failure of the left ventricle.

In clinical terms, left heart failure implies pulmonary engorgement
Ebphind weakened left ventricle, without systemic venous congestion and
;;tc consequences, and with a normal venous pressure., Harrison defined
{1§£t heart failure as a failure of the left ventricle to maintain a nor=
ﬁu&l output in the presence of a normal filling pressure. The dominant
i#linieal manifestation is pulmonary congestion and edema, which may be
{hblnrvod in all degrees. The symptoms may be noctural cough, slight
Eq‘oozing, expectoration and hemoptysis on up to severe hypernea, dyspnea,
lnl air hunger. One may class the maniqutations a&s paroxysmal pulmonary
{?ongcstion, pulmonary congestion of effort, or chrqnic pulmonary con=-

_f ;tion. Basal rales are usually present. The congestion may ewen involve
i@ho Pleura and hydrothorax result. Cheyne-Stokes breathing is sometimes

” manifestation, as also is angina. Cardiac manifestations are varied,
-¥lchycurd1a being the rule, with gallop rhythm, pulsus alternans and
1firicu1sr fibrillation sometimes noted. At first there is a hypertension
An the lungs which enables the inefficient loft ventricle to maintain

%1: output for a fime; next there is stasis and edema of the lungs against
}ltch the right ventricle séruggles awhile, though eventually its yields,
f”fording some relief for the congested lungs. Thus the pulmonary hyper-

fonsion is looked upon as a compensatory adjustment by which the diastolic

gllling and hence the output of the left ventricle is maintained.

Right heart failure is much less dramatic symptomatically than

fﬂileft heart failure. If long standing, however, it may result in severe
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‘,fﬁoativo symptoms as loss of appetite, persistent nausea, vomiting or
:;nl pain in the region of the stomach and liver, Shortness of breath
tjg be enough to tire the patient, but it usually lacks the strangling
}iclent of true dyspnea. On the other hand the objective manifestations
ire very apparent, and may include odema, venous distention, visceral

congestion wiih pPalpable enmlargement and tenderness of the liver,

udation inte serious cavities, oliguria with albuninuria; cyanosis and

tran-

eased cerebro-spinal fluid pressure. If tricuspid insufficiency
f elops the signs become more pronouncod,‘and there may be marked cen-

?:tngal pulse into the cervical veins and the liver.

- Brill bhas considered cor pulmonale from the clinical aspect,
fvintorprets it in a broad sense as including all types of cardiac

Fasin and failure in which the right side of the heart is importantly

4 lved, either as the initial circulatory disorder (primary cor pul=-
onale) or as consequence of an antecedent failure of the left side of

:  heart (secondary cor pulmonale). In most cases the immediate cause
L‘II obstructio; or increased resistance to blqed flow within the pul-
‘;Iry circulation at any peint between the pulmonary conus and the mitral
ijo. In a few cases as in congenital éeptul defects and in organic
.Ethpid regurgitation, right sided strain and failure may result in
5 :flonce of the above. The ratio of primary and secondary cor pul=-

Salo is one to five. The most common type of right sided heart failure

i;, is the advanced stage of general heart failure (secondary cor
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onale). The immediate cause of secondary cor pulmonale is the

onary‘congestion and the consequent increased resistance to the
fonurj circulation resulting from the antecedent failure of the
left ventricle. The remote causes of secondary cor pulmonale are

naturally conditions which cause failure of the left side.

We have thus quickly reviewed the signs and symptoms most
monly the result of failure of one side or the other. We may now,
f the chapters to come, consider the many controversal physiological
ges in the body, and how different investigators derive the path=

{\loais of the clinical manifestations of heart failure from these

teagos.
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MAJOR PHYSIOLOGICAL CONSIDERAT IONS

We will now attempt to review some of the proposed alterationms

k these changes up in the pathogenesis of the primary signs and

i?tens of chronic cardiac failure. As will be easily seen, there
J}oout controversy concerning many of these alterations in phy-
plogy, and many of the points are undecided and have insufficient

'foneo as yet for their supporte.
A. The Cardiac Output

By far one of the most controversal and impertant subjects
onngcstive heart failure is the question of cardiac output. It
in the basis of changes in cardiac output that the entire theory
?Iorward-failaro" is founded; this theory assumes that the cardiac
. ;

it per minute is subnormal in persons with cardiac decompemnsation,

improvement in the clinical features is associated with am increase

rdiac output in proportion to the metabolic needs necessarily

t in an increase in the severity of congestive failure.

Harrison believed the majority of methods for detorgining

;iae output were inaccurate. He considered the Grollman acetylene
aoi one of the most accurate, and using this method he studied
'}1ae output in numerous subjects. In general his conelusions were

t the above assumptions of the "forward-failure" theory based on
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f;rossod cardiac output were not carried out. He found that the
f;put per minute of tge heart, in relation to the metabolic needs,
ff;sually subnormal in cardiac patients, that in certain cases it
! within normal range and rarely in the upper limits of the normal
’:ac. The stroke volume was nearly always subnormal in patients

T\ sympfoms, the accelerated heart rate playing an important role
;3. He found that patients without heart disease have normal car-
ac outputs, with the occasional exception of one who had an output
:10' or lower than the majority of those patients with cardiac dis-
;,rco Likewise, patients with congestive failure were found, in
;3rll, to have outputs within the same range as those of patients
cardiac disease but without congestive phenomena. Clinical im=-

il ments with the disappearance of congestive manifestations showed

Tninnte. Harrison's conclusion was that various therapeutic
’Euros which produce benefit in persons with congestive failure

éot ordinarily produce an increase in cardiac output, and that
%EIflnt effects are found from digitalis and diuretics, while rest
;ilooding decrease the output. He also produced logical arguments
%'ut, according to the "diminished output" theory, any measure

l? increases the output of the heart in relation to the metabolic
:frhould be beneficial. He then pointed out that there is such

increase in recumbency as compared with the sitting position, and



-3#—

have deleterious effects on the congestive manifestations.,

;; Since he concluded that the above arguments put the "forward-
giro" theory om rather shaky ground, Harrison took up his defense
ﬁ‘e Qbaek—pfessure" theory. According to him this hypothesis.

' not imply that the output of the heart is subnormal continuously
f';hout the duration of congestive failure, but rather implied

it there is a reduction in the output for a few seconds or minutes
thile. An example given in Harrison's own words can best explain
::V"Lot us take a case of hypertension and assume that the left
i{ielc is hypertrophied and dilated but has not yet 'failed', i.e.,
?;rcssuro in the left auricle is normal. The output of each ven=-
ele is, let us assume, 40 cc. per beat, and the minute volume 3.2 f
?ts, the pulse rate being 80. Now if the left ventricle becomes

é%&lo more fatigued it may expel only 39 cc. per beat. For a

period of time, however, the inflow into the left ventricle will

iihuc to be 40 ce. éof beat and hence after ten beats it contains

i@. more blood at the end than it did heretofore. As the left ven~-

becomes more dilated the pressure in it rises a little toward

ilattor end of diastole. Hence, the left auricle, which still has

é;lltored pressure curve, now expels only 39 cc. per beat into the

fjvnntricle-- the rate of clow being obviously affected by the dif-

ééeo in pressure in the two chambers., But the left auricle is still

h?ving 40 cc. of blood at each heart beat., If it is expelling only
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Ef. it is retaining 1 cc. at each beat. Since the left auricle is
ifdistensible it may ratain considerable blood without a rise inm
f‘lro, but eventually its pressure will rise. Let us assume that

f*ll‘ rgquirod is that of thirty heart beats. The difference in
ssure between the two chambers is now the same as it ias in the
‘ ning, and hence not 39 but 40 cc. of blood passes from the left
fplc to the left ventricle during each diastole. But the latter
Hﬁir is now able to Seat a little more powerfully because of its

stolic length, i.e., dilatation, Hence it again expels 40 ce.

¢ ;f"!he cqnditions in the pulmonary circuit undergo change however,
gfhg as the proa;nre in the left auricle rises, less blood enters
;%oft auyicle than formerly. But since the right ventricle is still
‘gling 40 cc. of blood at each heart beat, the pressure in the

1 circuit rises as bdlood accumulates in the lungs. Because of
sppnge-liké consistency, and also because tﬁeir cappillaries

ique in being surrounded by air, it probably takes a relatively
volume of blood to cause a small rise in the pulmonary vascular
v}uro. Let us assume that 200 cc. of blood would suffice. (This

E»is purely arbitrary but seems of reasonable magnitude).

"This rise in pressure now corresponds in degree to the increase
pressure in the left auricle. As a result 40 cc. of bloed again
r the left auricle at each beat. So far as volume flow is con-

the conditions are now exactly the same as they were in the be-
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% 3; each ventricle is now expelling 40 cc. per beat, and, if we
the pulse rate has remained constant, the cardiac output per

IE is exactly what it was in the begirning. In order that this
;iogcur, however, the following changes have taken place:

| l. A temporary decrease in the output of the left ventricle.

2, An increase in the degree of dilation of the left ventricle.

3¢ An increase in the size of the left auricular cavity and in
the left auricular pressure.

fkao An increase in the pulmonary vascular pressure and in the
volume of blood in the lungs.

5« A diminution of vital capacity because of (a) the greater
content of blood in the lungs and (b) the resulting increase
in rigidity (for the lungs can be regarded as erectile tissue).

6. 4 slowing of the average velocity of blood flow in the lungs=-
for the size of the stream has increased but the volume flow
has not changed.

f 7+ An increase in the work of the right ventricle because of
4 the rise in pulmonary pressure. The ventricle consequently
dilates and, after a time, may become hypertrophied.

Q 8. A loss of 240 cc. of blood from the peripheral circulation

' (10 cc. into the left ventricle, 30 cc. into the left auricle,
and 200 cc. into the lungs). Hence, if the amount of blood

in the peripheral circulatory system is to be as great as

before the total blood volume must increase by 240 cc."

i From the above it can be seen that even a very mild degree of
i}hftilure leads to rather complex changes in the various circulatory
 }ns. Also it is seen that a temporary and small reductionm in
output, without significance from the standpoint of tissue

‘supply, may have an important and very lasting effect on other

A

latory functions. Thus Harrison concludes that "if the 'back-
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iiur.' theory is correct it would seem that the explanation of
) clinical manifestations of congestive heart failure should not

fought in the cardiac output but rather in other functions, such

We G, Harrison agrees that in general there may be a slight
%Oll. in cardiac output during heart failure. He also feels that

f change is not constant, does not go parallel with the severity

%.; disease, and does not show a parallel relation with the clin-

; improvement of the patient under drug therapye. Thus he does not
lthat the decreased output is the major cause of the signs and symp-

? of heart failure.

Altschule also feels that in general it must be concluded that
H%inntion in the cardiac output relative to the metaboiic require=~
of the body is the rule in congestive failure, and that the
i:orated heari rate accounts for the increased diminution in out-
{)or beat as compared with tho’decrealo per minute. He suggests

i in cardiac decompensation the output of the heart does not in-
:lo'lormzlly in response to work, since it is will kmown that in

| jndividuals a small increase in venous pressure gives a marked

fitso in cardiac output, but such is not the case im congestive

Altschule then comsiders that the decreased output in failure

e due to three things, these being either rapid heart actionm,



Qaricular fidbrillation or weakness of the myocardium (the latter

{’1ng the most common)., He also concludes that there 1# a decrease
in cardiac work in heart failure, since the work of the heart is dir=-
i»tly proportional to the cardiac output. He disagrees with Harrisen,
does not believe that diminished cardiac efficiency rather than
;bv output determines the pressence or absence of congestive failure.
i e following statement is a summary of Altschule's ide;s: "Changes
cardiac dynamics can influence tissues only through cardiac output
\?l\venous pressure. Cardiac efficiency is interesting and important,
i?t is not directly responsible for the development of the signs and

h ptoms of congestive failure." However, in stressing the importance
% lowered cardiac output in the pathogenesis of the clinical phenomena
} heart failure, Altschule would seem to contradict himself to some
egree when @e states that the severity of the signs and symptoms does

parallel the decrease in the output of the heart.

McGuire and his assistants have done some concentrated studies
? cardiac output. He recognizes the controversy between Harrison on
;p side and his opponents on the other. He considers the normal
itpnt of the heart to be 2.2 liters per minute per square meter of
;jy surface. He explains the occasional normal or super-normal out-
ut found, in that certain factors known to elevate the output of

1l hearts are usually present during decompemsation, as exercise
lfociated with hyperpnea, elevated venous pressure, increased meta~-

%ill, anxiety and apprehension, and low grade fever. Thus he
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ffl that the disease of the myocardium diminishes the systolic
e of the ventricle (invariable decreased in relation to the
ﬁ;ttod physiological activities of the decompensated patient),

the initial factor responsible for cardiac failure., This

f;od output produces increased intra-venous pressure (back-
) and diminished peripheral flow (forward-failure)

eouslye.

g McGuire at al. also did studies on the cardiac output in
F%ltion and decompensation in the same individual, and studies

o influence of exercise on cardiac ocutput in congestive heart

f e In the latter sfudios it was found that normal subjects
;1tverage increasodvtheir output 2.07 liters per minute, patients
i«lpensatea cardi#é disease increased cardiac output on the

19 1421 liters per minute, while patients with congestive heart

ic averaged .75 liters per minute increase in output following

15€e

i,HcGuire felt that Harrison's studies had convincingly demon=-

g- that back=pressure is the principle factor responsible for the
ial manifestations of congestive heart failure; h;wevor, he con=

i that the simultaneous reduction of forward flow with the fre-
;locreté; in oxygen saturation of arterial blood and the reduction
/ volume of biood supplied to the tissues are probably contri-

ry factors (these will be discussed in the next chapter). He
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icludos that back-pre#sure is the principle mechanism responsible
%‘the symptoms, but that the "forward=failure®™ and "back=pressure”
finrn cannot be divorced and that they develop simultaneously as
{_rosnlt of decreased cardiac output and operate conjointly teo

? uce the clinicel manifestations of cardiac decompensation.

Thﬁs the controversy concerning the place of cardiae output
? esses, with each and every investigator, evem though finding
‘main the same changes in cardiac output, giving a different inter-
tfsiion to the importance of the cardiae output in the pathogenesis
?5h‘ clinical features of congestive failure. To this writer it
ms that Harrison, as a whole, gives the most thorough and convin~

7  argument.
B. The Circulation Time

Practically all investigators agree that the velocity of the
flow is reduced in congestive heart failure., We. G. Harrison
fttbn gone so far as to say that the circulation time is of greater
;ificaﬁce in prognosis than the venous pressure. Bedford states
} the arm to tongue circulation time is always increased in left=-
failure; if the arm to lung time is substracted from the arm to
5,0 time, an index of the pulmonary circulation time (normally 4.5

10 seconds) is obtained, and this is always increased in left heart

Te Re Harrison also notes a reduced velocity of blood flow,
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% he does not believe that this should be interpreted as indicating

}patients with congestive failure, measurement of this time is of
e in telling between dyspnea due to cardiac decompensation and that

; to pulmonary disease.
C. The Blood Volume

In the view of most investigators there is an increase in the
;;d volume in patients with congestive heart fa;lure. Numerous ex=
¥ ~ents, which will not be mentioned here, have proven this view.
f?ison feels that the failure of patients with cardiac decompensation
%Oxhibit marked weakness e;rly is probably due to their compensatory
crease in blood volume. He illustrates by comparing a persom with

ck, who not only has a subnormal cardiac output but also relatively
??y capillaries, with a patient in decompensation who may have

f;‘iy low cardiac output, but has a greater number of opem capill-
j;! because of the increased blood volume. The exchange of substan-~
:-botweon the tissues and the blood is dependent on the number of

capillaries as well as on the rate of blood flow. The origin and

jffli. of this increased amount of blood is as yet unknown.

Altschule feels there is a high degree of correlation between

at the volume flow, i.e., the cardiac output, is likewise diminished. :
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onverity of the signs and symptoms of cardiac failure and the
iionse in blood volume. He believes that the inereased blood

‘} e is responsible for only a asmall part of the venoue pressure
since diuresis causes marked decrease in volume and only small
inges in the venous pressure. General vasodilatation, as suggested
]#he increase in the number of capillaries visible in the skin is
i{tbly related to the abnormally large volume. The increased

may represent an attempt to compensate for the low cardiac

?*tg this is understood if one considers that anoxemia results if
‘}blood flow through a unit volume of tissue is low, and that larger
%-e of blood kept in contact with a unit volume of tissue helps
\'dy the anoxemia. It has been noted that the signs and symptoms
ﬂ_ gical shock can be caused by the rapid dehydration of a decom=
%ttod patient, Altschule noted that the red blood cell count and
;huneglobin value show no consistent change, and are near the

1 values. Thus there must be an increased number of red blood
é: in total since there is an increased blood volume, Sometimes
jo is a tendency toward increased cor puscular volﬁme, and anoxemisa,
%h ijs known to stimulate the formation of red blook cells, is

fﬁbly the cause of this increase.

Gibson and Evans found that there is a progressive increase in
}voluno of plasma and red blood cells in the change from the state
;elponsation to decompensation in a cardiac patient. They state that

| increase is sharedto a slightly less extent by the plasma than by
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f;eorpuscles, thus resulting in a slight concentration of the blopd.
investigators found that the average degree of increase in blood
3‘0 above normal parallels the average degree of elevation of the
}no pressure and the slowing of the circulation time, but they don't
‘at whether they interpret the increased blood volume as responsible
;tho venous pressure rise or not. During recovery there was found

| a diminution in both plasma and cell volume, the decrease in
;!orner being the more rapid and thus giving varying degrees of

jod concentration.

yé ‘Wood and Janeway agree that there is an increased blood plasma
;;ngostive feilure. Chronic p#ssive congestion of the lungs was
ﬁidered as associated with an increase in the volume of blood in the
;gaary vascular bed, as evidenced by a decrease in the vital cap~
of the cardiac patient. They also state that if the right ven=~
310 as well as the left has failed, the wlume of blood in the
;@uic venous bed is likewise increased, as evidenced by engorgement
%;e superficial veins, increased venous pressure, and emlargement
:fo liver and sometimes the spleen. These investigators indicate

t this large volume of blood transferred to the pulmonary vessels
?ﬁb the systemic circulation is lost to the arterial circulation,
;;hat, if the arterial circulation were not able to compensate for

'blood loss, the patient would go into shock. They state that

}bleod pressure is maintained temporarily by a decrease in the
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;} of the arterial v#séular bed, brought about by a local vas-
f?riction, and more permanently by an increase in the total

of blood resulting from the retention of water in the plasma.
- stressed the increase in plasma in congestive heart failure _
fjractically no mention of change in the red blood cell count,
gintly believing that the red blood cells do not have an assoc-

d increase in number,

? Starr did a study of the non-cardiac blood pressure in con=
failure. He found that after death in the dog there was a
3%diac blood pressure, and that this increased in congestive
:«. He considers three possible sourc‘s for this increased
ijo after the heart has stopped, there being increased blood
e, compression of blood vessels by pressure from outside tham
compensatory reduction of blood volume (as fluid accumula-

i;thin the body) or constriction of the vessel walls(unlikely).
D. The Venous Pressure

;Iavostigaters are in agreement that outright congestive heart
‘il invariably associated with a rise in venous pressure. There
fﬁiroct measure of the venous pressure of the lesser circulatien,
) cannot doubt that it is present because such an increase must

iiccat to bring about the congestion.

}Itha ¢linical phenomena varies with each investigator. W.G,
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lﬁrrison pronounces the venous pressure as the "common denominator™
congestive heart failure, and states that one must understand
,{nons pressure in order to ap preciate the physiology of heart d
liilaro. He finds that the venous pressure rnﬂs parallel to the
f?grec of congestive failure, and decreases as the heart decreases
;?f:iso on theraéy, and as odema disappears, Thus he concludes that
.?c venous pressure in a patient with congestive heart failure‘under
.faditions of exertion, cough, stfaiuing, and excitement behaves very
éiferently from that in normal people, and that it is this increase
il;anous pressure which is responsible for the manifestations of

_, ilure.

Altschule states that the rise in venous pressure is due mainly
E‘fho inability of the heart to take up and propel forward all of the
jﬁod brought to it, and that this view is supported by the fact that

ib rise which follows exerecise is greater and more prolonged in e#r-

ijes than in normal subjects. He also considers hyperpnea as another
f tributory~factor'1n increased venous pressure, since the increased

;ﬁpiratery activity raises the intrapleural pressure and thus impedes
entrance of blood into the thorax. Pulmonary congestion must also
‘ﬁeonsidered to have a similar effect since it raises the intra-

al pressure.
E. The Cerebrospinal Fluid Pressure

It is generally accepted that the cerebrospinal fluid pressure
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Tcll the venous pressure as in normal ph¥siology, thus it is.

d in congestive heart failure as is the venous pressure.

 *| suffer none of the symptoms usually associated with simil=-
iﬁucroaaed intra=-cranial pressure due to primary intra-cranial
{9 such as headache, coma, vomiting, slow pulse or papilledema.
ec ion lowers the cerebrospinal fluid pressure. Some investi-
é:have noted the disappearance of orthopnea after venesection.
;iurrison did not note this, but he did see the disappearance
Eiopuca after a spinal puncture. These observations would at
‘?:ouﬁ to be in accord with the hypothesis of diminished cerebral
?!10: as the cause of orthopnea. However, We Go. Harrison also
iihat the spinal puncture caused a decrease in venous préssure,
5!: the relief of the dyspnea is to be attributed to diminished

\ respiratory stimulation as a consequence to the reduced venous

%vo due to local cerebral causes do not have orthopnez, and there-
}Q;cludea that no relation between increased spinal fluid pressure
i hopnea in heart failure can be demonstrated. As stated above,
gﬁtrrison does not speak of a relation between these two, but

r that the spinal puncture relieved the orthopnea indirectly by

{ reducing the venous pressure and thus diminishing reflex respira-
%tinnlatien. The reason for the decrease in venous pressure

wing a spinal puncture is obscure.



Fo The Pulmonary Physiology

.Qw ‘ The heart and lungs are intimately related, and thus some of the
;Llist evidences of congestive failures are u;ually manifestations of
iﬁorod pulmonary physiologys Most investigators will agree that pul-
fjtry engorgement is responsible for most of the changes in the pulmon-
- physiology. Unlike the systemic circulation, the chemical and
ffwous control of the calibre of small pulmonary vessels is of secopd-
importance in regulating the volume of flow through the lungs; thus
 ?0rous investigators have established that the volume of blood fiow
;ough the lungs is determined primarily by the activit} of the heart,
;i that, in health, variations in the resistance in the lungs are
jzlittle moment. It is considered by many that the calibre of the
i}orielas in thg lung is greater than that of those in the systemic
i;cuit, and thus the blood encounters little resistance and flows
'bidly through the lungs despite the fact that pulmonary arterial
foslure is much lower than systemic arterial pressure. Therefore,
;ihoalth, in most conditions of increased blood flow the depth of
1p1ration is increased with resultant increase in the average cross-
}tion of the pulmonary capillary bed due to distension of the lungs.
jir.sult of these arrangements is that, in health, any volume of

t}od returned to the right heart is readily pumped through the lungs,

parently with comparatively little rise of pressure in the pulmomary

rtery.

In review of the above facts, Fishberg states that there are




avnditiens which are required for the production of passive pul-
i;-ongorgemont, namely: (1) Insufficiency of the left side of the
i; and (2) an adequate output of the right heart. Tﬁe former is
3’1no cause of pulmonary engorgement. By means of the regulatory
llilnl described above, the blood content and pressure within the
{lary circuit are maintained at levels inversely proportional to
}isctional efficiency of the left heart. Much like Harrison,

jﬂ g explains this as follows: "When the left heart weakens, its
5‘0 to empty completely, while the right ventricle continues to
ii‘go its previous quantum of blood, results in accumulation of
f{;nd rise in fressure in the pulmonary veins. This entails an
%Elo in the pressure at which the 1e;t heart is filled during

;?Io. According to Starling's law of the heart, this invokes more
E,ul contraction of the left heart. The’rosult is that the out~

‘ the left heart is once more equal to that of the right, and the
,iutlon is again in equilibrium, albeit only at the expense of
lﬁ'prossuro and engorgement in the pulmonary circuit."™ Thus in=-
%oney of the left heart results in increase in the volume of blood
§3;d in the pulmonary vessels, increase in the pressure within
pulmonary vessels, and decrease in the velocity of blood flow along
i}lnonary circuit. These would not be present if the right heart

pot maintain an adequate output for a time at least.

:ﬂ‘Tho pulmonary engorgement must be of great importance in the

ﬁ;tion of the mechanics of ventilation and of the air content of



=4g-

Eungs; this cannot help but be of great clinical significance.
Qbfal capacity or total lung volume is decreased in pulmonary
f‘encnt, due to the diminution in the capacity of the alveolar

il. The minute volume of ventilation is increased above the normal,

? tal capacity is decreased, thus the great significance of in-

fod minute volume of respiration for the production of dyspnea

s more evident 1# the light of the fact that the greater air

;igo is accomplished in the face of decreased vital capacity.

&the strongest respiratory stimuli fail to increase ventilation
;‘lcapacity) to the same extent as in h;alth. There is always a
;.ve or absolute increase in the residual air in pulmonary engorge=
There is increased pulmonary rigidity (decreased) elasticity
i}stensibility) due to pulmonary engorgement. The lessened

; éity of the lung predisposes to dyspnea through decreasing the
f&udc and increasing the work of respiratory movement. Thus the
%xary rigidity is also a primary cause of the increased residual
ﬁfi decreaded vital capacity of the engorged lung. There is

g" breathing and thus it is obvious that the dead space constitutes

Egor portion of the total respizatory volume and thus lowers the

ciency of ventilation in cardiac dyspneae

It is almost universally agreed that the exchange of gases
f}a‘the alveolar air and the blood occurs by diffusion. Carbon

fio normally diffuses 30 times more rapidly than oxygen, and this
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‘Fécount for the fact that carbon dioxide tension in the arterial
?rsnd alveolar air is almost identical, while there is a partigl

e of oxygen from 19 to 62 mm. of mercury lower in arterial
i:than in alveolar air. In cardiac disease the difference between
f';tial pressures of the respiratory gases in the alveolar air

?fe arterial blood may be very much greater‘tﬁan in healthy

;ls.‘ Arterial oxygen saturation is lowered in some, but not all,
?hto with cardiac d&spnsa, uh11§ the oxygen content of the alveolar
;ﬁ apt to be elevated. Carbon dioxide, which diffuees so rapidly,
% to show a much less difference in arteflo-alveolar tension, and
mly significant when pulmonary engorgement is severe. Fishberg
zfizos such considerations as follows: "Probably, several factors
ammated in bringing‘about the abnormel ly great oxygen and carbon
?io arterio-alveolar tension differences presenf in some instances
iéﬂiuc failure. As a result of pulmonary rigidity and unequal
i¥ltion of different parts of the lungs, aeration of the blood

i}g the poorly ventilated alveoli is correspondingly impaired and
?ﬂinutod that from the well-ventilated alveoli when mixed with it
pulmonary artery. But in addition it seems probably that the
:;tr walls in passive congestion offer greater resistance to the
iten of the respiratory gases than in health, although it is
;bhlt to evaluate this factor quantitatively. The thickening

her change observed histelégically in the alveolar walls of the

i%od lung suggest decrease in their permeability. Certainly the
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;c- of transudate must interfere with the diffusion of gases.
fact that suggests decreased permeability is the increase
agon saturation of the arterial blood that may follow the in-
:on'of high concentrations of oxygen. Finally the mueh greater
 ;0 in the arterio-alveolar oxygen difference than in that of
?gh more highly diffusible carbon dioxide is in accord with the

ption of decreased permeability of the alveolar walls."

F!‘ind increased oxygen concentrations in the expired air show
E*e efficiency of ventilation is decreased in cardiac dyspnea,
ttioﬁ of the blood being affected by each liter of air

;éd than in health. Exertional dyspnea in pulmonary engorgement
E%kealth are fundamentally similar, but in the cerdiac patient
appears with less activity because his respiratory factor of
E;is dimished by the factors described above. Because of decreased
:;néy of ventilation, the patient with pulmonary engorgement

a larger minute volume of air for a given exertion than in
This is accomplished in the face of limitation in the maximum
?o!rventilation of which he is capable. Thus the respiratory
;0! safety, being the difference between the volume of air

ed per minute and the maximum minute volume of ventilation

fe patient can possibly attain, is encroached upon at both ends,

rease of the former and decrease of the latter. Thus Fishberg
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consciousness of the necessity for increased respiratory effort).
‘0# and his associates have found that the severity of cardiac
roughly parallels increase in volume of ventilatioﬁ and de=
‘;1n vital capacity, but that it more closely parallels the

igt: Ventilation vital capacity. They call this ratio the

ation index.

;-It can be seen from the above discussion that pulmonary engorge=
:pntributes most to these changes in lung physiology. Many

;ﬁtn naturally arise as to which of these factors play the most

pt part in the pathogenesis of cardian dyspnea. These and other
}i will be considered in this 1light in the following chapter. It
i‘nentioned that Altschule feels that it is impossible to correl- @
l;'lubject dyspnea and objective changes in pulmonary function

patient with heart disease.
Ge Reflexes From The Lung

ﬁ$9rink, Peabody and Blumgart showed that when congestion of the
Qas produced by clamping of the pulmonary veins an increase in the
itory rate occured. Many other experiments have followed that
;{at reflexes do arise in the lung which will cause increased res-
activity. Pishberg believes that "while the total volulme of
?tion is largely regulated by chemical mecheanisms, reflex in-

ses are of greater significance in determining the form of breath-

6., the frequency and smplitude of the individal respirations."
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ﬂ*Bfouer suggested a theory of autoregulation of respiration,
?ttted, when the alveoli were distended to a certain degree,

ration is reflexly terminated by impulses along the vagus;

f.s start inspiration. It does seem probable that the mechan=~
factor of alveolar distention plays a part in determining the

 and frequency of respiration.

{ There is evidence that this reflex is involved in the production
;iiac dyspnea. Appreciation of the importance of reflexes from
Tgorged lung in the production of cardiac dyspnea is almost en-

y due to the work of Hgrrison and his associated. They found

éi that reduction of the vital capacity of the lungs by pneumo~-

i; distension of the capillaries of one lung with blood, or

{'eing fluid into the lungs accelerated the respiratiomn, provided
15 nerves were intact. This work indicates that the tachypnea
f&ng ffogythe decrease in vital capacity is produced by a vagal

2; and since decreased vital capacity is characteristic of cardiac
;, they attribute such reflex factors important roles in the

;iion of this dyspnea. This reflex acceleration of breathing
?ouary engorgement is doubtless to be considered a compensatory

eneficient factor.
He Changes in the Chemical Composition of the Blood

iﬁUntil the more recent years it was considered that cardiac
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{loa was due to stimulation of respiratory center by changes in
iehemical composition of the blood, There is still some contro=

on the subject, but many of the investigators have swung away
i:that view. No one denies that there may be chemical changes in
:ﬁlood, but the controversy concerns the amount of importance which
;‘d be placed on these changes. The old idea was that inadequate
fylary ventilation caused an excess of carbom dioxide or an oxygen
 }1t whi;h stimulated the respiratory center. Others said the
;lation was due to an increase in the hydrogen-ion concentration
lft blood due either to carbon dioxide retention or to increase in

J;éuetic acid content of the blood. The majority of these theories

!busod on analyses of venous blood, which is obviously inadeguate

;honposition of the blood play a much smaller part in the genmesis
?ipnea than formerly believed. This controversy will be considered
fburefully in the chapters to follow. At present we must consider

f?tual chemical changes presént.

‘l Thearteriovenous oxygen difference has proved of some value in
;lg cardiac failure. One would anticipate that the decrease in
%u output would be manifested by an increase in the difference
the oxygen contents of the arterial and the mixed venous blood

i<g the right heart. Altschule has noted that the low oxygen
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1t of venous blood is striking, and that low 6xygen content and
f%ion of the arterial blood is a frequent finding but less con-
and to a 1§ss degree than that of the venous bloed. 1In very
jlourt disease Harrison and his associates have found that the
‘;vcneus oxygen difference may be more than twice the normal
rtion of the oxygen of the arterial blood. Harrison and his
jihsvo shown that there is no close proportionality between the
of heart failure and the arteriovenous difference at rest,
ét the former may be accompanied by a normal arteriovenous dif-
'}, which may not change during improvement. When present, the
arteriovenous oxygen (and carbon dioxide) difference presents
:»satory function in at least partially atoning for the decrease
%-o of blood flow. The difference must usually be even greater
arld correspond to the decreased output, due to the fact that

1 metabolism is usually increased in heart failure (according
?chnlo). With a decreased minute volume of the heart, the
enous differences other than those of oxygen and carbon

e must also be increased; these will be discussed later.

j?horo is wide difference in opinion among investigators as to
iinxmc of low arterial blood oxygen saturation in cardiac failure,
' ked arterial anoxemia is common in longstanding heart disease
}wsiderable pulmonary changes, while it is uncommon in early
insufficiency through dyspnea is severe. Altschule, who in-

ilat the importance of the chemical changes im cardiac failure
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fitud, states that the low arterial blood oxygen saturation is due
f;;doquate mixing of air in the lungs, to organic changes in the
l;iuw walls, and to tachypnea itself. He also states that, since
i&c oxygen tension cannot be greater than that of the venous blood,
Nkprmar must be lower than normal in patients with cardiac decom=-
?htiou, and he gives the cause of the low tissue oxygen tension as

ng slowing of blood flow, diminished arterial blood oxygen satur~-

on, and increased metabolic rate in cardiac failure.

The question of carbon dioxide tension increase in the blood
"so controversale Fishberg feels that in severe pulmonary con-
iion or in other widespread lesions of the lung, the arterial car-
;dioxide content may be elevated definitely above the normal values
; tween 40 and 55 volumes percent. This accompanies well marked
fllil and is to be attributed to impairment of gas exchange in the
:l. Because of the greater diffusibility of carbon dioxide much

; pronounced impairment of pulmonary gas diffusion is required to
?nce retention of carbon dioxide then depression of the oxygen sate
fien of the arterial blood. Fishberg further states that in cardiac
ir.t, not accompanied by extreme pulmonary changes, the carbon

%ida tension of the arterial blood is below normal, and at times
itrikingly s0s At the same time this low carbon dioxide content of
?lrterial blood may be accompanied by an abnormally high concen=
fion of carbon dioxide in the venous blood; this is due to the fact

t increase in respiration (hyperventilation) decreases the alveolar
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?@arbon dioxide content and tension, and that free carbonic acid

f;o arterial blood varies as alveolar carbon dioxide. In most

jances a fall in carbon dioxide content of the arterial bdlood is
‘ ceempnn1ed by a drop in alk;li reserve, so that arterial alkalosis
:".r However, in some cases of very severe failure and with sys=
venous engorgement there is often a depression of the bicar-

ate and acldosis in the arterial blood is associated with the low-
ng of arterial carbon dioxide. In these latter cases a rise in

| lactic and perhaps other fixed acids of the blood plays a sub-

ntial part in reducing the alkali reserve.

Kltschule agrees with Fishberg that most of the patients at

b have a pH value of the arterial blood within normal limits or
_ﬂtly increased, that with severe dyspnea some patients show the
dency toward an alkalosis of the arterial blood (marked lowering
alveolar carbon dioxide tension with subsequent fall in carbonic

d content of the arterial blood), that more patients with dyspnea
10t manifest this trend toward alkalosis due to increase in blood
;c acid, and that a small group with organic pulmonary disease
;lurbon dioxide retention with a consequent lowering of arterial
 #hus they admit that the carbon dioxide changes in arterial

f.aro usually the effect rather than the cause of dyspnea in pat-

with uncomplicated failure.

3

The consideration of changes in venous blood is also of



=58=

;3tnco. Low venous oxygen tension has already been diséussed,
:fosnlting in an increased arteriovenous oxygen difference.
%1-11ar11y, when cardiac output is decreased, it is obvious

;5&. normal carbon dioxide content difference between the arter-
fd the mixed venous blood is accentuated. Also one would expect
;toriovenous differences other than those of oxygen and carbon
E‘ to be increased. Some investigators have found that venous

: creases the transit of water, chloride, and bicarbonate to
étbuos, and they believe that this transit of bicarbonate from
lood to the tissues is the principle factor producing the low=~

| ali reserve of venous blood in some patients with cardiac

6as The net result of these changes'(increased carbondioxide
&, dicreased alkali reserve and increased lactic acid) is

ﬁio be a relative increase in the acidity of the venous as com=
;Qith arterial blood. Thus in cardiac failure a venous acidosis
Cﬁompany arterial alkalosis, the former being a manifestation
:iﬂg of the blood flow in the tissues, the latter a manifes~

n of hyperventilation.

are lowered but more in the venous blood. Logically the changes
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cerbon dioxide carrying power of arterial and venous blood would

i;d on what one of the conditions mentioned above existed, i.e.,
fhat factors were acting in each case in tending to cause alkal-
s or acidosis of the respective arterial or venous blood. Thus

E ¢h case the carbon dioxide carrying power could be easily fig~-
if the factors discussed above were known. Whatever the cause
}wo lowering of the dissociation curves in decompensation, they
g:to return to normal on recovery. Altschule feels that after
}ciso thewcarbon dioxide combining power of the bloed is markedly
;cod in c;rdiac patients, due to the shift toward acidosis from

{ubnormal accumulation of lactic acid in the blood.

Altschule also states that deviations from normal in arterial
yenous serum bicarbonate (usually normal or low) are associated
changes in the serum chloride level., On this basis he divides
viiac patients into three groups, namely: (1) Patients with low
}rbouate and high chloride levels; (2) Patients with high bicar-
;ato and low chloride levels (usually have some associated pulmon=-
v,disease); and (3) Patients with low bicarbonate and chloride

.113 (small group and there is probably an element of renal insuf-
jioncy accounting for the loss of serum base. In regard to the
{it group it has been noted that a rise in bicarbonate during re-
3‘ry was followed by a fall in serum chloride and a transient

i ease in urinary excretion of chloride.
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. Thus, although Altschule realizes that the changes im arterial
?carhon dioxide and pH are, as far as can be ascertained, more the
;'%han the cause of increased activity, he states that this does
\‘o out acidosig of the respiratory center, since the reaction of
giter may become more acid than normal in spite of changes in the

?ion of alkalinity in the arterial blood delivered to the center.

éjlt‘is known that lactic acid is produced in a working muscle,
;uf ordinarily about one-fifth of this is burned and the remainder
ftnthesized into glycogen. The amount of oxygen needed, above
fsting intake, for a given exercise depends on the amount of
'iacid produceds In exercise not all the required oxygen is

Qiq during the exefcise, a portion being supplied after work has
i; This latter amount is known as the "oxygen debt"; It is true
jhral, that patients with cardiac disease have a greater oxygen
éian does the normal person aster performing the same exercise.
?bn believes that this greater oxygen debt is probably due to the
ﬁjhed abiiity (as compared with normal subjects) to increase their

ac outputs, but that this difference, being small and inconstant,

i‘be regarded as the essential factor in producing dyspnea.

Altschule states there is an increase in the resting blood
ﬁQneid in heart failure, and that there is a general correspondence
t} this increase and the degree of decompensation. He has found

there is an abnormally large and prolonged rise in bloed lactiec

'
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r is an increase in the lactic acid output in the urine after ex-

is. in cardiac patients. A few have felt that the disturbed lactic
f metabolism was due to liver damage alone, since there are similar
ﬂgos in primary liver injury. Hcﬁever, others have pointed out by
#l of dynamometer experiments that the metabolism of the peripheral
;uos is defective in congestive failure but not im liver disease.
f}ehulb considers that the oxygen debt in cardiacs is abnormally

;0 and prolonged, those performing light work taking up normal or
;%htly reduced amounts of oxygen during work, whilg those who work
;tho point of exhaustion absorb distinctly subnofmal amounts of
?gon. Naturally in decompensation where the heart disease is more
Eifest, the increase in oxygen debt for a given amount of exercise
?1 be correspondingly greater. Altschule feels that the beneficial
?ponso to oxygen therapy in some is confirmatory of the existence

?s state of continuous oxygem debt. He states that elevated resting
fod lactic acid can sometimes be abolished by the inhalation of

;h concentrations of oxygen, and that the oxygen debt may be cut
‘;755 in some by breathing high concentrations of oxygen while ex-
iising. He considers the oxygen debt as a result of tissue anoxemia

to low cardiac output together with peripheral stasis, insufficient

xygenation of the blood in the lungs, and increased basal metabolic

i

ttﬁc

Harrison has considered oxygen debt from a different angle,

which he compares persons with cardiac failure with normal subjects




both g;oups are performing the severest exercise of which they'
icctp;ble. He then takes note of the fact that for oxygen to be
jorbed at an unusually rapid rate it is necessary for the cardiae
f;-t to be large. This comparison might best be given in Harrison's
%:words: *The maximal rate of oxygen intake is in some measure

{lfﬁd to the maximal éardlac output. However, the ability to acquire
onygcn debt has nothing to do with the cardiac output but is re;
ted to the power of the tissues to buffer lactic acid. Hence, if,
fttiont's exercise is limited because of inadequate cardiac output
f{ﬁocan#e of this factor alone, he should have a relatively low

e of oxygen during the exercise but he should have a very great
i;on debt at the end of the exercise, provided it is maximal. If

a patient and a normal person both undertake the severest exer-
of which they are capable and continue as long as they can, one
fii expect to find a lower oxygen intake during the exercise in
fiont--- because of limited cardiac output=-- but at the end of
?=cisa, the éxygen debt should be approximately the same amount in

? two subjects. Actually, the first expectation is fulfilled but
?;socond is not for patients with cardiac failure have much smaller
:;.n debts following the severest muscular exertion of which they are
;}ble than do normal persons at the end of their maximum exercise.
E&l therefore evident that the chief factor which limits muscular’

¥,eise in patients with cardiac failure is not oxygen debt, and it

ﬁlikewise evident that the important limiting factor is not inability




-63~

?l debt. Actually, they are checked by their dyspnea long before

‘ n debt."

In the following chapter we will elaborate on the above phy=
;Lgical changes and show how they do or do not play a part in the

iigencsis of the important clinical features of heart failure.
l. Plasma and Edema Fluid Proteins

Most investigators have noted a low serum protein level often,
:ih by no means always, in patients with cardiac insufficiency.
%ﬁininution affects the albumin fraction either exclusively or
:;noro than the globulin fraction. These lowered levels are noted
ally when the heart failure is of protracted duratiom, while
i?edema appears soon after the onset of heart failure sometimes
concentrations of plasma proteins are observed. A number of
fmtigttors agree that a high degree of correlation between the
i&neo of edema and a decrease in the serum protein level does not
f%, and that the same degree of lowering in nomn=cardiac subjects
i:ao edema. Many suggestions have been made as to the cause of
jtishod plasma proteins, among these being malnutrition, album=-
;ﬁt, loss of protein through repeated paracentesis, loss of some

tein into the interstitial tissues with the edema, and dilution
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‘?; Fishberg feels that the albuminuria is an important cause

)

1&1: of plasma proteina; especially if albuminuria is present

:«l regeneration of lést protein (thero is some evidence that
f\proteins are produced in the liver). Thus this hypoprot-
Eu may play some part in the formation of edema in cerdiac
?il, the exact importance of which will be discussed later,
%junetion with this finding of reduced plasma pfoteins it is
%b mention that Altschule found that the subcutaneous fluid
?lnro has increased protein (especially albumin), and is 2 to
;l as rich in proteins as similar fluid in nephrotic patients.
?thorl deny this latter findipg and state that there is no or

: increase in the edema fluid protein.
Je Peripheral Capillaries

? Altschule has noted engorgement of the tissue capillaries,

ito the point where hemorrhage is noted on post mortem. He

of the venoue group while the arterial loop may show narrowinge.
iorvod that the blood in these capillaries is dark and moves

% or may be motionless at times. Altschule states that anoxemia
E'etuso of capillary vasodilatation and thus the venous end is
iloatly dilated. Most other investigators feel that the increased

[‘prossuro is the prime factor in causing capillary dilatation.
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K. Lymphatics

McMaster found dilatation and valvular incompetence of the

: Eatic channels and complete absence of flow in the edematous

1nt. He found that diuretics caused no change in this condition,
jelevation of the limb caused a small increase in flow, and that
lednt reproduce the stasis by tourniquets, so he ruled out in=-
'ind venous pressure as the cause. Altschule feels that anoxemia
?l important in the decreased lymphatic flow, or that increased
‘il pressure may be important since this pressure is transmitfad'

%rger lymphatic vessels. Harrison considers that lympathic flow

;inccdos that when venous pressure becomes high it interferes

l§the emptying of the thoracic duct, and thus is a factor.

In this chapter an attempt has been made to review some of the
:1ologica1 changes of major importance in considering the pathogene-
j,f the clirnical manifestations of cardiac failure. Naturally many
;*p physiological changes have not been disscussed here, some of

‘ will be brought up later in reference to the pathogenesis of
i;cific sign or symptom in which they play a part. Some of the

:il of controversy have been pointed out. In the following pages

ih will naturally be some repetition of the points mentioned in
;'chaptar in order to give a complete picture of the importance of

in causing various c¢linical phenomena.



THE MAJOR PHENOMENA OF CONGESTIVE HEART FAILURE

:g'fho preceding chapter contains a summary of much of the data now
lable on the physiology and chemistry of cardiac decompensation.

he following pages we will correlate this data in the pathogenesis
signs and symptoms of that disorder. Some of the major phen=

é a8 dilatation and hypertrophy of the heart have already been
“iorod. One must remember that symptoms which might be of major

£7lnce in one patient may be of no significance in another.
Ae Dyspnea == General Consideration

Dyspnea has been defined by some as the consciousness of the
;iity for increased respiratory effort. Ordinarily dyspnea is

J&rlf and often the last subjective manifestation of heart failure.
Salinicians feel that the first indication of failure is dimished
rance to exercise with associated dyspnea. Harrisom states that

;ja usually causes the patient more distress than all other symptoms
iied, and that the degree of dyspnea is by and large the best index

ﬂ”gnosis and the most reliable guide to treatment.

Altschule speaks of dyspnea as a sensation and as such is net
bled tc cbjective measurement. He states that marked difference
legree of dyspnea due to changes in subjective semsitivity can

n'in different patients in whom all physiological measurements
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| the same, or even in the same patient with relative constancy of

.

ijhysical status. It must be realized that there is a definite
%ﬁlation between the symptom dyspnea and the sign hyperpnea.
;chael states that dyspnea is the resultant of hyperpnea and pul=-
congestion. Back expresses the opinion that dyspnea is not
{p graded by the degree of distress (subjective), but by the

junt of effort that brings it on.

Altschule has made no attempt to differentiate the mechanism

f spnea at rest from that of dyspnea on exertion, since he feels
}‘limilur factors are responsible for both, with the reservation

? the various mechanisms may be relatively more or less important,
¥tch types On the other hand, Fishberg and Harrison have divided
pnea into different clinical types, and then have considered the
Eogonosis of each of these types. Harrison's classification of

pres on a clinical basis is as follows:

I. Dyspnea due to cardiac disease per se.
A. Dyspnea on exertion
Bes Dyspnea at rest
l. Nocturnal dyspnea
A Occuring before the onset of sleep
(1) orthopnea
(2) Evening dyspnea
be Occuring after the onset of sleep
(1) Cardiac asthma ) Parexysmal
(2) stokes respiration (Cheyne- ) dyspnea
Stokes respiration)
II. Continuous dyspnea

We will consider the different views concerning the mechanism

-ﬂhcls various types of dyspnea.
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Be Exertional Dyspnea

Normal persons may perform numerous strenuous activities

inut noticing their respiration. The cardiac patient has the
sation of dyspnea upon much less activity than the normal person.
, theory of the pathogenesis of dyspnea has changed numerous

i). Oxygen want, carbon dioxide excess, reflexstimulation from

n given as the possible cause of dyspnea through their action
the respiratory center. These theories have all had their era
?opularity. Harrison's work on dyspnea has dome much to clarify
; points, but there afo still those who disagree bitterly with
ﬂ.on.

Before Harrison's work the generally accepted view for the
?anisi of exertional dyspnea was that the overstrained heart is

%10 to increase its output, the tissues are poorly supplied with
id, unoxidized lectic acid accumulates in them, and, pouring out
the blood stream, raises the hydrogen ion concentration of the

od with a resulting stimulation of the respiratory center.

}ont day investigators are arranged in two.groups, those who think
dyspnea on exertion is due mainly to changes in blood chemistry
f%these who believe it is due mainly to changed pulmonary physiology

resultant reflexes to the respiratory center.

Altschule, who stresses the chemical changes in the blood,
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s that there is proof of the anoxemia of tissues in cardiac

'fin, by the increased blood lactic acid content at rest and

:ir exercise, by prolonged oxygen debt after exercise, and by low
?;ial blood oxygen. Of course the question of oxygen debt im=
flnco depends on how we look at it: Harrison's new conception has
reviewed in the preceding chapter in which he compares the

gtn debt of the cardiac patient and the normal person after the
iimum exercise of which they are capable. He found the oxygen

é at maximum exercise to be smaller in cardiac patients, thus
foncluded that the important limiting factor is not the inability
ﬂncfeaso cardiac output which would act by causing a large oxygen
}. Actually the patient's exercise is checked by dyspnea long
lore the exercise has become suffieiently severe to produce a

}o oxygen debt,

Altschule believes that the two main factors in causing

sue anoxemia in decompensation are decreased delivery of blood to
;tissues (forward=failure), and the effects of pulmonary congestion
acts to cause a lowering of the arterial oxygen saturation by

in the alveolar walls and by impairment of the bellows function
?13 lungs. He also brings lactic acid metabolism into the picture
?plscos importance on it. He follows Gesell's conception that the
én produces lactic acid and that 1nterferenc§ with the normal rapid

dation of that substance at the respiratory center causes dyspnea.
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ﬁlo'mentions that probably the high concentratioﬁ of lactic
fthat occurs in the blood after exercise may cause diffusion

‘ substance into the respiratory center and thus produce

;;a and hyperpgon. He state§ that hyperpnea is a response to
?‘n abnormalities in the physical or chemical status of the pat=
klnd that the hyperpnea may cause compensatory changes in the
iito direction so that deviations from the normal observed, for
? ¢¢ in the blood, may be negligible. The latter refers to the
;thlt when hyperpnea exists in cardiac patients without extreme
g«;rj changes the arterial blood has a carbon dioxide tension

W normal ~- this reduction is a result of the hyperpnea.

McMichael has considered hyp;rpnea in heart failure. He

ludes thaf there is a close relationship between the depression
' diac outéut and hyperpnea (due to diminished cerebral blood

He states that cardiac output at rest is not very gréatly

iod until later stages of the disease in which hyperpnea is found
? pronounced. He believes that there is no close relafionship
een the vitaliéapacity and pulmonary ventilation, and thus the

i: explanation (to be considered) is unlikely to be valid. To
Eﬂch an explanation would necessitate the assumption of a reflexly
Fained-alteration in the sensitivity of the respiratory center
Fybon dioxide; and éince there is no evidence this takes place,
fhomical explanation of hyperpnea seems more likely to him. Even

investigators who oppose the chemical theory of dyspnea and
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;rpnca admit that in severe exercise the blood undergoes chemical
fgas which may play an important role in altering the respiration.
} MeMichael is basing his explanation of hyperpnea on the "forward=
‘énrc" theory, and believes there is no correlation between byperpnea
:vital capacity, but that there is a close correlation between car=
¢ output and hyperpnea. He contends that cerebral blood flow is
iermal in hyperpneic cardiac subjects, but he offers little except
e sensitivity of the respiratory center to carbon dioxide as an
sianation of how the reduced cerebral flow produces hyperpnea.

nce he considers dyspnea on exertion as the resultant of hyperpnea
t;pulnonary congestion, he thus places much importance on reduced

:Qpral flow as a cause for dyspnea.

Harrison in his experiments found that the chemical theory of
3;!0; is inadequate, and that dyspnea produced by exertion in per-
;j with cardiac disease is not primarily a matter ef'bleed flow or
ﬁ*d gases. He fonn@ that dyspnea on mild exertion in patients with
%}outive failure cannot be due to thq inabilitj to increase the car-
ﬁ output since the oxygen debt is on the average only slightly
f'tcr in these patients than in normal subjects perforning the
exercise, and since neither during nor after mild exertion do
}jgta in the direction of greater acidity occur in the venous or
itho arterial blood. He found dyspnea on mild exertion could not

due to dimished cerebral blood flow because the gaseous composition

i
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?ho internal jugular vein is not altered by mild exercise. He
fluded that it was evident that dyspnea on mild exertion is not
ed to alterations in the oxygen, carbon dioxide or reaction of

) blood, either arterial or venous.

With dyspnea produced by moderate exertiom in patients with
lered cardiac reserves but without frank congestive failure Harrison
;d that the inability to increase the cardiac output sufficiently
iao factor because the grestest oxygen intake is less than in nor-

iperaons. However, he did not believe this to be sole factor since

)duces dyspnea of comparable degree in patients and in normal persons

}tho patients show much less marked acidosis than the latter.

Fishberg agrees with Harrison's conception.that cardiac dyspnea
;xortion is fundamentally not an "acidotic dyspnea", for most often
:gurterial blood is alkalotice He also feels that in instances in
¢h severe pulmonary lesions result in carbon dioxide retention
gaseous acidosis, or in which there is great elevation of lactic
i}thér fixed acid in the blood; the increased hydrogen iom concen-

3103 of the blood doubtless plays a part in producing dyspnea.

It is interesting to notice how inadequate the idea of diminution
cardiac output and of lowered blood flow through the respiratory
ater is at times. TFor example many patients with left heart failure

illting from hypertension, or mitral or aortic disease have severe
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:jnary engorgement with dyspnea on slight exertion or even af

E} although there is no cyanosis and the extremities are warm
;ieaks very little slowing of systemis blood flow). However,

n the right ventricle fails in such individuals, the systemic

FV flow is further retarded, yet dyspnea often becomes less

ere. This observation naturally leads one to correlate the red-
?on of pulmonary congestion following right ventricle failure
}tho reduction of the dyspnea. Thus it would seem from clinical
?;vations that dyspnea is much more closely linked tb:the sev~
?y of the bulmonary congestion than to the slowing of systemic

0 flow.

If the above factors do not sufficiently explain dyspnea on
?ticn, what changes in physiology do adequately explain dyspnea?
;otary congestion causes a diminution in the vital capacity,

;h indicates that for a given level of ventilation the cardiac
;ont is more likely to feel respiratory distress than he would

ﬁis vital capacity were normal. Also the efficiency of ventil-
_;n is decreases in cardiac dyspnea, less airation of the blood

%g affected by each liter of air breathed than in health. Because
:;is decreased efficiency of ventilation, the person with pulmonary
forgement breathes a larger minute volume of air for a given

ertion than in health. This is done in the face of limitation, as
%nsult of the decreased vital capacity, in the maximum volume of

atilation of which he is capable. Thus the respiratory factor
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fety -~ the difference between the volume of air breathed per

?te and the maximum minute volume of ventilation that the patient
'{possibly attain -- is encroached upon from both ends, by increase
Ekhe former and decrease of the latter. When the gap is sufficiently

)
rrowed, the patient experiences dyspnea. Harrison and others have

grease in volume of ventilation and decrease in vital capacity, it
ilnch more closely propértional to the quotient; ventilation/vital
f;city. They call this ratio, determined with a correction for
weight, the ventilation index, and find that it is of practical
,;o in patients(with evidence of heart disease in'deteryining
i%her the subjective symptoms of dyspnea is actually due to heart

ilure or is neurotic in origin.

Besides the above factors there are alsolvagal reflexes from
lungs which cause some increase in ventilation even at rest.
f;chnlg admits that such a factor exists, and that abnormal rigidity
;3ho lungs and simple congestion activate reflexes which travel to
;‘brain and evoke a motor response, hyperpnea. Perception of this
creased motor respiratory activity may result in the sensation of
;pnea. However, he states that the role of reflexes in the genesis
| dyspnea is secondary to that of the pathological congestion in
;glungs, and the importance in causing the sensation is still a

tter for investigation.

RO
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Harrison concludes that when muscular exercise is performed
:}0 is an immediate reflex ifncrease in the ventilation of the nor-
:.subject and of the cardiac patient, due to afferent impulses from
moving muscles. Harrison and his associates also found that ven~
:;tion increased when they elevated the pressure in the venae cavae,
‘ or by intravenous infusion or by the inflation of a ballen in
‘“right auricle -~ this no longer occured after the vagi were cut.
ice the venous pressure does not rise immediately but gradually, the
»fi;ation is less during the first than durifg subsequent minutes
lﬁxercise. The cardiac patient has a greater increase in venous
*;ure and thus a greater increase in ventilation than does the
;al person., Since the rise in venous pressure persists longer
‘ﬁho cardiac patient than in the normal subject, the dyspnea of the
nitc patient lasts longer after exercise is stopped; thus the ven~-
:tion returns to the resting level more slowly. This greater in-

@ in breathing is sufficient to cause ventilation to exceed

;thrcshold of dyspnea, which is lower than in normal sub jects

ause of the diminished vital capacity.

Fishberg also gives notice to another itype of reflex which may
Concernid in the production of hyperpnea and consequent dyspnea in
culatory failure, that being one that is initiated in the sensitive
a; of the carotid sinus and the root of the aorta. Thus the part
' anoxemia plays in producing hyperpnea may act through the sen~
110 areas in the arteries, while carbon dioxide excess may act both

the sensory zones in the arteries and on the respiratory center.
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f’tlso been found that fall in pressure within the aorta and
bid sinus reflexly stimulates ventilation, and this too might

‘1 part especially in hyperpnea of shock.

WeG.Harrison, Jr., feels that dyspnea on exertion is most

1} due not to chemical changes in the bloed, but to reflexes
f}g from the moving muscles stimulating respiration, and alseo
ggcflex stimulation of respiration from an increase in the
E‘ic as well as pulmonary venous pressure. Bedford considers
Et;diac dyspnea is due to a direct nervous reflex originating
cdngosted lungs and transmitted to the respiratory center

the vagus.

Altschule considers that the factor of impaired heat disper=
fﬁs a much neglected mechanism in causing hyperpnea. He feels
there is an alteration of the heat dispersal mechanism due to
fvonso of flow of bléod to the periphery == low skin temperature
iito of high rectal temperatnre; and low insensible perspiration
;fly indicate the existence of this factor. He concludes that
%)nog which is a response to the inability to disperse normal

%t of heat via the skin in the cardiav patient must contribute
éo dyspnea they experience. He upholds this clinically by the

: ation that mény patients indicate relief of dyspnea if the bed

?os are removed and he is placed in front of an open window.

Thus no matter what mechanism one considers for the pathogenesis



Elyspnea there are in operation a multiplicity of factors, and the

ortance of these various factors in the production of dysyne# varies

? patient to patient.

A brief survey of Altschule's conception of the mechanism of

pnea in congestive heart failure is shown by his own diagram below:

Defective heat

Decreased peripheral
Dispersal &

blood flow

Anoxemia of the
respiratory center

General tissue

Low cardiac
e{//acidosiSQF“‘*‘anoxemia ' output

'rpnea “‘*‘——————__h_______f> Low arterial

oxygen saturation

Decreased pulmonary
reserves

Abnormal
intrapleural

reserve

i Increased

; ulmonary rigidity

fonary GL\\\\\\\\\\\\\\\ \
flexes <—

Congestion

and edema
of the lungs

Increased /7

blood volume.

FIG., 5 - MECHANISM OF DYSPNEA IN CONGESTIVE HEART FAILURE



U0s {A1eH) NOILUIX® Ad QEONAONd VANASAQ 40 WSINVHOWN EHL 40 WYEOVIA - 9 °9Id

——

*U0T3JIOXD 0%
tsx0398y Sutgesrdrosag

UOTJISXY ©J94A08 uoTYaSXT PTTH

PoOTH FO UOT3BIFUSOUO)H .—\
uot~-ueSoapAy ut esty - ¥ squewsAO xeTnOSHY

J P

uamgey usonﬂw peseeJouy

eanssolg Snousjp uUT oSTY JoYjang

b

WOT4BINWI4S XoTFOY IoYLAN] /

d

amm%mhn
\ 'eazesey ALioyevardssy peseeade(

aoﬂvah«mu@\m_ 3o / £31oeden
\\\\\\\\\\\\v uo 13eTNWT3S XeTFey TR3TA v@mwmwOon
coanssead snouss peseLIOUT: 1///// \\\\\mu sSuny z0

uotyeatdsey o

eng

s1s0aqtTd
sSuny Fo uoigsefuo)

f

9TOTJNY 3JOT UT 2aAnssexd UT ©STY

oToTany 3Y8TY UT eJanssalg UT oSTY l/
ZIWﬂmoqum d STsoua3s
prdsnotag TBI3TH

OHoﬁhunob,vnWﬂm 30 JOT3ITIEIIA : STOTI3USA 3T FO UWOT3IERRIIQ

‘;puoo;:saoqoe; Butsodsipead



-79-

~ On the whole it seems to this writer that Harrison's views are
:lt logical and most well-founded. Fishberg agrees fot the most
with Harrison, but has presented a few divergent ideas. Altschule
;%s many good points, and is in opposition to Harrison on many

rs. Altschule, on the whole, does not have such well founded
iments to back his ideas as Harrison does, but many of his theories

time become widely accepted.
C. Orthopnea

. Orthopnea is that type of distress which is produced by assum-
he recumbent position. It may coexist with all other forms of

f;. There have been a great number of theories presented as an

gneu. Altschule states that whatever the mechanism of pulmonary

intrapleural changes, they serve to explain the decreased arterial
ifoxygen saturation which occurs, even in normals, while lying

| d that this change in arterial oxygen saturation is a factor

he genesis of orthopnea. On the other hand, Harrison, on

‘ll in arterial oxygen saturation could find only slightly Q}min-

{vslues in some of the persons in the recumbent as compaired

lﬁhc upright position. He felt that this change was too small

@ more than a slight factor.
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ther hypothesis has been that of alteration in the blood
;.ugh the lungs. Many investigators feel that there is a de-

the venous return to the right heart when the patient is

{lishberg feels that the weight of evidemce strongly indicates
! * venous return to the heart im the recumbent than in the
f'ture, and that such increased venous return when recumbent
;viously augment pulmonary engorgement in the reclining patient

favor dyspnea., Harrison disagrees in part with this view,

Lfapnea. He claims that "when an adult of average size is recum~

:fe 7 em. against the force of gravity in order to fill the left
210. Thus the pulmonary venous pressure which is adequate in

ect position to maintain a given level of left ventricle filling
fﬂiac output is lower than that needed to maintain the same level

diac output, when the individual is recumbent, by the pressure
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Another theory which has been proposed is diminished cerebral

fioa. Harrison, Fishberg, and Kirk are opposed to this theory.
llhule believes that this increased venous pressure in the center
fp‘an important part in causing orthopnea (certain investigators
;:tound relief from orthopnea was obtained by flexing the head

'j the patient was in a recumbent position). THis theory of dim-
;iad blood flow is not supported by clinical evidence, as of!hopnea
;bqlon‘in isolated left heart failure with mormal venous pressure,
;!l often relieved when the right heart fails with the development
;1gh systemic venous pressure. Also it is very siriking in the

e cases of.primary right heart failure due to such causes as pul-”

y or tricuspid valvular defects, that orthopnea may be absent

f&to extreme cyanosis and enormously engorged veins.

Another hypothesis seeks to explain orthopnes on the mechanical
;gos in the lungs. Most inwestigators will agree that the vital

eity of the lungs is decreased in the recumbent position, this
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iinution being greater in cardiac cases. As a rule clinical
:{ervation reveals a striking parallelism between orthopnea and
f,enary engorgement. Even in the upright position the patient

ih some pulmonary engorgement has congested lungs with a diminished
‘}piratory reserve (vital capacity). This causes the patient to
:}roach the threshold of dyspnea. The congested lungs also become
;Q site of origin of a reflex through the vagus nerve to the res-
{ atary center, which causes rapid breathing and greater ventilation
‘ﬁ\encroaches further on the respiratory reserve by increasing the
:ationt: Ventilation/vital capacity. When the above patient lies

n there is a shift of blood from the abdomen and other parts of
body to the chest, this being due to gravity and a short period
7_1ucrease in the output of the right ventricle. This with the
%=§anical effect of a high diaphram decreased the vital capacity
further causes reflex stimulation of respiration. The gquotient,
2ﬂtilation/vita1 capacity, undergoes a further rise, which now
gnllos the treshold and the patient becomes short of breath. On

atting up the reverse occurs and he gets relief.

We Ge Harrison, Jr., has stressed the importance of increased
isternal pressure in the region of the medulla in the recumbent as
j.paired with the upright posture in a patient with systemic con=-
estion. If systemic congestion also appears in addi¥ion to pul=-

fnary congestion, the increased venous pressure causes an increased
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f%ition of spinal fluid with a subsequent rise in intra=cranial
hlure. Possibly by a reflex mechanism this rise in intra-cranial
f‘ure hay lead to further increase in the venous pressure. Assump-
Av;f the upright position leads to reduced intra=-cranial pressure

: a consequent decline in venous pressure and diminished reflex

piratory stimulation. Thus orthopnea is in main due to pulmon=

feongestion, but is aggravated by systemic congestion.

Altschule has mentioned the effect of pressure of abdominal
itra or ascites on the diaphragm and thus interfering with the free
ement to some degree (based on frequent occurrence of orthopnea in
lonts with ascites due to other causes, such as cirrhosis or
;lllls). He also considers that the greater ease of thoracic

ilant in the upright position may be a contributory factor. On
;;hele Altschule seems rather hesitant in giving the exact mech~-

s of orthopnea, but his views are presented in diagram form in

s below. % High venous pressure
& in respiratory center

8 Orthopnea
‘Increased ease of Xa eg\\\\‘\\\\\
;ovement of thorax Decreased arterial Increased cerebro=

gin the upright oxygen saturation spinal fluid
_ pressure
I Low cardiac
| output
| Pressure of nefficient 6;\\\\\‘~D
- abdominal viscera ——3respiratory function ecreased
and/or ascites ' negativity of
- on diaphragm intra-pleural
pressure
Diminished
respiratory A Pooling of
space o] blood in the
lungs.

FIG, 7 = MECHANISM OF ORTHOPNEA IN CONGESTIVE HEART FAILURE
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Harrison, Kirk, Fishberg and many others agree quite well as
the mechanism of orthopnea. These views have been mentioned above.
n, too, Dock's experimental evidence of the anatomical and

rostatic factors cannot be ignored. Harrison's conception of

}lochanism of orthopnea is shown in Fig. 8 below. 1In this diagram
fivos no mention to the part that systemis congestion may play
?lcreasing the intra-cranial pressure as described above, although

recognizes that this may be of some importance.

iin Ventilation Vital Capacity Morz{;ongestion of Lungs

Dimin shed Respiratory Further Reflex "Additional

Reserve Increase in Decline in
Ventilation ital
\\\\\\}‘ Capacity
Dy®pnea

FIG. 8 - DIAGRAM OF THE MECHANISM OF ORTHOPNEA (Harrison)

4 (and)

' Overwork(or ) Disease of Left Ventricle Assumption of Recumbent Posture

4 Dilatathn of Left Ventricle Temporary Increase in Venous

Mitral Stenosis return.
Rise in Pressure in Left Auricle Temporary Increase in Output

of Right Ventricl
Congéstion of Lungs Shift of Blood from
i \\ﬂ abdomen to chest
' Reflex Increase Decreafe in

Precipitating Factors
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D. Evening Dyspnea

The term, evening dyspnea, according to Harrison applies to

i‘"type of respiratory discomfort which developes gradually in the

rse of the waking hours, reaches its maximum before bedtime, and

*}orthopnea in that it occurs even though the patient remains in
égnd in the same position all day long, and it differs from par-
riul dyspnea in that its onset is during the waking hours, and that
has a gradual onset rather than a sudden onset. This symptom is
flarked in those patients who have initial strain on the left
?icle.

.

Arterial blood samples taken at intervals throughout the day

jion tended to be a little greater in the evening (Harrisom). Thus
?son concluded that a gradual shift of reaction of the blood to the

iaide was not the cause of evening dyspnea.

Harrison did find that the respiratory rate was slightly in-
R.d toward evening and the ventilation was increased. Normally
fcntilation ratio, ventilation/vital capacity, is 1.5 to 2.0.

pts with evening dyspnea had resting ratios of 3.3 in the morn-
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:jthat during the day they have a slight decrease in vital cap-
:?y and a moderate increase in ventilation, which causes the ven=-

;tion ratio to increase and cross the threshold of dyspnea.

4 The oxjgen consumption in Harrison's cardiac patients was
;ﬁho average 10% higher in the evening than in the morning. This
ereased metabolic rate could not be the direct cause of greater

jpiration as normal persons have a metabolic increase of 15% in

f evening with no increase in ventilation.

It has been shown that only a small decline in vital capacity
?-bo responsible for an increased ventilation. In the morning the
functions are low but as the day goes on the increase in activity
ifho organs tend to be associated with increase in their blood

;11. Thus the venous return to the heart is greater at the end of
f,day and the output of the right ventricle tends to increase. If
%vloft ventricle has less reserve than the right ventricle it will
 less able to expel the oncoming blood, and congestion of the lungs
sults. This sequence of evenis is not in accord with the "diminished-
;put" theory of dyspnea. There is a relative diminution of the out~
; of the left veniricle as compared with the right, the difference
flg very small == 100 or 200 ce. out of a total cardiac outﬁut of
;laast 1000 liters in 12 houes == as to be without significance

gl viewed as a decrease in the blood supply to the tissues. Thus

ing dyspnea. like the other forms of dyspnea discussed above is



Dilatation of Left Ventricle

Rise in Pressiure in Left Auricle

|

Congestion of Lungs

Reflex respiratory Decreased vital
‘stimulation capacity

Diminished Respiratory Reserve

in origin, and is due to "back-pressure”.

The more active the patient during the day the more likely he
1-have evening dyspnea. Orthopnea often accompanies evening dysynea.

ison's diagram of the mechanism of evening dyspnea is shown in PFig.

Increased Metabolic Demands
during Day (as compared
to night)

Increased Venous Return

Increased Degree of Pulmonary
Congestion

Precipitating Factors

Dyspnea

| FIG. 9 - THE MECHANISM OF EVENING DYSPNEA (From Harrison)
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E. Cardiac Asthma

The dramatic and terrifying attack of cardiac asthma is a well

mclinical picture. Numerous theories have been proposed to ex~

in the pathogenesis of this condition. It is a phenomenon clearly
zeiated with left ventricular failure. Cardiac asthma is not im-
?at-ly incited by obvious physical exertion; in fact it occurs
often when the metabolic demands on the circulation seems to be
f minimum, namely, during the early hours of sleep. These facts
icate that there are factors in the psthogenosis of cardiac asthma
do not participate in the production of exertional dyspnea;

;o are, of course, pathogenetic factors common to both forms of

pnea, and the underlying basis of both is largely identical.

The "insufficient aeration™ hypothesis first considered paroxy-
| dyspnea as being due to congestion ot the lungs, which caused
3§api11aries to encroach on the air séaces thereby interfering

f the ventilation of the lungs and causing defective aeration of
;blood. Another investigator considered that the decreased

ﬁtlon was due to the rigidity of the lungs. Other modifications
this theory resulted, but the end result is thal all of these

| ies of diminished aeration of the arterial blood as the cause of
ﬁiae dyspnea have been discredited by recent investigators. Their
?105 also agree that a mild alkalosis rather than an acidosis of

| arterial blood occurs except in cases of extreme pulmonary dis=

}0 Thus the "diminished cardiac output" theory (accumulation of
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E metabolites in the respiratory center dependent on diminished

ebral blood flow due in turn to decrease in cardiac output) was

n to be incorrect by the fact that arterial blood and blood
;ined from the internal jugular vein of patients with dyspnea
Qod to show any alteration in hydrogen ion concentration, carbon

l}ida content or oxygen content.

Some authors believed in the "nervous™ hypothesis, which held

# syndrome had its genesis in the nervous system. Brunn and others

the tissues into the blood stream, and that this led to pulmonary
;ostion which resulted in decrease in the residual aie, which in
caused reflex stimulation of breathing. Basis for the latter

}ry was placod.in the fact that the use of diuretics may prevent
Fcks of paroxysmal dyspnea. Harrison reasoned that if there was
tufnal passage of water into the blood stream the hemoglobin con=-
tration of the blood of these patients should be lower in the

‘ming than in the evening. He found the reverse to be true, and
this as strong evidence against the "water-shift" hypothesis.

other theories have been proposed but have been found inadequate.

Then what is the mechanism of cardiac asthma? It has been
2n by many and most investigators that disturbances in the lesser
ilation play the predominant role in causing this phenomenon. Pul=-

; y engorgement has been found to be of prime importance in cardiec
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éhn;. The pulmonary circulation time (arm to tongue) is always
ilonged during the attack, which, in view of the frequently normal
;ous pressure, is to be attributed to slowing of blood flow through

} lungs. X=-ray changes show definite increase in pulmonary engorge-

mt during the attacks.

Some of the most important evidence of the fundamental signifi=
{cc of pulmonary engorgement in the pathogenesis of at least many
}tances of cardiac asthma is afforded by the clinical course. Often
;viously severe and frequent attacks of paroxysmal dyspnea disappear
or the right heart fails, as shown by peripheral edema. Patients
ten volunteer the fact that when their legs became swollen the noc~

]&lll paroxysms disappeared,

Weiss and Robb have done much to prove the predominant role
layed by pulmonary engorgement in the pathogenesis of cardiac asthma.
jfy find that in many patients with this type of difficulty the sys-
f ic circulation is hardly impaired, as shown by normal cardiac
¥%put, arteriovenous oxygen difference and venous pressure. On the
j)or hend, they found-conculsive evidences of passive engorgement
lthe pulmonary circuit, namely, increased in the blood content of

‘; lungs, slowing of pulmonary circulation time, decreased vital
;pacity, and hypertension of the lesser circulation. All of these

s well as the clinical manifestations of pulmonary engorgement are

iiatly intensified during the actual attack, Thus it is established,
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}Tishberg states that "cardiac asthma develops on the terrain of
j~onary engorgement and the actual paroxysm accompanies an inten-
éication of the engorgement."” Thus both exertional and paroxysmal
fﬁnea are fundamentally of similar pathogenesis, resulting primarily

'ﬂanso of passive congestion of the lungs.

Harrison has generally found that changes in the blood gases

re not of a nature to be a very great factor in the genesis of cardiac
ﬁhna. He also observes that patients who are subject to attacks of
%oxysmal dyspnea have, in the intervals between seizures, abnormally
?jlt ventilation and abnormally low vital capacity. During the seizure
“; vifal capacity becomes still lower and the ventilation increases.
'él the resting'ventilation is increased, This change in a person
‘%oady close to the threshold of dyspnea will be associated with

espiratory distress.

Bedford feels that fhe most obvious soiution is a sudden dis=
:Lportion between the two ventricles, and this might result éithar

'om increased output of the right ventricle or from a diminished out~-
of the left. Tachycardia and the unfilled veins suggest increased
{}diac activity in which the left ventricle is outstripped by the
';ht. Bedford states that without accepting this view entirely

‘)ro is no doubt that once a patient is awakened by pulmonary con-
\;tion the venous return will be increased by muscular movements

d by the struggling for air. Thus Bedford feels that the fact that
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roxysm ceases with the onset of right-sided failure points

lifferent circumstances an increased output from the right ventricle,
:%den failure of the left ventricle, and the recumbent posture may

Wplay some part in the causation of cardiac asthma,

Harrison then considers that certain precipitating factors
;-bo present, as cough, unpleasant dreams, abdominal distension,
:1putien, desire for urination, hunger, heat, amount of activity
jﬁg tha.day and the position of the body. All of these precipita=
} causes are things that patients themselves propose as associated

i the paroxysm.

The importance of the recumbent position can easily be understood
fﬁwstudying the above consideration of orthopnea. Possibly the

ant falls asleep in the som;-orthopnea position and then slides

m in bed and blood is displaced to the pulmonary circuit which re-

%i in further decfoase in vital capacity and increase in ventilation,
ct finally become so great that the dyspnea awakens the patient.
;-does not explain nearly all cases of cardiac asthma, so other

tors must play a parte.

Sleep may be of great importance in that it lessens the sensit-
xy of the central nervous system, and this may allow pulmonary

irgement resulting from other factors (as assumption of the recumbent



-93-

?tion) to attain a mush higher degree before reflexly inciting an
ioaac in ventilation than is the case when awake. This role has

v;us yet been proven, but it seems probable.

Such precipitating factors as dreams are difficult to evaluate
;etively, but it would seem plausible that fear or other emotion
;)npanying a dream may increase venous return to the heart and thus
omote pulmonary engorgement in the presence of a weak left ventricle.

ilson showed that sudden fear increases ventilation.

The resorption of edema or nocturnal "water=-shift has been
fusaed above and was sgown to be of little consequence by Harrison,
{\o the*oxygan capacity of the blood was found higher in the morning
: in the eveﬁing and thus probably no reéorption of fluid and dil-
B the 11002 takes place at night. Fishberg, in spite of this,
ks that, in individuals who are up and around during the day,noc-

roal resorption of fluid may sometimes be an accessory factor in

;Tioading the heart at night.

Harrison stresses the importance of cough as a precipitating

Eter in cardiac asthma. He also believes that cough may help maintain
e attacke He bases these conclusions on experiments in which he

";d that coughing caused reflex stimulation of respiration from the
 en1ar movements involved, caused an increase in the metabolism

jnuso of the muscular work involved, caused reflex respiratory stim-
ation by increasing the venous pressure, and initiated a vicious

;ic, the forced breathing resulting from coughing and producing
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;;r cough, He explained the fact that the cough is more likely
i;te a paroxysm a%\night since, because of the decreased nervous
igbility during sleep, the increased bronchial secretion often
fif in pulmonary engorgement accumulates until it produces a

igt paroxysm of cough which wakes the patient and there is thus
'l.diate increase in reflex irritability. Thus the cough becomes
ié and causes more dyspnea because of the associated increase in
1§ttion in a person whose respiratory reserve is already low.
‘hmd Fishberg agree in main with mechanism of cardian asthma as
'iod by Harrison. In Fig. 10 below in diagram form is the mech-

L of cardiac asthma as suggested by Harrisen.

Relief of the attack isusually obtained by getting rid of the

irbon dioxide due to increased ventilation may cause sufficient

iﬁtory depression to end the seizure. The patient may rid him=

(and)
work (or ) Disease of Left Ventricle Stimulation during Sleep
4 (cough,dreams,etc. )
latation of Left Ventricle Awakening
?in Pressure in Left Auricle Sudden Increase in Sensitivity

of nervous system
stion of Lungs

?kf// Further Respiratory Stimulation
ex Respiratory Pecrease in

ulation Vital Capacity Increased Ventilation

: v

iminished Respiratory — 3 Dyspnea
. Reserve Increased Degree of Pulmonary
A Congestion

FIG. 10 - THE MECHANISM OF CARDIAC ASTHMA (Harrison
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Thus Harrison feels the most common stimulus is the tencency

;eugh, caused by musus in the respiratory tract, but other factors
;play a role. This stimulus finally wakes the patient and the ven=-
;tion is suddenly increased because of the effect of a strong
airatory stimulus acting on a suddenly more excitable nervous sys=-
The factors mentioned above tend to relieve the attack. The
ﬁeus cycle already mentioned tends to make the paroxysm worse.

8 increased respiratory movements favor a greater return to the

b

imulation. This cycle may more than offset the factors which tend
‘relieve the paroxysm, and the seizure becomes progressively worse.
rphine is of value here because it dimimishes the sensitivity of

t respiratory center to reflex stimulation and thus breaks the cycle.

f;ry congestion to increase still more.

Bedford and Harrison both recognize the disproportion between
e two ventricles. To this writer this disproportion seems of extreme
tportance in the pathogenesis of all forms of dyspnea (since dyspnea

i mainly a result of left heart failure).

Harrison has shown that certain patients with cardiac disease
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auricular pressure resulting in a still greater degree of pul=-

lary congestion. Once the seizure sets in the blood pressure is
1ally elevated", Direct evidence is lacking as yet concerning

ls latter possibility.

Fishberg brings up the problem as to why paroxysms of cardiac
:ina are so much rarer in the pulmonary engorgement of mitral sten-
is than in that of left ventricular failure. This remains to be
{lined, but Bedford has suggested that the acute pulmonary edema
}ﬁitral stenosis does not develope when the left auricle is grossly
@tcd, or is fibrillating (thus the left auricle may act as a

Shion to the lung).
F. Cheyne~Stokes Respiration

This is also a type of paroxysmal dyspnea. It usually occurs
7@1der patients than cardiac asthma; the seizures are most marked
:ﬁ,at the onset of sleep; the condition is rarely complicated byacute
:Qonary edema; and the type of dyspnea is periodic. In these ways

f‘ne-stokes respiration differs from cardiac dyspnea.

Cheyne-Stokes respiration usually infers a rhythmical waxing

iwaning of the depth of the respiration, usually having an associated
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od of apnea between the periods of hyperpnea. As stated, this
pomena may occur at the onset of sleep, or may occur during the

‘and be more pronounced toward the sleepimg period.

There is good evidence that oxygen deficiemncy is concerned in
igenesis of at least some forms of Cheyne-Stokes breathing. Some
jors go so far as to even consider it the whole cause. However
fison feels that anoxemia cannot be the sole cause or even the chief
io of periodic breathing. Fishberg considers oxygen deficiency is
importance only under certain conditions and in association with
faétors. Although periodic breathing cannot usually be abolished
breathing oxygen it can be modified by the administration of this

== the phase of hyperpnea being prolonged and less stormy, and the
;vd of apnea shorter. Clinical observation shows that oxygen de=-
}oncy per se does not suffice to cause Cheyne-Stokes breatliing.

ipntients with right ventricular failure secondary to pulmonary

%ons and those with congenital heart disease, who may be cyanotic

ijears, rarely develop periodic respiration. Thus the conclusion
wn is that anoxemia may be important in the pathogenesis of per-

iﬁe btgathing but only in association with other factorse.

Depression of the carbon dioxide tension of the arterial blood
:ﬁrs the development of Cheyne-Stokes respiration. However,Fishberg
}il that low carbon dioxide pressure in the arterial blood is not

i)cessary condition for the occurrence of Cheyne-Stokes breathing.

' cites morphine poisoning as an example where there may be periodic
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Jﬂirution despite very high carbon dioxide tension in the arterial
)od; however, the inhalation of carbon dioxide abolishes the per-

‘jcity of the breathing, showing that the latter is conditioned

her factors in the regulation of respiration, especially the
ﬁjitivity of the respiratory center. The general conclusion by

‘t investigators is that lack of carbom dioxide is an important
{ter in the production of Cheyne=Stokes respiration. This sub=
LFiated by the facts that periodic breathing can be produced in
rmal men bf loss of carbon dioxide due to over ventilation, that
l"‘smmo procedure is ineffective if the alveolar carbon dioxide is
éutained at a normal level, and that periodic breathing is usually

opped by breathing air with high concentrations of carbom dioxide.

Harrison from observation or recordings, gives the following
f‘anation: "It can be seen that during apnea the oxygen saturation
finishes at first slowly and then-when the alveolar oxygen tension

§ decreased to a point corresponding to the steep part of the oxygen

ssociation curve--more rapidly. This decline continues until just
'ter the beginning of breathing and then the oxygen saturation
Jsptly rises to a normal or a supernormal level and remains through- .

the remainder of the hyperpneic phase.

"The behavior of carbon dioxide is rather different. Shortly
fter apnea begins this gas accumulates in the blood, at first rapidly

then more slowly. Soon after the omset of breathing the carbon
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gxide content begins to decrease. During the crescendo phase of
}crne: the rate of carbon dioxide loss increases and then the

1fretion becomes slow as the breathing becomes diminuendo.

"These differences between the behavior of the two gases are
"accord with what one would expect from the differences in their
i;siological properties, the changes in carbon dioxide being more
?7dutl because its dissociation curve approaches a straight line.
‘}gen on the other hand exhibits little change so long as oxygen
‘;sion is in the normal region because at this‘point its dissoc=
i}lon curve is almost flat. However, when oxygen pressure is low
1@ dissociation curve is more néarlu ventricle and hence, once this
;int has béeh reached, the decreased in the amount of oxygen in the
EQod at the end of apmea, and the increase shortly after the onset

f breathing occur with great abruptness.

"The pH cur;e is of especial interest. At the beginning of
G ¢athe blood becomes rapidly more acid, but toward the end of apnea
?pro is either no further change or a slight increase in alkalinity.
;o latter phenomenon is £o be attributed to the rapid conversion of
xyhemoglobin into the less acid reduced hemoglobin. At the omset of
gyuthing there is a very slight initial rise in pH because the carbon
}oxide begins to decrease immediately. However, this is followed by
?;econd acid peak which occurs at the same time as, and is due to,

%o sudden oxygenation of the hemoglobin. Consequently, since the

j0st acid point in the cycle occurs several seconds after the onset of
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reathing, the respiration is cresceando in type. After the blood
g; become oxygenated the further effect of breathing is to cause
he blood to become more alkaline from loss of carbon dioxide and
result is the second or diminuendo portion of the hyperpneic

ase. Then apnea occurs and the cycle repeats itself.™

i Thus both oxygen and carbon dioxide are considered important
the production of Cheyne=Stokes breathing. Lack of either gas

ends to produce it. However there are other factors which play

‘part, as periodic breathing may exist in patients whose blood is

mal in respect to oxygen and carbon dioxide.

ﬁ: Diminished irritability of the respiratory center is considered
' be a factor of importance in the genesis of some forms of Cheyne-
tokes respiration. It seems likely that both sleep and morphine

ad to Cheyne-Stokes respiration through this mechanism which elevates
e threshold of carbon dioxide in the respiratory center, which in

le end is similar fo decrease in the carbon dioxide tension in the
;tod due to hyperventilation. Fishberg feels that this results in

e trungfer of the "lead" in the chemical regulation of respirationm

rom carbon dioxide to oxygen.

The effect of the immediate onset of sleep has been mentioned.

E‘ever after a patient has slept for a while the decreased ventilation

:‘;ssociated with a gradual rise in the carbon dioxide tension of the

@od and this is likely to abolish periodic breathing. In cases of
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';ore respiratory or coma the duration os apnea may be so long as to
'zew marked arterial anoxemia, and then when breathing sets in there is
:‘ovarshooting of hyperpnea because of the sudden increase in acidity due

i the rapid oxygenation of hemoglobinm. ;

Eyster and Cush;ng have shown that when spinal fluid pressure was
fcroased artificially, alternating waves of respiration were produced.

 0;0 were associated with alternating waves of arterial blood pressure and
Zintl fluid pressure, and Cheyne=Stokes respiration ensues. Such conditions
‘?o also seen in states of increased intra=cranial paressure as in brain tu-
ir:, cerebral hemorrhage and uremia. Thus it was felt that the respiratory
&riodicity was secondary to circulatéry periodicity. T. Re Harrison feels
:1at as a rule the blood pressure changes were the result rather than the
l}uso of Cheyne=Stokes respiration. He admits that there is evidence that
:@creased'intra-cranial pressure may be important in certain instances be-
J.use we can sometimes abolish Cheyne-=Stokes respiration by a lumbar pun=
:ture and reduction of spinal fluid pressure. Fishberg also feels that

;his factor may be of importance in some cases. We. Go Harrison, Fr., has
?ound‘an increased spinal fluid pressure in a large proportion of patients
with cardiac failure, and he feels that the Cheyne=Stokes respirations

?ay be initiated by alternating waves of arterial and increased spinal

iluid pressure as a direct result of increased venoue pressure. He considers
fheyne-stokes respiration as a compensatory phenomenon im which the indiv-
kidual unconsciously attempts to keep his arterial blood pressure ratio

'level above that of repidly rising spinal fluid pressure in order to keep

'the cerebral circulation intact and ibeprevent prolonged cerebral anemiae
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Fishberg presents the point that decrease in circulation through

medulla may be a factor im the production of Cheyne-~Stokes respira-
fién. He states that this type of breathing is especially apt to ensue
;n hyperténsive and arterio-sclerotic heart failure after the bloo@ pre=-
;ture has fallen somewhat, and that this factor may‘piay a part in cutting

down the blood flow through the brain.

Thus Fishberg considers that five factors might be of importance in
Qtusing Cheyne-Stokes respiration. The importance of any one of these vary
in different cases. Below are listed these factors:

l. Oxygen deficiency.

2, Decrease in the carbon dioxide content of the arterial blood.

3. Diminution in the sensitivity of the respiratory center.

4, Increase in the intra=cranial tension, which produces respiratory
periodicity indirectly through the intermediacy of cerebral
periodicitye.

5« Decrease in cerebral blood flow.

Harrison's conception of the mechanism of Cheyne=Stokes respiration

fs shown in the diagram in Fig. II.

According to Harrison two essential iniating factors are over-ven=-

idepression of the chemical control by this gas. Thus the blood is too
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much aerated as regards carbon dioxide and too little aerated as regards
ixygen., The result is a waxing and waning of respiration, which produces

the sensation of dyspnea in patients so predisposed by pulmonary congestion.

Underlying Factors Precipitating Factors at Onset

oA of Sleep -
Fatigue of Left Side of Heart Fatigue and Removal of Stimuli

Congestion of Lungs

} : z// \\N Somnolence

Decreased Vital Reflex Stimulation DecreasedIrritability of Resp=
Capacity of Breathing iratory Center :
(if sudden) (if gradual)
Overventilation
Apnea Decrdased
Decreased Arterial ventilation 7

carbon dioxide
Anoxemia Gradual in-

crease in CO
Mild Periodic ¢

Breathing (or a Increased alka-
tendency toward it 1linity of Blood Abolition of
in resting state) (as HbO, HB) Periodic Breath-

ing
Prolongation of Apnea

Severe Anoxemia
Onset of Breathing

Decreased acidity of Blood
(as Hb J:boz)

Crescendo Breathing

Awakeniig
Sudden lIncrease in
Irritability of Resp.Center
v
Decreased Respiratory
b Reserve \\\\sDyspnea——-—-——__; Severe Hyperpnea

\ FIGe. 11 - THE MECHANISM OF DYSPNEA OCCURRING AT THE ONSET OF SLEEP
y : (from Harrison)
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Ge Edema

Even though the blood plasma and the tissue fluids have somewhat

different compositions are in separate "compariments", they are essentially
Fh uniform medium. In maintenance of normal blood volume the interstitial
fluid is the first line of defense. Its usual volume represents a large
'Qargin of reserve. Loss of fluid, as in dehydration, is replaced quickly
;t the expense of the tissue fluid. On the other hand the tissue spaces
}can accomodate increased amounts of fluid filtered from the capillaries

Wwith little or no difficulty.

The mechanism of fluid equilibrium between the blood and tissue fluid
is eaéily understood. The blood flows through the capillary network under
:pressure which, if unopposed, filters fluid from the blood plasma through

1¥he capillary wall into the tissue spaces. The capillary wall, though per=-
meable to water, salts and simple organic compounds, is, in most tissues, re-
#utively impermeable to plasma protein. Those substances (salts, urea, creat~
;Ane, glucose, etc.) which pass easily, and are present in approximately

j?qual concentration in the plasma and the tissue fluids, cannot exert a per-
;;unent osmotic pressure across the capillary wall and should not, therefore,
jtffect the distribution of fluid except temporarily. Plasma proteins, by
ireason of their greater molecular dimensions, are retained by the capillary
{rall and thereby develop a small but physiologically important colloid
;ysmotic (or oncotic) pressure which, if unopposed, leads to the absorption

Eof fluid from the tissue spaces.

The capillary blood pressure at heart level is 32 mm. of mercury at

ffhe arterial capillary and 12 mm. of mercury at the venous capillary. The
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‘n.verage normal colloid osmotic pressure of blood plasma is about 24 mm. of
‘mrcury. Albumin is osmotically the more active because of the smaller

‘molecule -- thus also more easily goes through the capillary wall. A

‘schematic expression of this mechanism is shown in Fig. 12,
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FIG., 12 = DIAGRAM ILLUSTRATING FILTRATION AND ABSORPTION THROUGH THE
CAPILLARY WALL IN RELATION TO CAPILLARY BLOOD PRESSURE AND COLLOID

OSMOTIC PRESSURE OF PLASMA PROTEINS (From Stroud and Vander Veer=

45).
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Edema may be defined as the abnormal accumulation of fluid in the
fiterstitial compartments. Cardiac edema may apply to the lungs or to
the general systemic circulation. This chapter will consider mainly sys=~
}0m1c dropsy. Systemic dropsy is usually a late phenomenon of cardiac
bisease mainly because it is usually dependent on failure of the right

fontricle which often takes place relatively late in the patient's course.

It is generally accepted by most investigators that the factor of
prime ;mpqrtance in the formation of systemié cardiac edema is the increased
jvenous pressure which in turn gives elevated capillary pressure (shown in
Fig. 12B). There is no compensatory increase in the osmotic pressure of
the blood and increased filtration of water to the tissues results.
Harrison feels that at first there is increased lymphatic flow to try to
compensate for the increased tissue fluids As the venous pressure rises
this compensatory mechanism is insufficient and edema results. Such pro=
cesses are most marked at the dependent portions of the body due to the
fact that gravity tends still further to impede the upward drainage of
lymph and increased the venous pressure. Harrison states that when ven=
ous pressure becomes high it interferes with the emptying of the thoraciec
duct, and thus is a slight factor in edema formation. Altschule feels
that the absence of normal lymph flow in cardian patients is an important
factor in edema formation, but that the mechanism of the reduced lymph=
atic flow is obscure. Altschule believes that a moderate increase in
venous pressure commonly found in congestive failure constitudes an

important contributory factor, but does not result in edema formation
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unless additional influences are operating at the same time (as low
cardiac output, deficient oxygenation of the blood, low plasma protein).
Most investigators agree that other factors may be of some significance,
but they point out the prime importance of increased venous pressure in
that patients may go for months to years with cardiac enlargement and

dyspnea, and edema only sets in when the right heart finally fails.

Another factor that may play a pa?t is lowered colloid osmotic
pressure due to low plasma protein (as the result of albuminuria and
ascites, inadequate protein intake, dietary restriction and impaired
absorption, impaired synthesis of plasma proteins, raralj due to abdomin~-

al or pleural paracentesis, and increased plasma volume).

Another factor to be:considered is damage to the caplllary wall
as the result of anoxemia. Altschule, who favors the "forward~failure"
theory in part, again puts more than the usual importance on this factér.
He believes that anoxemia causes vasodilatation and increases the per=
meability of the capillaries. He bases this conception on the work of
Smirk who raises the venous pressure to the same level above oncotic
pressure of normal and cardiac patients with the result that much larger
amounts of tissue developed in the latter, and he also showed that edema
increased in patients even when the pressure of the edema fluid already
present was greater than the venous pressure. Harrisen dosn't share
this view; he feels that anoxemia plays very little part since edema
£1uid as a rule does not have high protein value. The absence of peri-

pheral edema in left heart failure and in the peripheral circulatory
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failure of shock shows that diminution of blood flow per se, and with=

out increased capillary pressure, does not produce edema.

Lymphatic obstruction due to increased venous pressure effects,
decreased physical activity and poor muscle téne has already been men=
tioned as a factor. Capiilary dilatatioﬁ, giving increased filtering
surf#ce, might be factor especially since there is increaséd venous

pressuree.

Low tissue pressure may be a rather important factor at times,
especially in cachetic patients with lax subcutaneous tissues. Loss of
weight and poor muscle tome tend to give diminished tissue pressure.
Tissues stretched by previous edema usually leave tissues without elas-

ticity, and thus edema easily reforms.

Given the tendency to edema formation, a high salt intake if
water is available will increase the edema, and conversely high fluid
intake if salt is available will increase the edema. Warm enviromment
tends to increase all types of edema. Other factors not usually im=-
portant in cardiac failure are disturbed innervation (increased edema

of paralysed extremities), mixed edema, and hormonal abnormalities.

Altschule feels that edema of congestive failure is usually not
due to the operation of any one factor, but the result of a combined

of sub-maximal or even minimal changes in many factors.

]
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In Fig. 13 below is Altschule's complex mechanism of cardiac
edema formation: Note the importance he places on low cardiac output

(since he favors the "forward-failure" theory in part.

Dyspnea
Elevate¢4————””——‘

Venous Pressure €— Low Cardiac
< Output
Inactivity NaCl Increased

Blood VolumeN
Capillary
‘ Dilatation
. Low Tissue. o Edema &—JIncreased N%
- Tension g capillary Apoxemia
3 T » permeability /
i Low arterial
. Malnutrition —— Low Plasma oxygen sat~
| Protein /' uration
i 38

b Poor Lymphatic
" Impaired G.I. Paracentesis Function.

}Function Albuminuria

FIG., 13 = MECHANISM OF EDEMA FORMATION IN CONGESTIVE HEART

FAILURE (from Altschule).
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The points on which Harrison and others disagree with the above

‘have already been discussed. It seems to this writer that Altschule

summarizes all the possible factors involved in cardian edema formation,
but that he tends to put too little importance on the really big factors,

and too much importance on the insignificant ones. Stroud and Vander

Veer give the following list of Possible factors in the pathogenesis of

cardiac edema in the usual order of their importance:

l. Elevated capillary pressure (increased venoue pressure,
increased blood volume, increased intra-pleural pressure).
2. Loweéred colloid osmotic pressure (albumfauria, ete.).
3+ Damage to capillary wall (anoxemia). L
4. Lymphatic obstruction.
5 Capillary dilatation.
6. Low tissue pressure.
7« High salt intake (with available water),
8e High fluid intake (with available salt),
9. Warm environment.
10. Disturbed innervation.

ll. Miscellaneous = - Vitamin deficiency, hormonal abnormalities,
etce

12. Other diseases -~ edema of mixed etiology.

It may be of interest to consider for a moment why there is a
preponderance of right hydrothorax in patients with heart failure.
Dock's anatomical studies of the chest may be of importance here. He
has found that the pulmonary venous outflow from the right lung of an
adult in the right lateral recumbent position must be lifted 10 em. or
more to reach the left ventricle, and that from the left lung, when in
the left lateral position need be lifted orly 5 ecm. Thus the average
venous pressure needed to maintain the flow of blood will be much higher

in the right lung than in the left, even if the individual spends equal
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perio@s lying on the two sides. In patients, like cardiacs, who favor
right lateral decubitus, this difference in average pressure between
the venous beds in the lungs will be increased. This might be of great
importance in explaining the preponderance of right hydrothofax over

left hydrothorax.



THE MINOR PHENOMENA OF CONGESTIVE HEART FAILURE

Our discussion of the following signs and symptoms will be brief,
since our knowledge is limited and these phenomena are usually of less
importance than those discussed above. It may be mentioned that in cer-
tain individual cases ome or more of the following manifestations may
be of major significance to that patient. There is a wide field for

further study along these lines.
Ae Cyanosis

Altschule considers cyanosis a common finding in cardiac decom-
pensation, and that the omnset frequently precedes that of edema and
orthopnea, but rarely, except in patients with congenital heart disease,
that of dyspnea. Harrison states that cyanosis is most likely observed
in elderly patients with emphysema or other chromin pulmonary disease, in
patients with rheumatic disease of one or both of the auriculo-ventricular
valves, and in persons with congenital malformations of the heart. If
acute pulmonary edema is present cyanosis is likely to appear. It is not
common in hypertensive or syphilitic heart disease. Many consider that
cyanosis tends to predominate over dyspnea in right heart failure and

dyspnea over cyanosis in left heart failure.

"He speak of cyanosis when the contribution of the reduced hemo-
globin of the skin becomes marked enough to influence it discernibly in

the direction of blue™=-~ Fishberg. According to this gquotation the
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primary condition for the production of cyanmosis is probably an in-
crease in the concentration of reduced hempglobin in the blood of the
venules and capillaries. It has been shown that the presence of un=-
satured hemoglobin in a concentration of at least 5 grams % is necessary

for the production of cyanosis.

The ashen gr;y cyanosis of acute heart failure, as after cor-
onary thrombosis, is due to the diminished cardiac output and consequent
increase in ‘the amount of reduced hemoglobin. Decreased arterial blood
oxygen saturation may be important in cyanosis formation, especially if
such conditions as emphysema, pneumonia, large infaration, pleural ef-
fusion or severe .pulmonary edema complicete heart failure. Decrease in
blood flow through the tissues with a resulting increased capillary re-
duction of“oxygen may be important in the formation of cyanosis (seen by
the arteriovenous oxygen différance), and this factor is especially im-

portant in peripheral circulatory failure as shock.

However, Harrison and many others feel that the cyanosis in chronic
cardiac failure is usually a rather faint reddish blue tint confined to
the lips and finger nails, and is due primarily to increased venous pres=
sure and consequent increase in the size of the venules and venous ends
of the capillaries as compared to the size of the arterial capillaries.
Altschule dosn't feel that this is of such great importance, but that it
merely exaggerates the degree of blueness already present. Thus right
heart failure with increase in the venous pressure results in distention

of the venules and venous ends of the capillaries (subpapillary venous
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and capillary networks).

Thus cyanosis may result from changes in the blood present in the
skin (includes lowering of the arterial oxygen saturation before the
blood reaches the tissues, and extraction of abnormally large amounts
from each unit volume of blood in the tissues), or from the increased
amount of blood in the skin (increased venous pressure resulting in
greater capillary and venule dilatation). Congenital heart disease
where there is a direct shunt falls into the former group., However in
the majority of cardiac cases without pulmonary complications the cyan=
osis is due to increased venous Pressure and thus dilatation of venules

and venous ends of the capillaries. It may be mentioned that patients

with very high hemoglobin may be cyanotic and anoxic (polycythemia), or

that patients with very low hemoglobin may be anoxic and not cyanotic

(anemia).
:
§ Be Tachycardia

The advantage of tachycardia is that the more rapid rate enables
f the heart to accomplish a given output with a smaller diastolic volume
than is the case with slower rates., Thus it tends to diminish the venous
pressure and to prevent further dilatation of an already dilated heart.
Harrison feels that this advantage is more than offset by the disadvan~
tages. A fast heart has less mechanical efficiency, since excess emergy
is used in opening the semilunar valves more frequently, the circulation
of the myocardium may be impeded, and the shortened recovery period may

be inadequate for oxygenation of the fibers.
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It is generally felt that the tachycardia is of reflec origin,
and is due to rise in venous pressure (Bainbridge reflex). The efferent
path lies in the iagus, and part of the efferent path is in the vagus
(diminution in vagus tone), and part in the sympathetic system(accel-
orator tone increased). Fishberg states that the carotid sinus and
aortic reflexes may play a part in the tachycardia, especially in ad-
vanced heart disease where the cardiac output is diminshed and the

blood pressure is low,
C. Gallop Rhythm

This phenomenon is charterized by the occurrance of three hearts
sounds during each cardiac cycle. The extra sound is actually inpepen=
dent and not merely a splitting or reduplication of the normal two

sounds., Fishberg has divided gallop rhythm into two types, auricular

gallop rhythm and gallop rhythm due to an accentuated third heart sound.

It has been conclusively shown that the adventitious sound in
auricular gallop rhythm appears at the time of auricular systole.
Fishberg considers that the extra sound in this type of gallop rhythm
results from auricular systole, else it would not disappear during
auricular fibrillation. He feels there is an abnormally powerfal con=
traction of the auricle as revealed by the large auricular excursion in
the cardiogram. He thus considers that auricular gallpp rhythm is the
result of an exaggeration of the sound normally produced by auricular

systole due to more forceful contraction of the auricle. Harrison
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considers gallop rhythm as due to an almost taut ventricle which does
not dampen the auricular sound, and that there is also usually a more

- marked auricular pressure with possibly a stronger auricular contraction,
Fishberg also recognizes the importance of the taut ventricle. According
to Fishberg, this auricular gallop rhythm is usually considered to be pre-
systolic in time, but the time in the cycle may change due to tachycardia

or partial heart block.

Harrison does not divide gallop rhythm into two varieties. He
.feels that the protodiastolic typé is due to the taut ventricle and in-

rushing blood from the auricle (the same mechanism as he upholds for the

presystolic type). Fishberg feels that there is definite proof that the
g protodiastolic sound is due usually to the accentuation of the third

é- heart sound, since the physioloéical third heart sound occurs at the end
of the protodiastolic period of rapid ventricular filling and seems to
be in some way produced by this filling. There is an exaggerated pro-
todiastolic wave iﬁ the cardiogram of those with this form of gallop
rhythm, which would indicate that the accentuation of the third heart
sound is due to an increase in the pressure at.which early diastolic
filling occurs, thus being indicative of increased venous pressure (pul=-
monary venous pressure in the usual left-sided gallop). Thus the only
differentiation that Fishberg makes is that in the presystolic gallop
rhythm third sound is produced in part by auricular contraction, and in
the protodiastolic gallop there is no element of auricular contraction.
In reality, then, Harrison and Fishberg agree on the mechanism of gallop

rhythm, but Fishberg has considered the subject a little more deeplu.
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&
Harrison states that auricular pressure is higher and there is dila=
'tation of one ventricle at least causing it to be taut, then "at the
beginning of diastole the blood rushes more suddenly than normal into

a ventricle that is already almost taut. The sudden increase in tension
may produce a lew pitched sound, which is the 'ectopic' sound of the
gallop. Likewise at the end of diastole the auricular contraction causes
a second sudden increase in thé intra=-ventricular tension which may

produce a sound."

Thus gallop rhythm indicates that one or both of the ventricles
is dilated. It is usually considered a relatively early sign of dilata-
tion and hence of impending congestive failure. It is of grave prognos-

tic significance, and indicates an urgent need for therapy.
De Functional Regurgitation

Without going into this condition in detail it may be mentioned
fhat the mechanism of functional regurgitation is not entirely clear.
However, two factors seem to be of most impor£ance in the pathogenesis
of this condition. The first is weakness of the myocardium surrounding
the valve ring., The other is displacement of the attachment of the pap=
illary muscles. In reference to the latter, this factor only takes
place when there is broadening of the ventricle and not simply from

lengthening.
E. Cardiac Pain

Everyday clinical observation show there is no direct correlation
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between cardiac pain and heart failure. Some of the most severe forms
of heart failure run their course without>any pain. Thus a full dise-

cussion of cardiac pain would be more appropriate in a consideration of
coronary occlusion, syphilitic, aoritis, aneurysm, pericarditis or car=

diac neurosis, besides other factors of pleurisy and arthritis of the

spine.

We will limit our discussion to saying that, while the cause of
cardiac pain is still controversal, the essential pathological Physiology
underlying pain in the heart is believed {0 be anoxemia of the myocard-
ium, which may be brought about by obstruction of blood channels (cor=-
onary disease), by deficiency in the quantity or quality of the blood
(anemia), or by impairment of the mechanism or pressure gradient by means
of which blood is propelled into and through the coronary circulation

aortic valvular disease aroxysmal tachycardia, etc.).
» paroxy
F. Basal Metabolism

It is generally accepted that the basal metabolism is increased

«in cardiac failure. Many investigators have concluded that the greater

oxygen consumption in heart failure is due primarily to the increased
work of the muscles of respiration. The latter results from pulmonary
engorgement in two ways: (1) Pulmonary engorgement entails an increase in
the minute volume of ventiletion, and (2) there is greater rigidity of .
the lungs and thus more muscular work is necessary for a given volume of
respiration. Thus the increased metabolic rate would appear to be due

primarily to pulmonary engorgement and consequently to failure of the
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the left side of the heart. Resnik and Friedman observed rates below
‘zero in 3 cases of constrictive pericarditis with marked systemic ven~-
ous engorgement but not severe pulmonary engorgement, since dyspnea at
‘ rest was not present. The increased oxygen consumption of the hypertro-
phied and dilated heart may also add to the increased metabolism in some

casess,

Altschule considers that the elevated basal metabolism might be
due to rise in temperature and to severe dyspnea. He also feels that
the value obtained may be too high since sick patients can't assume a
basai state, and also patients may take up excessive amounts of oxygen

in an attempt to discharge their oxygen debt.
Ge Body Temperature

Fever in some degree is considered to occur in a large propor-
tion of patients with congestive heart failure. Cohn and Steele found
that 153 of 172 persoms with heart failure exhibited a rectal tempera=-
ture of at least 100F on two or more occasions, and in 49 of these no
cause for the fever other tham heart failure was discovered. They found
that both the fever and the heart failure disappeared simultaneously.
Kinsey and White found fever in most of their cases, but found that the
fever was related to a complication rather than to the heart failure.
Complications as pulmonary infarction, broncho-pnéumonia, acti?e rheu~ |
matic fever, acute coronary thrombosis and others -- respiratory infec=
tions were important. Kinsey and White did feel that congestive failure

alone may possibly explain up to one degree of fever.

1
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Harrison considers that a slight increase in temperature may

be dependent on the increased metabolic rate. Fishberg points out

that in heart failure oxygen consumption and consequently heat produc-
tion is generally increased, while at the same time the mechanism for
heat dissipation may be impaired. Both Fishberg and Altschule explain
the latter on the fact that, when cardiac output is diminished, the
blood flow through the skin and periphery, which plays so important a
part in the dissipation of body heat, is decreased. Steele has found
that the difference between skin and rectal temperature is abnormally
great in heart failure as compared with unimpaired circulation, and that
three times as much heat is eliminated via the lungs in heart failure.
Steele also suggests that the rise in temperature might be one cause of
hyperpnea since some patients with congestive failure claim increased

dyspnea when wrapped warmly or in a stuffy room.
He. Fatigue

Harrison considers that muscular weakness is not as a rule an
important symptom of congestive heart failure. In acute cardiac col-
lapse, as with coronary thrombosis, weakness may be marked. It is ad-
mitted that patients who have been in bed a long time have asfhenia,

especially persons with cardiac cachexia.

Oshlag feels that the sensation of fatigue and exhaustion may
be prominent in heart disease and indicates the presence of oxygen debt
and of accumulation of the by-products of muscle activity. He states

that in the normal individual an augmentation in minute output compen=-
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sates for the productiog of fatigue bodies up to a certain point and
there is no sensation of fatigue. Thus he considers that the absence
of notable diminution of this reservé pover must be considered as a fail=
ure of the left ventricle and in the case of fatigue as a "forward~-fail-
ure". Altschule feels that generalized muscular weakness may be related

to abnormal creatine metabolism.
I. Gastro=intestinal Function

Loss of appetite, nausea, distention, gaseous erﬁctatioh and
flatulence are frequently complaints in moderate or severe cardiac
failure. Anorexia is often due to digitalis or morphine. Some inves-
tigators say that gastric tonus is decreased, peristalic and hunger
contractions diminished and empiying time of stomach prolonged in the
presence of anoxemia. Once compensation is restored the appetite should

return, but if it does not cardiac cachexia must be feared.

Loss of weight may or may not occue. It is more frequently
associated with rheumatic heart disease or bacterial endocarditis. Car=-
diac cachexia may develop following prolonged decompensation, and it is
characterized by anorexia, anemia, marked undernutrition, and asthenia,
Gastro-intestinal impairment is in part responsible for the loss of

weight.

Abdominal pain is most commonly due to liver engorgement. Nausea
and vomiting are most commonly due to digitalis, morphine and ammonium

chloride. Cardiac or abdominal infarction may also cause nausea and
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vomiting. Constipation is often a serious symptom because of the mus-
cular effort required to pass the stool and because of increased intra=

thoracic pressure. Mineral o0il should be used freely.
Je COU.gh

Cough is a frequent symptom in patients with pulmonary congestion
due to left ventricular failure or to mitral disease. It may be due to
the congestion or to secondary low-grade infection. Coughing throws a

strain on the whole heart and also causes a rise in pulmonary pressure.

Hemoptysis occurs under certain conditions. Brownish rusty
sputum is most common in mitral valve disease since there is often an
indurated lung of long standing congestion and hemosiderin deposits are
present in the cells. 1In patients with pulmonary congestion due to left
ventricular failure frothy blood stained sputum is more common because
the congestion is apt to come on suddenly and in severe form. Infarction
of the lungs is the most serious and one of the most common causes of

gross hemoptysis in patients with congestive failure,
Ko Liver Function

Swelling of the liver is one of the common manifestations of
heart failure, and failure of the right heart is by far the most common
cause of this passive engorgement. From the pathological anatomical
findings it cannot be doubted that liver function is diminished. How-

ever, the factor of safety is so great that fatal hepatic insufficiency
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apparently does not occur as a result of uncomplicated heart failure.

The hyperbilirubinemia that is the rule, and the jaundice that occas=
ionally occurs in severe heart failure are believed by most investigators
to be due primarily to impaired hepatic function. Livef function tests
are less likely to show abnormalities than is serum bilirubin deter-
minations. The degree of hyperbilirubipemia is considered as not nec~

essarily related to the size of the liver.

Jaundice is not so uncommon in association with congestive heart
failure. The factor of prime importance in this is generally considered
to be impairment of liver function which is a result of mechanical com=
pression of liver sells due to congestion end of enoxemia. Another fac-
tor which plays a part is increase in the production of bilirubin, which
is evidenced by the increased urobilin in the stools and increased uro=-
bilinogen in the urine. Probably the greatest amount of blood destruc~
tion takes place in the lung. Fishberg feels that a third factor of
diminution in blood flow through the liver plays a part in jaundice
formation by causing the retention-of bilirubin in the blood. Some in=-
vestigators say there is bilirubin in edematous fluid, while others say
there is not. Andrews,who is of the former view, found that the protein

content in the edematous fluid influenced the bilirubin contente.

Meakins related the degree of hepatic engorgement and central
necrosis to the increased venous pressure. Other investigators produced
the typical pathological changes in the liver by obstruction of the infer-

ior vena cava in animals. Harrison is inclined to agree with this idea
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that jaundice is due primarily to the mechanical compression of the
liver cells by the dilated capillaries (increased venous pressure).
However, Mallory pointed out that if back pressure were the cause of
necrosis in the liver it should involve the entire 1obule,’éince pres-
sure is everywhere and is actually higher in the periphery of the lobule
to maintain a gradient of pressure; thus he concluded that some toxin
was responsible for liver cell damage. Many authors, including Altschule
and Fishberg, consider anoxemia as the factor pf prime importance in the
altered histology and physiology of the liver. The fact that jaundice
of heart failure is especially apt to develop in the wake of pulmonary
infarction supports this latter idea, and some investigators have.found
most patients with jaundice of heart disease have pulmonary infafction.
It cannot be denied, however, that increased venous pressure plays a
ia;ge part in many cases of liver damage in congestive failure, ind that

in some cases no degree of anoxemia can be shown.

At this point a few views on "cardiac cirrhosis™ of the liver
may be mentionede It has long been debated whether cirrhosis of the
liver is ever an outcome of long standing passive congestion of that
organ due to heart failure. Altschule feels that diminished liver fun~-
ctions in itself is rarely. severe enough to be of clinical importance.
He states there is indicated the presence of damage which may lead to
cirrhosis, but that few live long enough for this to take place. He
further states that often on post mortem examination there is evidence

of Laennec's cirrhosis rather than "cardiac" or central cirrhosis.
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Some authors feel that chronic passive congestion never leads to
the development of cirrhosis -of the usual portal type. Bolton produced
passive venous congestion experimentally and observed not only widespread
degeneration of liver cells about the central hepatic veins, but an in-
flammatory infiltration of the portal canals leading to some degree of
cirrhosis. Katzin, Waller and Blumgart had a large series of cases with
286 deaths due to congestive heart failure. In these 286 hepatic fib-
rosis was found in 95 (being three times as common as cirrhosis found in
1714 control necropsies). They found the worst cirrhosis in cases of the
longest duration of failure. Central fibrosis was found as peculiar to
the group of cardiac decompensation‘cases. In 7 of the cardiac cases the
severe form of Lannec's portal cirrhosis was present, They considered
central cirrhosis as resulting from growth of fibrous tissue about the
central vein, due to the organization of hemorrhage or to metabolic
chaﬁges occurring as a result of repeated or prolonged anoxemea. These
investigators concluded as follows: "Cardiac cirrhosis signifying mor=-
prhologic increase in connective tissue in the liver consequent to con-
gestive failure is present in the majoriky of patients who have suffered
from even mild congestive failure for 9 months or more; fibrosis may be
central or porta1 or both. Clinical cardiac cirrhosis, signifying ex-
treme fibrosis which clearly results from chrénic passive congestion
and which causes evidence of portal obstruction, does occur, but is
rafe. The clinical diagnosis of cardiac cirrhosis can be made only
rarely, since it must be based on the findings of preponderant ascites,

a small liver in spite of elevation of the venous pressure, and part-
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icularily the presence of a palpable spleen. Not infrequently, how=
ever, the liver may be enlarged. In such cases, although increased fib~-
rosis tissue is present and the surface of the liver ié generally non=-
tender and sometimes irregular, the dilatation of the sinusoids leads

to an increase in the size of the liver."”

Boland and Willius also have published examples of "true cirr-
hosis" but they admit i% is rare. Day and Armstrong summarize fibrosis
in heart failure as being a "fibrosis affecting both the central and
peripheral parts of the lobule, having its maximal incidence beneath the
capsule and around the branches of the hepatic vein and accompanied by
parenchymatous atrophy. Cellular increase either in the form of paren=
chymatous regeneration or interstitial inflammatory infiltration is re-
markedly slight. There is always evidence of edema." From the above
findings the latter investigators figured that edema may cause fibrosis
by the direct production of conqective tissue cells extracellularily out
of an amphorous substrate. They suggested that fibrosis without cellular
proliferation occurs when edema distends the tissue spaces and that mes=-
enchymal cells are necessary only as a “diffusible stimulus” to evoke
the formation of fibrils in the edema. Thus they explain the fibrotic

changes on a purely mechanical basis.

At least it may be concluded that the majority of the investi-
gators feel that there is such a thing as "cardiac cirrhosis", and more

important that this may at times be a form of portal cirrhosis.
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L. Renal Function

Fishberg states that impairment of renal fupction is evidenced
by a diminution in the ability to form urine of high concentration, and
that the high specific gravity of the urine that is produced by kidneys
that are the seat of passive congestion is evidence that renal function
is unimpaired. However Harrison feels that the slight elevation in the
urea and non=-protein nitrogen of the blood indicates a>diminution of
renal function. Fishberg and Altschule state that in the majority of
cases the non-protein nitrogen and urea concentration of the blood afe\
not elevated, and that the urea concentration.test shows unimpaired kid~
ney function in the high concentration of urea in the urine. Harrison
does admit that in heart failure not complicated by renal disease there

is only very slight functional impairment of the kidneys.

The urinary volume is diminished in passive‘congestion of the
kidneys, and oliguria is a very early s;gn of cardiac decompensation.
While the patient is up and about he passes little urine, but when he
goes to bed at night he eliminates a correspondingly larger volume of
urine, and conseguently has to get'up once or twicé to pass urine.
Fishberg explains this in part by thelfacﬁ that there is dependent edema
and thus during the day less water reaches the kidney for elimination,
but at night when the patient is recumbent the venous engorgement of
the lower extremities is reabsorbed into the blood stream and is eli-
minated as urine. Harrison states that nocturia may be due to diuretics,

sleeplessness, or to irritation of the bladder by concentrated urine.




~128-

Another manifestation of oliguria in heart failure is the delay
in the urinary elimination of ingested water. Thus one of the most'val-
uable signs of improvement in a patient with heart failure is increased
in the volume of urine. Fishberg found that the amount of urine eli-
minated in a given time by a subject who sits up is much less for a

given amount of intake than by a patient who is recumbent.

Fishberg considers two factors as operating in the pathogenesis
of cardiac oliguria. The first and most important is the extra=-renal
retention of water in the tissues so less is available to the kidneys
for excretion. The second relatively unimportant factor is the renal
factor of decrease in the capacity of the engorged kidney to excrete
water (unimportant since the engorged kidneys are able to increase their
output considerably as correspondingly more water is mobilized into the

blood stream.

The urobilinogen centent of the urine depends on the liver fun-
ction and is increased when there is liver damage. Albumin and casts are
common constituents in the urine in congestive failure. Urea and uric
acid concentrations are found to be high. The acidity of the urine is
usually high. Hematuria of a microscopic degree occurs whenever the kid=-
neys are engorged. Gross blood usually signifies infarction of the kid-

neye.
M. Mental Manifestations

Psychoneurotic symptoms concerning the heart are very common.

It must not be forgotten that many patients have both organic cardiac
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disease and cardiac neurosis. Fishberg states that transitory illu-
sions and hallucinations are more common in heart failure than is gen=-
erally thought. Insomnia and bad dreams often accompany cardiac fail~-

ures. Syncope sometimes occurs.

On rare occasions severe psychoses result from heart failure.
Worris states that the psychosis of heart failure is characterized by
confusion, anxiety and delusions of persecution, and that the patients
are often overtalkative and circumstantial, and that persecutory de=-
lusions are dependent on the degree of associated confusion. He feels
that the fundamental cause is still unknown, but that the development

of a psychosis in a cardiac patient is of grave prognostic significancee.

Lewis considers that the mental reaction depends on the inte-
gration 6f the personality and constitutional factors other than and
. existing prior to, the cardiac disorder. Thus he feels that the serious
physicel illness of cardiac failure releases the mental expressions and

disorganizes the previous integration of some cases, while in others it

modifies the psychosis, if mental trouble is already in existence.

Michael also recognizes the rare incidence of psychoses in car-
diac failure. In his series of cases reviewed (2293) he found that dig-
italis and othér drugs were not found to cause psychoses, that syphi;is
accounted for some, that alcoholism accounted for some and arterio-

; sclerosis for some. However he found no one series of causative facterf

which were not also observed in the 99% non-psychotic subjects treated
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for cardiac failure.

Harrison believes cardiac psychosis is rare except in elderly
arterio-sclerotic patients, or in subjects with exireme arterial ano~

xemia secondary to diseases of the lungs.
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SUMMARY

We have considered in part, at least, the pathological physiol=-
0gy involved in chronic heart failure. A review of some of the pro=-
minent theories for the pathogenesis of the élinical maﬁifestations
of this condition has been presented. The "back-pressure" ;nd "forward-
failure" theories of heart failure have been compared to some degree,

A consideration of experimental works in favor of various theories
concerning the origin of the signs and symptoms of heart failure has
not been presented in detail. Volumes have been written on this sub=
Ject, and it has been our task to review rather briefly the literature
stressing especially the Harrison's monograph edited in 1935 and the

literature since that time.

The discussion has included physiological changes in other
organs and. tissues as well as the heart itself. Therapy, etiology,
pathology, diagnosis and prognosis have not been discussed. The
interdependence of the two ventricles of the heart has been noted,
and the importance of ventricular imbalance has been mentioned. The
idea of inefficiency of the heart rather than insufficiency of the

heart is stressed.
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CONCLUSIONS

Cardiac decompensation is associated with a large number of
complexly interrelated bodi}y changes. There has been wide contro=-
versy as to the importance of these changes in the pathogenesis of
the clinical manifestations of chronic cardiac failure. It would seem
that due primarily to Hﬁfrison's brilliant work there is more proof in
favor of the "back=pressure® theory than the "forward-=failure" theory;
the former is favored by most investigators and seems to be most closely
confirmed by clinical findings. However it would seem that neither
theory fits fully all the requirements needed in describing the phen-
omena of heart failure. Thus there is a wide field for further study

and experimentation.

It appears that the understanding of heart failure is to a great
degree a physiological problem, and that the understanding of the clin-
ical phenomena constitutes a problem inseparable from the physiology of
the heart and other organs. Thus a patient with congestive heart failure,
when seen by the physician, is in a definite state not only of pathol-
ogical but also of a profound and fluctuating physiological disturbance;
it is only by a knowledge of the nature and course of these physiologic#l

phenomena that one is able to evalute the changing status of the patient.

It must be remembered that often the signs or symptoms of chronic
congestive heart failure are due to a summation of the effect of sub=
maximal changes in a multiplicity of complexly interrelated factors. The

fact that each factor may vary greatly from patient to patient shows that

Y
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each patient is an individual problem and deserves consideration as such
by the physician. When the clinician has reduced‘the problem which
each case presents to its simplest terms, then he can synthesize the
individual pathological physiological patterns and institute rational
therapy aimed at correcting these changes. Often the basic pathology

or etiology cannot be remedied, but the patient may be treated and
helped by attacking the physiological problems present, as reducing

the size and increasing the efficiency of the heart, lowering venous

pressure, and controlling edema.

Thus life for the patient with chronic cardiac failure may
become more enjoyable and useful because the physician understands i

the pathological physiology which such 8 case presents. :




-134=~

BIBLIOGRAPHY

1. Adams, W.P.: Barly Myocardial Insufficiency. Virginia Med.
Monthly, 6%7: 33%7,1940.

2, Altschule,M¢D.: The Pathological Physiology of Chronic Cardiac
Decompensation. Medicine, 17: 75, 1938.

3. Back, L.: Congestive Heart Failure. Ken.Med.J., 36: 8%, 1938,
4, Bedford,D.E.: Left Ventricular Failurs. Lancet, 1303-1309, 1939,

5. Best,HsB., and Taylor, BeT.: The Physiological Basis of Medical
Practice. Wm.Wood and Co., Baltimore, 1937.

6. Boland, E.W., and Willius,F.A.: Changes in the Liver Produced by
Chronic Passive Congestion. Arch.Int.Med.,62: 723, 1938,

7. Bolton, C.; The Pathological Changes in the Liver Resulting from
Passive Venous Congestion Experimentally Produced.
Je. Path. and Bact., 19: 258,191k,

8¢ Brill, I.C.: The Clinical Manifestations of the Various Types of
Right Sided Heart Failure. Ann.Int.Med., 13:513,1939.

9. Churchill,E.D., and Cope, O.: J. Exp. Med., 49: 531,1929.

10.Day,TeDs, and Armstrong,J.Ge: Fibrosis of the Liver in Heart
Failure. J. Path, and Bact., 50:221,1940,

1l.Dock,W.: The Anatomical and Hydrostatic Basis of Orthopnea and
of Right Hydrothorax in Cardiac Failure.
Am, H.J., 10:10%7, 1935.

12,.Drinker,C.X., Peabody,F.W., and Blumgart,H.L.: The Effect of
Pulmonary Congestion on the Ventilation of the Lungs.
Je Exp. Med., 35: 77, 19220

13.Eyster,J.A.E.: Venous Pressure. J.A.MeAs, 97: 1269,1931.

14,Eyster,J.A.E.: Cardiac Dilatation and Hypertrephy. Trede
Am.Phys., 40: 15, 1927.

15.Eyster,J.A.E. Venous Pressure in Cardiac Decompensation.
JeAJMeAo, 89: 428, 1927%.

16.Eyster,J.A.E.: Experimental Determination of the Influence of

Abnormal Cardiac Rhythms on the Mechanical Eddiciency of the

Hearts Arche. Int. Medo' 25:317, 19200




=135~

17.Fishberg,AcMe: Heart Failure. Lea and Febiger, Philadelphia,1940.

18.Gibson,J.G., and Evans,WeAe: Clinical Studies of Blood Volume.
Je. Clin.Invest., 16: 851,193%.

19.Harrison,TeRe: Failure of the circulation. Wilkins and Wilkins,
Baltimore, 1935.

20.Harrisor,TeRe: The Pathogenesis of Congestive Heart Failure.
Med., 255, 1935.

2l.Harrison,W.G.,Jr.: The Modern Conception of Congestive Heart
Failure. Jo Me A. Alaba., 6: 3473, 1937.

22.Herrmann,G., and Decherd, G.: Some Biochemical Changes that
Accompany Heart Failure. Tr.A.Am.Phys.,51:295, 1937.

23.Herrmann,G., and Decherd, G.: The Chemical Nature of Heart
Failure. Ann.Int. Med., 12: 1233, 1939.

24.Hooker, D.Re: Am. J. Physiol., 35: 73, 191k,

25.Katzin,H;M.,Waller,J.V., and Blumgart,H.L.: "Cardiac Cirrhosis"
of the Liver. Arch. Int. Med., 64: 459, 1939.

26.Kinsey,D., and White,PeDs: Fever in Congestive Heart Failure.
Arch. Int. Med., 65: 163, 1940.

277 .Kirk,R.C+: Some Physiological Considerations of Heart Failure.
Ohio State M.J., 36: 31, 1940,

28,Korns, HeM.: The Nature and Manifestations of Congestive Heart
Failure., J. Med., 18: 543, 1938.

29.Katz,L.N., and Mendlowitz,M.: Heart Failure Analysed in the
Isolated Heart Circuit. Am.J.Physiol., 122: 262, 1938.

30.Lewis,NeDe: Psychic Phenomena in Association with Cardiac Failure.
Arch. Neur. and Psychiatry, 3%7: 782, 1937.

31l.McGuire,J.: Role of Cardiac Output in Congestive Heart Failure.
OChio State M.Je., 35: 1092, 1939.

32.McGuire,J., Shore,R., Hauenstein,V., and Goldman,F.: Relation of
Cardiac Output to Congestive Heart Failure. Arch.Int.Med.,
64: 469, 1939.

33.McGuire et al.: The Cardiac Output in Compensation and Decompen=
sation in the Same Individual. Am.H.J., 16: 4h49, 1938.




-136-

3l4.McMichael,J.: Hyperpnea in Heart Failure. Clin.Sc.,b: 449, 1939,

35.Meakins,J«C.: Muscle Physiology and Circulatory Failure. Ann.Int.
Med., 6: 506, 1932.

36.Meakins,J., Dautrebande,L. and Fetter,W.J.: Heart, 10; 153, 1923,

3/Michael,JeCe: Psychosis with Cardiac Decompensation. Am.J.
Psychiatry, 93: 1353, 1937.

38.Moe and Visscher: Am. J. Physiol., 125: 461, 1936.

39.0shlag, JeA.: Extreme Fatigue or Exhaustion as a Sole Symptom of
Heart Failure. N.Y.State J. Med., 40: 138, 1gko,

40.Smirk,F.H.: Observations on the Causes of Edema in Congestive
Heart Failure. Clin.Sc. and Heart, 2: 317, 1936.

4l.Smith,K.S.: Heart Failure. Lancet,Ls 1168, 1939

42.5tarling,E.H., and Visscher,M.D.: The Regulation of the Energy
Output of the Heart. Jour. Physiol., 62: 243, 1922,

43.Starr,I.: The Increased Non-cardiac Blood Pressure in Congestive
.Heart Failure, and its Bearing on Theories of the Immediate
Causation of This Condition. Tr.A.Am.Phys., 52: 355, 1937.
4U.Steinhaus,A.H.: Physiol. Rev., 13: 103, 1933.

45,Stroud, WeD., and VanderVeer,J+.Bes: The Problem of Water Balance
in Congestive Heart Failure. Penn.M.J., 43: 1116, 1940,

46.Visscher,M,B.: Heart Failure as a Physiologic Problem.
Miss. Doctor, 1%: 594, 1940,

4% .Weiss,S., and Robb,G.P.: Cardiac Asthma and the Syndrome of Left
Ventricular Failure. Tr.A.M.A., 1933, c. 1841..

48.wiggers, C.J.: Physiological Meaning of Common Clinical Signs and
Symptoms in Cardio-vascular Disease. J.A.M.A., 96:603, 1931,

49.Willus,F.4.: The Effect of Protracted and Recurrent Congestive
Heart Failure on the Liver. Vir.M.Monthly,66: 1, 1939.

50+Wo0d,WeBe, and Janeway,CesH.: Change in Plasma Volume during Recovery
from Congestive Heart Failure. Arch.Int.Med., 62: 151, 1938.

H5leWortis,Je: Cardiac Psychosis and the Symptoms of Anxiety. Ame
HeJ., 13: 394, 1937.

52.Youmans,J«B.: Edema, Jo. Tenn. MeA., 29: 270, 1936.




Approtggﬁby
G taad T
O

Date

'hkaq‘l'? |9+ 1




	000 title
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140

