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PREFACE

This monograph was wntten because a number of third- and
fourth-year students at the Harvard Medical School requested it
That these men felt a need, or st least a desice, for a work of this
sort should be of interest to (hose who are encaged in the teaching
of the various branches of medicine.

The third and fourth years of medical school are often regarded
as a period of adolescence, when the painful transutjon from student
in the lat y and cl to the well ded, thoush still
inexperienced, clinician occurs. According to this concept, a book
such as this helps fo overcome to some extent the insecurity and
bewilderment of this difficult period While this point of view
possibly applies to & small number of the students, it does not
appear to be vald for most, It does not, moreover, accurately de-
scribe the place of laboratory science in medical education, for, in
the words of Bacon, it causes the former to be “degraded most

hily to the situation of a handmald, and made to wait upon
medicing, , . . and to wash the immature minds of youth and
imbue them with a first dye, that they may afterwards be mare
ready to receite and retain anather

The last two years of the course in medical school resemble for
most students a honeymoon period; the men have finally attained
their desire, clinical medicine, and never again will it seem so won-
detfol to them or will they learn so much about it so quickly — and
at times, so painfully. The attitude of these students consists in
farge part of fascinated and amazed delight with the variety, com-
plexity and subtlety of the manifestations of disease, together with
a desire for more knowledge concerning them which is not easily
appeased. The fact that many of these men wish 1o refer back to the
details of the {undamental sclences of the preclinical years is not a
manilestation of insecurity regarding clinical medicine or of fack of
satisfaction with it. Rather it is nn expression of the desire 10 en-
hance their iation and ding of clinical ph
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Celsus observed that medicine was the earliest of the sciences to
use experiment and most physicans since then have realized that,
while it may be possible to practice clinical medicine satisfactorily
without a knowledge of fundamental science, it is not possible to
do any thinking about medicine without such knowledge. Attempts
are made at some medical schools to satisfy the need of the thinking
student for continuous contact with laboratory science in ane of two
ways* by giving a course of lectures or seminars during the third or
fourth year designed to correlate the clinical with the preclinical, or
by having the student in the fourth year retire for 2 period from the
clinic and return to the laboratory. Both of these devices, while
advantageous in some respects, are in many ways defective. A
caurse of lectures or semmars must be given at stated intervals and
consequently, coming into conflict with other assigned work, must
be limited in regard to time. The content, spirit and tempo of the
course are largely determined by the members of the faculty who
preside and active participation by all the students is impossible.
‘The course is arranged to cover many fields and covers none of them
well, and since it is designed to fit the needs of many students, suits
none completely, On the other hand, requiring that the student
spend part of his fourth year in the laboratory is also not desirable.
The work done there is often little more than a review of material
covered in the first two years, or if investigative work is required, the
student is forced to concentrate on one minute field.

An additional approach to the problem is afforded by a work such
as the present one Dfaterial is here made available and is at hand
at all times, but it is left to the student to obtain as much or as little
as he feels he needs, at such times as he chooses. The student may
be stimulated to look into this book for the explanation of an un-
usual or, to him, pected clinical ph , or he may merely
browse through it when he feels no urge to do anything else,

‘Many practicing climcians retain some of the viewpoints and
attitude of the student; indeed, it appears to be characteristic of
outstanding physicians to do so. Men of this type may also find a
work of this sort useful. “Taglich entschwindet die Moglichkeit
nicht bloss einer Prufung, sondern selbst eines Verstandnisses der
neueren Schriften denjenigen mehr und mehr, welche in den oft g
mithseligen und erschopfenden Wegen der Praxis ihre beste Kraft
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verbrauchen miissen,” * Virchow said. The fact that there is little
of practical everyday usefulness here is inherent in the nature of this
work. Cestainly there are svailable enough excellent clinical texts to
supply any need in that direction.,

Theoretical considerations have not bcen emphasized here, for
‘“when facts arc and ble and quivocal in
their significance, theory must l’ollo\v them as best it may, keeping
time only with their step, and not go before them, marching to the
sound of its own drum and trumpet.” Those who are interested in a
physiological discussion of disease will want the data and will be less
concerned with the concepts that any author may derive from them.
As in other branches of learning, Gresham's law of scholarship ap-
plies here, the commentaries have in large measure submerged the
original data. Accordinzly, an analys:s of the conclusions derived by
the large number of workers would interest only the historian. Be-
sides, conclusions may sound as auth ive and be as mislead
as the striking of hours by a wrong clock For the most part, in the
work reviewed here, there are no important discrepancies between
data and conclusions except in the case of an occasional mistaken
investigator who, Iihe the squid, beclouds the issu¢ with jets of ink
as he p ds erratically back Is. A dingly, the present wotk
has been designed primarily as a review of data included in scientific
papers and not of the conclusions denived from them, Some of the
research workers whose data are included here may be surprised or
even annoyed by the fact that some of these data have been used to
support concepts different from or opposite to those derived by the
original authors Hm\‘e\tr, lhe use of pubhsh:d data in this manner
requires no justifi , the § ions here em-
ployed will undoubtedly undergo revision in the future,

It has been considered important to review all available data in the
fields here covered, including the older work. Not infrequently “time,
like a river, bears down to us that which is light and inflated, and
sinks that which is heavy and solid ” Many of the earliest studies,
now neglected, contain important contributions not found in more

#Frank Chance, transltor of Virchow's Cellularpathologre, bas translated
this sentence as follows “Day by day do those who are obliged to consume
their best energies tn the frequently so toilsome and so echausting routine of

practice find 1t becoming less and less possible for them, not only to closely
examune, but even to understand the more recent medical works”
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recent investigations. Indeed, the i ing simplification of meth-
ods has tended at times to encourage hurried and uncritical wotk,
On the other hand, the inclusion of all available papers has resulted
in a massive bibhography which “rather inclines us to admire our
wealth than to perceive our poverty ” Information is jncomplete or
lacking entirely in many fields discussed in the present work., The
filling of these gaps m our knowledge of disease must wait upon the
development of new techniques and concepts in the fundamental
sciences; “it would be madness and inconsistency to suppose that
things which have never yet been performed can be performed with-
aut employing some hitherto unttied means ”

1t should also be noted that a large part of the physiologic and
chemical research in medicine is of greater value and interest to be-
ginning students in clinical medicine and their teachers than to any
other groups. ‘This phenomenon is interesting in itself, for it has no
exact counterpart in the other professions, It may suggest an expla-
nation for the fact that many of the best teachers in medicine also do
research; indeed, in many instances their wark in the labaratory is
an expression of their fundamental bent toward teaching. From the
administrative paint of view, this situation may create difficulties in
estimating proportionate time occupied in teaching and in research,
and in allacating funds for each, hut from the pomnt of view of
pedagogy it is a healthy thing and certainly the validity of this type
of research is beyond question. “Qur hope af further progress jn the
sciences will then only be well founded, when numerous experiments
shall be received and collected into natural history, which though af
no use in themselves, assist materially in the discovery of causes
and axioms; which experiments we have termed entightening, to dis-
tinguish them from those which are profitable. They possess this
wonderful property and nature, that they never deceive or fa;) yE)u,
for being used only to discover the natural cause of some object,
whatever may be the result, they equally satisfy your aim by de-
ciding the question.”

M.p. A,
Athens, Vermont
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CHRONIC CARDIAC DECOMPENSATION

1. Cardiac Output

Discussion of the pathological physiolozy of chronic cardiac de-
compensation propetly begins with consideration of the output of the
heart in patients with this disorder. The great bulk of the reported
data concerns the findings in cardiac patients under basal conditions,
or at least at rest. Such data, while of value, give no information as
to the cardiac output at a time when patients experience most or all
of their symptoms. namely, during exertion; to judge from the scanty
data available, values obtamned during or after exertion are more

iki than those obtained at rest.

Another source of confusion anses from the multiplicity of methods
used. The reader is referred to Grollman's book (1932) for a full
description of most of the methods which here will be treated only
briefly. The methods used {all into tno main groups* (i) those which
employ the Fick prinaiple and (ii) those which do not.

‘The Fick principle states that the cardiac output in cubic centi-
meters per minute is equal to the oxygen consumption of the body
in cubic centimeters per minute divided by the arteriovenous oxygen
difference per cubic centimeter of blood. In diseases in which ovy-
gen consumption is not markedly altered, data on arteriovenous
otygen difference accordingly have the same significance 2s measure-
ments of cardiac output itself. Estimation of oxygen consumption can
be accomplished by means of direct, simple, and accurate methods.
Determination of the arteriovenous oxygen difference, however, is be-
set with difficulty. While arterial blood can be secured with ease, and
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so can alveolar air which is in equilibrium with it, mized venous blood
is obtainable only from the right auricle or ventricle by direct punc-
ture or cathetertzation via an antecubital vein. A variety of methods
for the indirect estimation of arteriovenous oxygen dhfference was
developed in the past For technical reasons certain authors have
preferred the use of carbon dioxide or various foreign gases instead
of oxygen in measuring cardiac output in man, For oxygen con-
sumption and arteriovenous oxygen difference in Fick’s formula may
be substituted corresponding figures for any foreign gas, or for car-
bon dioxide production and arteriovenous difference The technique
of the method depends on the gas employed

Methods based on the Fick principle—(a) Cardiac puncture or
catheterization Oxygen consumption is measured by the usual proce-
dures and arterial blood obtained from a convenient artery. Mixed
venous blood is secured directly from the right auricle or, preferably,
the right ventricle Data obtained by means of these methods in
patients with congestive failure are not extensive. Values obtained
by these methods in normal man are constderably higher than those
obtained by the indirect methods described below (Cournand ef al.,
1045; Stead et al,, 1045).

{b) Analyses of arterial and peripheral venous blood. Here again
oxygen consumption 1s estimated by the usual methods. Blood sam-
ples taken usually from a femoral or radial artery and the antecubi-
tal or femoral ven are analyzed for oxygen or carbon dioxide in order
to determme the arteriovenous difference While the use of bleod
from an artery is valid, since arterial blood throughout the body is
of uniform composition, use of venous blood from a single portion of
the body, such as the arm or leg, leads to error, since it differs from
mixed venous blood. It should be noted that blood flow through skel-
etal muscle is small at rest (Holling, 1939), the greater part of the
output of the heart bemg distributed to the viscera Results obtained
from analysis of penipheral venous blood may indicate trends in the
cardiac output, but general concepts based on such data must be ac-
cepted with reservations Strictly speaking, studies made by this
method measure the blood flow only through some segment of the
periphe\'al circulation, usually that of an extremity. Accordingly,
these data will not be analyzed here but rather in Section 3 of this
chapter, where periphfzral blood flow is discussed.
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(€} Rebreathing methods. These may be divided into two groups:
(f) methods in which rebreathing is used to sccure air in equilibrium
with mited venous blood for measurement of oxygen or carbon diox-
ide content and (i) methods using a foreign gas. The latter include
the nitrous oude method (Krogh and Lindhard, 1912) and the acety-
lene method (Grollman, 1932). The last, in a modified form (Groll.
man et al., 1933), is the method of this type most widely used. These
methods employ of rate of absorption of a foreign gas
by the blood in the lungs during a period of rebreathing, and are
based on the principle that the volume of gas so absorbed in a given
time is governed by the volume of pulmonary blood flow, The entire
period of rebreathing must be short enough that no appreciable re-
circulation of blood once exposed to the air in the rebreathing bag
can occur; this recirculation may be a source of error in measure-
ments made during periods of rapid circulation, that is, of exercise.
Changes in circulation time due to variations in the condition of pa.
tients studied at intervals while in failure might also introduce errors.,
Another source of inaccuracy derives from the fact that it is sometimes
difficult to obtain, in a short period, thorough mixing of the gas mixture
being rebreathed in patients with changes in the lungs due to conges-
tive fajlure (page 63) It is therelore necessary to prolong the re-
breathing period, thereby increasing the possibility of recirculation of
the blood, Still another source of inaccuracy in the acetylene method
is the fact that small errors in analysis lead to large errors in results;
it may not be possible to obtain duplicate determinations within less
than plus or minus 10 per cent.

(d) Ethyl iodide methods. In these methods ethyl jodide con.
sumption and arteriovenous difference are substituted for oxygen
consumption and arteriovenous difference in Fick’s formula The
original ethyl iodide method of Henderson and Haggard (1915)
yielded erroneous results because these authors disregarded the pres-
ence of ethyl iodide in the venous blood and incorrectly estimated
the partition coefficient of that substance between air and blood.
These errors were, however, constant, so that many authors helieved
the method to be useful. Starr and Gamble (rg28) revised the
method, eliminating many of the errors, but the results obtained in
normal subjects are still well below those yielded by the use of
catheterization of the heart.
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Methods not based on the Fick principle—The methods for mess-
uring cardiac output that do not use the Fick principle were designed
to avoid the criticism that methods based on exchange of gases in
the lungs are fundamentally insecure because of the known impair-
ment of pulmonary function in cardiac decompensation (page 53);
all of these methods yield data that are of little value unless the
Oxygen consumption is measured at the same time.

(a) Roentgenokymograph. The output per cardiac beat is esti-
mated by means of the roentgenckymograph (Keys and Friedell,
1939, LaDue and Fahr, 1943). Errors occur because of the fact that
the heart is studied n only one plane and, consequently, changes in
volume are estimated by means of formulas that may not be precisely
applicable in given cases, especially where the contour of the heart
is abnormal. Additional inaccuracies may arise because of the diffi-
culty of defining the cardiac border and because changes in auricular
size and shape may be included in the measurements, Moreover, re-
gurgitant valvular lesions cause great errors. Unless many beats are
studied, the effects of respiration may also introduce misleading vana-
tions.

(b) Dyes Dyes may be injected intravenously (Hamilton ef af,
1932). In these methods the values obtained are calculated from ideal
formulas and errors may be large. In certain cases, however, valid
qualitative conclusions may be drawn from repeated measurements.

(¢c) Pulse pressure and pulse-wave velocity Methods which use
changes mn pulse pressure and pulse-wave velocity (Bazett ¢f al, 1935,
1941) have not been widely nsed mn studies on congestive failure Re-
cent work of Remington et al. (1948) shows that such methods give
erroneously high values in congestive failure, where values obtained
by means of the catheter are low

(d) Ballistocardiograph. When the ballistocardiograph is used

(Starr, 1941), errors may be ntroduced by failure to study a large
enough number of beats and by the occurrence of marked changes in
pulse rate; the method is unreliable in heart disease (Nickerson et al.,
b .

9.\‘\3l)mtever may be the cniticisms that can be leveled at one method
or another, valid conclusions as to changes m cardiac cutput can be
drawn if all the diverse methods yield results that are similar qualita-

tively. Such is fortunately the case in chronic cardiac decompensation,
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Observetions on cardiac output in congestive failure—A large num-
ber of measurements of cardiac output or arteriovenous difference
employing various methods have been recorded. In almost all in.
stances the cardiac output was found to be low or the arteriovenous
difference high (Bloomfield ef ¢l., 1946, 1918; Howarth ¢f cl,, 1946,
McMichael and Sharpey-Schafer, 1944, Merrill, 1946; Merrill ef ol.,
1946; Sharpey-Schafer, 1946; 1). Tn addition, studies of peripheral
blood gases (paze 70) yield comparable results A certaln amount
of overlapping occurs, however, when the cardiac outputs of normal
subjects and decompensated patients are compared. This is not sur-
prising, for in normal subjects Grollman (1929) found a spread of
30 per cent about the mean obtained by his method, and Donal e ol
(1033) and Cournand ef a! (1945), using other methods, found a
somewhat greater range of variation It is apparent that a low normal
figure for cardiac output might actually represent a considerable de-
crease in the case of a patient for whom the normal vatue before the
onset of congestive failure was at the upper limit of the normal range
for all individuals. It must be borne in mind, moreover, that some
types of cardiac decompensation may occur with a normal cardiac
output. This situation obtains in diseases in which cardiac output is
usually increased, namely, febnle discases, anemia, beriberi, thyro-
tovicosis, acidosis and arteriovenous aneurysm To this list has re-
cently been added cor pulmonale (Richards, 1945, McMichael and
Sharpey-Schaler, 1944, Sharpey-Schafer, 1946).

Eppinger and his co-workers (1923, 1927) found a nermal or in.
creased cardiac output in chronic cardiac compensation Their conclu-
sions have been criticized on the basis of faulty technique and are
now thoroughly discredited. Schoen and Derra (1930), using cardiac
puncture, and Harrison e al. (1934) and McGuire et ol (1938,
19394,5), who employed a modified Grollman acetylene method,
found normal or even high cardiac outputs in some patients with
cardiac decompensation, The data of Schoen and Derra (1930) are
scanty and not presented in sufficient detail to permit analysis. The
findings of Harrison ef al. (1934) are seen on closer examination to
conform to those of a majority of workers in this field, Many of the
patients with more than minimal evidences of myocardial insufficiency
who were studied by Harrison and his co-workers had low cardiac out-
puts and of ten with normal or almost normal values, all but one had
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basal metabolic rates of from plus 15 to plus 78 per cent. A similar anal-
ysis may be made of the data of McGuire ef al. (1938, 1939a,b}. Obvi-
ously, the cardiac output in such cases cannot be compared with that
of undecompensated individuals whose basal metabolic rate is within
Timts of plus or minus 10 per cent of the average normal. The im-
portance of the relationship between cardiac output and oxygen con-
sumption has been stressed by many authors (Davies and Gilchrist,
1927, Grollman, 1929; Krogh and Lindhard, 1912, Lindhard, 1918;
Lundsgaard, 1916, Starr ef al,, 1933). It is probable that, as Means
(1924) suggested, a more precise relationship exists between carbon
dioxide production by the body and the output of the heart. At any
rate, it 1s apparent that the cardiac output in proportion to the body
metabolism is low in patients with cardiac decompensation When
exceptions to this rule are found, they may often be explained on
the basis of such complicating factors as anxiety, anemia, arterio-
venous aneurysm, elevated metabolic rate consequent to fever or
thyroid disease, pregnancy, acidosis, thiamme deficiency or cor pul-
monale.

It has been shown (Altschule and Gilligan, 1938) that even a small
increase in venous pressure in normal man results in striking increases
in cardiac output Patients with high venous pressure at rest conse-
quent to congestive failure fail to exhibit this response, although
McMichael (19384) concluded that a partial response is present in
cardiac patients who are only moderately decompensated. It may
be concluded, however, that the output of the heart is always low
relative to the venous pressure in chronic cardiac decompensation.

As a rule, diminution in cardiac output per beat is even greater
{han that in output per mmnute in cardiac decompensation, since some
degree of tachycardia occurs i almost all patients with that syn-
drome. Even more marked deviations from the normal are found if
the cardiac output per minute or per beat is compared to the cardiac
size, as was pointed out by Nylin (1933), Lysholm ef o (r934),
and by Starr and co-workers (1933, 1934)-

The low cardiac output found in congestive failure is largely the
consequence of m dial k but lessened negativity of intra.
pleural pressure (page 53) and auricular fibrillation or some other
arrhythmia may be contributory factors (page 250). The contention
of McMichael and Sharpey-Schafer {1934), that overstretching of
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the heart consequent to preatly elevated venous pressure results in
low output, has been criticized (Bloomﬁcld et al., 1937) and appears
to be b iated by the data

A decrease in cardiac work occurs in congestive failure, since the
work of the heart is directly proportional to its output (Evans and
Matsuoka, 1915) A number of studies of the efficiency—that is, the
ratio of work performed to oxygen consumption—of the failing heart
have been made on isolated heart or heart-lung preparations, and ail
show that the efficiency of the heart in fatlure is much reduced It is
possible that this loss of efficiency has as its clinical counterpart the
Tengthening of the duration of electrical systole that occurs when the
heart fails (Berhner, 1931, Cheer and Dieuaide, 1931, 1932; Geiger
¢t ¢, 1941; Phang and White, 1943) Studies of cardiac efficiency
in the Intact animal have been reported (Harrison ¢f of, 1936), but
are open to criticism on technical grounds It has been suggested
(Harnson et ol,, 1936) that diminished cardiac efficiency rather than
law output determines the presence or absence of cangestive {ailure
Thus is probably not the case, for it 1s difficult to understand how
edema develops in the ankles, mercly because the heart, located four
feet distant, shows a low ratio of work output to energy input, that is,
low efficiency, in patients with cardiac decompensation. Changes in
cardiac dynamics can influence the tissues only through the cardiac
output and the peripheral and pul. Yy Venous [ , it must
therefore be concluded that while cardisc meffictency in failure is
theoretically important, it is not directly responsible for the devel-
opment of signs and symptoms of congestive failure

On the other hand, id of cardiac i is essential
for the understanding of some otherwise confusing matters, For in-
stance, it is important to bear in mind the fact that under certain
circumstances increases in cardiac output are harmful, whereas in
others they are beneficial to patients with cardiac decompensation.
Thes, increases in cardiac output brought about by anxiety, fever,
effort, anemia, thyrotovicosis, injection of epinephrine, and probably
also the injection of aminophylline, are not d with i
cardiac efficiency, accordingly, these conditions constitute a burden
upon the heart and may precipitate or aggravate its failure Contrari-
wise, the increase m the output of the heart that occurs with digitals
(page 188) or during spontaneous recovery from failure is due to
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basal metabolic rates of from plus 15 to plus 78 per cent. A similar anal-
ysis may be made of the data of McGuire ¢t al. (1938, 1939¢,5). Obvi-
ously, the cardiac output in such cases cannot be compared with that
of und; p ted individuals whose basal bolic rate is within
limits of plus or minus 1o per cent of the average normal. The im-
portance of the relationship between cardiac output and oxygen con-
sumption has been stressed by many authors (Davies and Gilchrist,
1927; Grollman, 1929; Krogh and Lindhard, 1912, Lindhard, 1918;
Lundsgaard, 1916; Starr ef al,, 1933). It is probable that, as Means
(1924) suggested, a more precise relationship exists between carbon
dioxide production by the body and the output of the heart. At any
rate, it is apparent that the cardiac output in proportion to the body
metabolism is low in patients with cardiac decompensation. When
exceptions to this rule are found, they may often be explained on
the basis of such complicating factors as anxiety, anemia, arterio-
venous aneurysm, elevated holic rate q to fever or
thyroid disease, pregnancy, acidosis, thiamine defictency or cor pul-
monale.

It has been shown (Altschule and Gilligan, 1938) that even a small
increase in venous pressure in normal man results in striking increases
in cardiac output, Patfents with high venous pressure at rest conse-
quent to congestive failure fail to exhint this response, although
McMichael (1938a) concluded that a partial response is present in
cardiac patients who are only moderately decompensated. It may
be concluded, however, that the output of the heart is always low
relative to the venous pressure in chromic cardiac decompensation

As a rule, dimmution in cardiac output per beat 15 even greater
than that in output per minute in cardiac decompensation, since some
degree of tachycardia oceurs in almost all patients with that syn-
drome. Even more marked deviations from the normal are found if
the cardiac output per minute or per beat is compared to the cardiac
size, as was pointed out by Nylin (1933}, Lysholm et al. (1934),
and by Starr and co-workers (1933, 1934).

The low cardiac output found in congestive failure is largely the
consequence of myocardial weakness, but Iessen‘ed r.legativity of intra-
pleural pressure (page 53) and aurncular fibrillation or some other
arthythmia may be contributory factors (page 250). The contention
of McMichael and Sharpey-Schafer (1944), that overstretching of
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Meakins ef al,, 1923; Moore ¢f ¢l., 1926; 2), with normal responses
in only a few (Alt ¢f 2, 1930; Bansi and Groscurth, 1930a; Means
and Newburgh, 1915; Newburgh and Means, 1915). McMichael
(19382) observed a normal response during light exercise and an
abnormally small increase in cardiac output in heavier work. McGuire
e el. (1936b) made a systematic study of patients in various stages
of failure and found a gmaller than normal increase in cardiac output
in compensated patients during exercise and a sull smaller rise in
those in failure, Hickam and Cargill (1948) recently have provided
excellent data, obtamed by means of the catheter, which show that
the cardiac output does not increase after exertion in patients with
congestive faifure.

The significance of an abnormally large arteriovenous ovygen dif-
ference after evercise (Dansi and Groscurth, 19306, Harns and
Liphin, 1931; Weiss and Ellis, rg35) is the same as that of the
aforedescribed data; Weiss and Ellis (1935) found almost complete
deoxygenation of venous blood after exercise in some patients. All of
these observations explain in part the abnormal rise in venous pres-
sure (page 35), the marked lactic acidosis (page 86) and the large
otygen debt (page 9t) of cardiac patients The rise in cardiac out-
put during exercise, thouzh smaller than normal, apparently lasts
longer 1n cardiac patients, implying a need to discharge the abnor-
mally large oxygen debt that occurs in such individuals, These data
are in accord with the increased peripheral “flow debt” observed by
Abramson ¢t al. (1942) in cardiac patients after exercise.
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increased efficiency and is, therefore, no additional burden upon the
heart, the heart can do more work with no increase in energy
requirement.

Changes in cardiac output in recovery from congestive failure are
variable Thus, if recovery is associated with increased myocardial
strength, either of spontaneous occurrence or as a result of the action
of digitalis (page 188), cardiac output rises If, on the other hand,
improvement in signs and symptoms occurs as a consequence of the
administration of oxygen or of diuretics, no increase in cardiac output
need occur (page 192) Therefore, precise correlation between dis-
appearance of signs and symptoms ‘and changes m cardiac output is
fundamentally impossible. An additional source of confusion lies in
the fact that a marked fall in basal metabolic rate may occur dur-
ing recovery from failure, so that the more or less parallel changes
in cardiac output give the appearance of a decrease in the latter.
Thus, in the data of Harrison ef al (1934) many such instances of
decreasing cardiac output in recovery occur, but actually this is more
apparent than real, for in nine patients of ten studied by those authors
the arteriovenous difference fell or did not change significantly; the
cardiac output mn these patients was unchanged or increased relative
to the metabolic rate. The data of McGuire (1938, 19392,6) may be
analyzed in a similar manner

The lack of parallelism between fall in cardiac output and severity
of signs and symptoms in congestive farlure was noted years ago by
Lundsgaard (1916) and has been stressed more recently by Harrison
(1934, 1935), Starr (x941) and McGuire (1938, 1939a,5) The
reasons why this correlation does not, and indeed cannot, exist will
be discussed in various portions of this review,

Effects of exercise —The validity of methods used for measuring the
cardiac output at rest has not been satisfactorily established for
studies on exercising patients with cardiac decompensation, Accord-
ingly, most data on the effects of exercise have been obtained in
experiments on compensated or only mildly decompensated cardiac
patients, The amount and type of work used as a test load by various
investigators have varied so greatly that precise quantitative analysis
of all the available data is difficult. Most authors describe an ab-
normally small rise in cardiac output in their patients compared to
pormal subjects performing the same task (McGuire ef al., 19395;
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Circulation Time

The significance of the pulmonary circulation time was discussed
in 1931 by Blumgast in his review of the subject. Since that time
his observations have been corroborated and extended; various seg-
ments of the circulation may now be measured through the use of 2
variety of test substances, The arm-to-tongue, arm-to-face or arm-to-
carotid-stnus time measures the circulation time in the antecubital
and brachial vein, the superior vena cava, the right heart, the lungs,
the left heart, and a short arterial segment. This may be divided
into arm-to-lung time by the use of ether or paraldehyde, and lung-
to-brain time by the use of inhalation of 15 to 25 per cent carbon
dioxide. The atm-to-tongue, -face or -catotid-sinus time is long in
almtost all patients with cardiac decompensation (3), Blumgart
(1931) sttessed the relation between this sign of pulmonary con-
gestion and another — diminution of the vital capacity — consequent
to an increase in the amount of biood in the fungs. In recovery from
congestive failure, both return to or toward normal.

Blumgart (1931) also pointed out that slowmg of the mmﬂamm
occurs in myzedema, not as a quence of p
but as a result of low cardiac output. Altschule and Vo!k (2936}
showed that prolongation of the circulation time parallels reductions
in cardiac output in individual patients with bypothyroidism, but
that equivalent reductions in cardiac minnte volume ontput in pa-
tients with pulmonary congestion are associated with much greater
increase in circulation time than in patients without congestion. It
may be concluded, therefore, that the slowing of the circulation
through the lungs wn cardiac decompensation is related to (i) the
lowered cardiac output and (i) the engorgement of the pulmonary
vessels which occurs in that condition.

Slowing of the circulation, hke diminution of the vital capacity,
is frequently associated with dyspnea in patients with congestive
failure; measurement of the circulation time is clinicaily useful it
helping to distinguish between dyspnea consequent to cardiac decom-
pensation and dyspnea due to pulmonary disease, Under some circum-
stances the circulation time may lie within the normal range in
cardiac decompensation; this may occur when congestive failure oc-
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curs in association with anemia, fever, pregnancy, asterfovenous
aneurysm, thyrotoxicosis, severe anoxia, severe acidosis and thiamine
deficiency. Exercise shortens the circulation time by the same num-
ber of seconds in normal subjects and in cardiac patients with long
circulation times at rest (Cannon ef al,, 1939), which suggests that
an increase in pulmonary congestion does not occur in such patients
during exertions. The observations of Gilbert and Goldzicher (1946)
that jnsulin and adrenalin each increase the circulation time in de-
compensated cardiac patients but not fn normal subjects are difficult
to accept.

The carbon dioxide time is also increased in patients with conges-
tive failure (Bornstein, 1912; Grubner ef af, 1939). It is ques-
tionable whether this has any special significance, since jt is not
ascertainable how much of the elapsed time is occupied by the blood
containing the inhaled carbon dioxide in passing through the pul-
monary veins on the one band and the left ventricle, ascending aorta
and carotid artery on the other.

‘The ether time, which measures the venous segment of the circu-
lation time, that is, the portion up to the lungs, 18 often used to
diagnose “right heart failure.” The ether time is often long in chronic
cardiac decompensation (4, Hitzig, 1935), but is more often normat
than is the arm-to-tongue time in patients with congestive failure
(Baer and Slipakoff, 1938; Lian and Facquet, 1036, Miller, 1934).
Hitzig et al. (1935) state that the ether time is normal in “left ven-
tricular failure,” but actually it is also not uncommonly normal in
patients with edema, hepatomegaly and high venous pressure. Hit~
2ig’s (1935) observation that a close parallelism exists between ele-
vated venous pressure and increased ether time is not corroborated
by Hussey ¢t al. (1942), Epstein and Young (1943), nor Motta
(1937). The lack of parallelism between ether time, venous pressure
and the presence ot absence of edema and hepatomegaly puts any
altempts to diagnose “right ventricular failure” on a most insecure
basis (see also page 102).

Gross (1945) reported estimations of circulation time made by
means of inhalation through the nose of amy! nitrite and claimed
that this method measured lung-to-face time, much as catbon dioxide
does, However, the times so obtained are very variable and in some
cases are far too long; moreaver, it is unhikely that with his technique
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curs in association with anemia, fever, pregnancy, arteriovenous
aneurysm, thyrotoxicosis, severe anoxia, severe acidosis and thiamine
deficiency. Exercise shortens the circulation time by the same num-
ber of seconds in normal subjects and in cardiac patients with long
circulation times at rest (Cannon ef af, 103g), which suggests that
an increase in pulmonary congestion does not occur in such patients
during exertions. The observations of Gilbert and Goldzieher (1946)
that insulin and adrenalin each increase the circulation time in de-
compensated cardiac patients but not in normal subjects are difficult
to accept.

The carbon dioxide time is also increased in patients with conges-
tive failure (Bornstein, 1912; Grubner ef al, 1939). It is ques-
tionable whether this has any special significance, since it is not
ascertainable how much of the elapsed time is occupied by the blood
containing the inhaled carbon dioxide in passing through the pul-
monary veins on the one hand and the left ventricle, ascending aorta
and carotid artery on the other.

‘The ether time, which measures the venous segment of the circu-
fation time, that is, the portion up to the lungs, is often used to
diagnose “right heart failure.” The ether time is often long in chronic
cardiac decompensation (4; Hitzig, 1935), but is more often normal
than is the arm-to-tongue time in patients with congestive failure
{Baer and Slipakoff, 1938; Lian and Facquet, 1936; Miller, 1934).
Hitzig ef o! (1035) state that the ether time is normal in “left ven-
tricular failure,” but actually it is also not uncommonly normal in
patients with edema, hepatomegaly and high venous pressure Hit~
2ig’s (1933) observation that a close parallehsm exists between ele-
vated venous pressure and increased ether time is not corroborated
by Hussey et al. (1942), Epstein and Young (1943), nor Motta
(1937). The lack of parallelism between ether time, venous pressure
and the presence or absence of edema and hepatomegaly puts any
attempts to diagnose “right ventricular failure” on a most insecure
basis (see also page 102).

Gross (1945) reported estimations of circulation time made by
means of inhalation through the nose of amyl nitrite and claimed
that this method measuted lung-to-face time, much as carbon dioxide
does, However, the times so obtained are very variable and in some
cases are far too long, moreover, it is unhkely that with his technique
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enough of the amyl nitrite inhaled through the nose reaches the
alveoli in every case. In this « ion, it should be hered
that Weiss, Robb and Blumgart {1929) caused their patients to in-
hale maximally through the mouth and obtained a short circulation
time with amyl nitrite; this probably reptesented the lung-to-face
time. It is probable that in some instances, namely, thase with long
circudation times in the absence of failure, the vapats are absorbed
through mucosal capillaties in the harynx in Gross's technique.
If this is so, Gross's (1945) method, if standardized, could be one
of the most interesting and valuable of all, since it requires no ap-
paratus or injections, and measures the circulation from capillary
back ta capillary in approximately the same area. Results by this
method (Gross, 1945) show slowing in cardiac decompensation.

Nylin (1943, 10456; Gernandt and Nylin, 1946) has adopted
and developed the idea expressed earlier by David and Bouvrain
(1940) that the increased circulation Yime of cardiac decompensa~
tion i3 a reflection of the ion of an i d amount of
blood in the heart as a consequence of diatation of the latter
Nathanson and Elek (1947) have also espoused this concept. Nylin's
statistical studies and those of Nathanson and Elek (ro47), which
show 2 paralielism between cardiac size and circulation time, do nat,
however, in themselves, establish a direct relation between the {wo,
Stmilarly, results of Nylin's above-cited studies, which show delayed
mixing of intravenously injected material in patients with cardiac
decompensation, are explicable on the basis of the low cardiac output,
slow blood flow, and large blood volume of congestive failure.
Meneely and Chestnut (1947) have criticized Nylin in a similar
yein, It Is probable that the increased cardiac blood volume, which
almost certainly occurs commonly in patients with heart disease, is
of little direct importance in causing the manifestations of cardiac
decompensation; it is alsa difficult to see how the stagnation of
enough blood in the heart to slow the circulation time can occur
with the heart beating 80 to 120 times 2 minute and expelling liters
of blood during this time,
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Peripheral Circulation—Data on peripheral blood flow may be
obtained by various methods. These include studies of the gases in
samples of blood taken from peripheral vessels (page 70}, plethys-
mographic methods (Abramson e# al, 1942), and techniques based
upon cutaneous temperature changes (Stewart e al, 1946). Marked
changes in blood flow through the extremities are not to be expected
in patients with congestive failure, since the flow through resting
muscle is small (Holling, 1939) and that in the skin amounts only
to a few hundred cubic centimeters per minute for the whole body.

Few direct measurements of peripheral blood flow in patients with
congestive failure have been reported G. N Stewart (1912, 1914)
noted decreased flow in the hands, varying roughly mith the degree
of fatlure, in cardiac patients Flow through the hands, however, is
so strongly influenced by neurogenic factors which cannot always be

-
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congestive faflure, It is significant that an increased “flow debt” also
occurs when anovia is induced in normal subjects who exercise while
breathing low concentrations of oxygen (Abramson e? al., 19435}

Temperature regulation —Shght to moderate elevation of body
temperature in the absence of evidentes of infection is frequently ob-
served in patients with severe congestive fallure Cohn and Steele
(1934) studied this phenomenon and found a close parallelism be-
tween the presence of signs of marked failure and elevation of tem-
perature, except that the latter might occur before the former became
evident. Steele (1934) further reported that the difference between
skin and rectal temperatures is abnormally great in cardiac patients,
a finding not corroborated by Stewart et al. (rg46); however,
Stewart’s patients had elevated metabolic rates and in proportion to
the increase in heat production their cutaneous temperatures were
low, Both Steele (1935) and Burch (1946a,6) observed that such
patients eliminate two or three times as much heat as normally via
the lungs.

These findings are not unexpected in view of the known marked
reduction in peripheral blood flow (page 27) and the vasoconstric-
tion (page 32) which ordinarily occur in severe fallure Diminution
in blood flow to the periphery necessarily affects the dispersal of heat
generated within the body, thereby giving rise to an elevation of
body temperature Steele (1937) was able to reproduce these condi-
tions in normal subjects by slowing the peripheral circulation by
means of tourniquets apphed to the extremities. He suggested (1934)
that this inability to disperse heat normally via the skin might be
one cause of the hyperpnea exhibited by patients with cardiac de-
compensation. This view is supported by the clinical observation that
many patients with severe congestive failure claim to experience in-
crease of dyspnea when wrapped in blankets or placed in a warm,
stuffy room (Burch, 1946¢). It should be noted that other heat-
dispersing mechanisms, namely, water loss through the skin and
sweating in response to heating, are also impaired in patients with
cardiac decompensation (Burch, 1946c; Kauf and Zak, 1927).
D’Alton et al. (1948) found no diminution in sweating at ordinary
temperatures
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controlled as to make these data of little value in themselves. H. J.
Stewart (1946) found values that were in the normal range but low
1n relation to the elevated metabolic rates exhibited by his patients.
On the other hand, the low oxygen content of the antecubital and
femoral venous blood found by most observers in decompensated
cardiacs show that the volume of flow is reduced in congestive failure
(Harrop, 1919; Landt and Benjamin, rg4x; Lundsgaard, 19182,5,6;
5); Holling (1939) has demonstrated a parallelism between venous
oxygen content and blood flow. The wide arteriovenous differences
for carbon dioxide found in peripheral bloods by Pearce (1917, 1921)
and Scott (1919) also indicate slow peripheral flow, In addition, the
results of direct microscopy (page 47) also prove that the speed of
flow 1s reduced.

Harrison and Pilcker (1929) concluded from their studies of blood
gases that edema in cardiac patients causes an increase in the flow
through the edematous areas, but their conclusions have been severely
criticized by Weiss and Ellis (1935), who used the same methods.
Abramson et al, (1043a) used a plethysmographic method, and also
found evidence of increased flow through edematous limbs; however,
some error in their method is suggested by the fact that it recorded
increased flow in the presence of venous occlusion, whereas Friedland
et al, (1941), who also used a plethysmographic method, found that
venous stasis decreased blood flow through an extremmty. The nature
of the error in Abramson’s work is probably elucidated by the ob-
servations of Wilkins and Bradley (1946), who found that the appli-
cation of the cuff as required in plethysmographic methods might
result in a temporary increase m blood flow if the latter was low
initially Rocchini {1937), who used fluorescen in his studies, claimed
that the circulation through the edematous limbs of cardiac patients
is slower than that through limbs free of edema. It is probable that
edema has in itself no specific effect on blood flow.

During exercise the peripheral bloed flow fails to increase in a nor-
mal manner and venous blood becomes markedly deoxygenated in
patients in failure (Harris and Lipkin, 1931; Weiss and Ellis, 1035).
Even in compensated cardiac patients the bload flow remains elevated
longer after exercise than in normal subjects (Abramson et al., 1942),
implying an atfempt to discharge an abnormally large oxygen debt;
presumably a still larger “flow debt” would occur in the presence of



PERIPHERAL CIRCULATION 31

Harzor, G A, Jr, The otygen and earbon dioxide content of arterial
2nd of venous blood in normal individuals and in patients with anemia
and heart disease, J Exper. Med 30, 241 (1919} 5

Herrer, A J,,and D F. OKU\E\V. Ucber Vemndcrungcn des peripheren
Stoffnechsels im Z mit ber
der Mushelarbeit, Ztsehr. | d. ges. rxyer Med 79, 806 (1931). [S

Horwrvg, H. E, Observations on the oxygen content of cnous blood from
the arm vein and on the oxygen consumption of resting human muscle,
Clin Sc. 4, 103 (1939).

Jaxsex, K, H W, Kxtepeive, and K Stroysercew, Klmnische Unter-
suchungen {iber Atmung und Blutgase, Bestr. s Klin d Tuberk 80,
304 (1932). 15

Kavr, E, and E Zax, des W der
Schweiss-Sekretion bei Kreistaufhranken, Ween khin Wehnschr 40,
1405 (1927).

LANDT, H,and J E. Bexjay, Changcs in the content ol carbon diovide
in venous blood dunng reb of
change in persons with a normal heart and in pauenls with cardtac
disease, drck. Int 3led 67, 72 (1941) (K]

Luxpscarrn, C, Studies of oxygen in the verous blood II Studies of
the oxygen unsaturation in the venous blood of a group of patients
with aircolatory disturbances, J. Exper Med 27, 179 (19182) [5

Luxoscasrp, C, Studies of oxygen in the venous blood III Determina-

tions on five patents with d latory  disturbance:

J Exper. Med 27, 199 (1918b) 5
Luxbscaaro, C., Studies of oxygen im the venous blood IV. De!ermm:x-

tions on five patients with i i y

I Exper. Med 21, 219 (1918¢), 5

Means, J H, and L H. Newsurcr, Studies of the blood flow by the
method of Krogh and Lindhard, Tr 4 Am Physicuans 30, st (1915).
(5

Ptncs, R G, A possible explanation for lhe cyanosis and hyperpnea seen
and cardiac d J Lab & Chn Med. 2,
867 (x917)
PEARCE, R, G., The cardiorespiratory mechamsm in health and disease,
Arch Int "Med. 27, 139 (1921).
Rasmowrrer, I M, The output of the heart per beat in heart disease,
Arch. Int, Med 36 239 (1925) 5
RoccriNy, G, Misure comparative della veloaith circolatoria neghi arta

superiori ed inferion, in condiziom normali e patologiche, Cuore ¢
circolaz 21, 508 (x937)




30 CHRONIC CARDIAC DECOMPENSATION

Bibliography
Chapter I~ Section 3

Asrarson, D 1, 8. M Frersy, and K Fracus, Effect of muscular exer.
cise upon the perpheral circulation in patsents with valvular hesrt
disease, J Clmt Investgateon 21, 147 (1942)

Aprarson, D 1,8 M Fiexer, and K Fracxs, Rate of peripheral blood
flow in the presence of edema, dm Heare 1 25, 328 (19430).

Ampamsox, D I, H Lanpr, ang J E Bexjastiv, Peppheral vascular
Tesponse to acute atoma, Arch fut Med T1, 583 (x9435).

Burer, G E, Rate of wates and heat loss from the respiratery tract of
patfents with congestive heart failure who were from & subtropical
climate and resting n a comfortable atmosphere, Am Heart 7 32, 8
(19460}

Buren, G. E, Influence of vanations atmaospheric temperature and
humdity on the rates of water and heat loss irom the respiratory
tract of patients with congestive heart fatlure hving s a subtropical
chmate, Am Heart J 32, 101 (19466},

Burcw, G B, The mfluence of environmental temperature and relative
humidity on the rate of water loss threugh the skin in congestive
beart failure m a subtropreal climate, 4m J 3 Se 211, 18t (rg46¢).

Conx, A B, and J. M Steere, Unexplamed fever n heart fadure, J Chin
Investigateon 13, 855 (1933).

Cassto, P, and I Besconsxy, The cyanosis m mitral stenosss, Am Heort
1%, 5 (1939). s

D'Avton, € J, R € Dastng, 2nd £ Srsea, The insenuble loss of

water in congestive failute, Am F Aed Se. 218, 516 (1948)
Davrresanog, L, Contnbution & I'étude physiopathologmique ot thésapey-
tique des troubles circulatoires dans Yasystohe, drch wnlernat de méd
expér 2, 413 (1926}, s
Fraeorany, O K, J 8, Hunt, and R, W Wirkixs, Effects of changes
in venous pressure upen blood fow i the kmbs, Amr Heart 7 25,
631 {1945}
Granr, § 8, Changes in the blood oxygen following therapeutsc bleeding
in cardiac patients, 7 Lab & Chn MMed 9, 160 (19123) {5
Hawmus, T, and T J. Lterew, Cardis¢ output and owygen utilination sn
some types of heart disease, Ednburgh M 1. 38, sor {1g31).
Hammisov, T. R, and C. Priosiem, Studies i congestive beart failure
1. The effect of edema on oxygen wilization, J. Clin, Investigation 8,

250 C1g2g~30).



PERIPHERAL CIRCULATION 31

Haxzor, G. A., JR, The oxygen and carbon dioxide content of arterial
and of venous blood in normal individuals and in patients with anemia
and heart disease, J Exper Med 30, 241 (1919). 5

Herrsr, A. J,and D. F. Om,w:\\ Ueber Vemndtrungcn des pcnphercn
Stoffwechsels 1m Z mit den
der Muskelarbeit, Ztsche, § d ges. exper Med 79, 806 (1931) [5

Hotvrve, H, E, Observations on the ovygen content of venous blood from
the arm vein and on the oxygen consumption of resting human muscle,
Clin. S¢ 4, 103 {(1939).

Jaxsen, K, H W Rnreeive, and K Stroaeercer, Klinische Untero
suchungen fiber Atmung und Blutgase, Beitr 2 Kl d. Tuberk. 80,
304 (3932). [5

Kave, E, and E ZaK, S des W b i ders der
Sche kretion bear K Wien khn Weknschr 40,

1.1

1405 (1937)

LMm', H,and J] E Bexyasiy, Changes in the content of carbon dioxide
in venous blood dunng of
change in persons with a normal heart and n p:\lmnls with cardiac
disease, Arck Int Med 67, 72 (1941). 5

Luxpscaarp, C, Studies of oxygen m the venous blood II Studies of
the oxygen unsaturation in the venous blood of a group of patients
with arculatory disturbances, J Exper Med 21, 179 (19182). [5

Luvpseasrn, C, Studies of oxygen 1n the venous blond I Determlm-
tions on five patients with latory

J. Exper. Med 217, 199 (19185) 5
Lunpscasro, C, Studies of oxygen m the venous blood 1V Dclermm:\-

tions on five patients with circulatory d;

J. Exper Med 21, 219 (1918¢) [5

Means, J H, and L H NewsurcH, Studies of the blood flow by the
method of Krogh and Lindhard, Tr 4 Am Physicsans 30, s1 (1915)
5

P!Ancs, R G, A possible explanation for the cy:nosxs and hyperpnea seen
and cardiac d J Lab & Chin Med 2,
367 (1917)

Pearce, R G, The cardiorespiratory mechanism 1 health and disease,
Arch Int Med 27, 139 (1g21).

Rarmvowtrem, I M, The output of the heart per beat in heart disease,
Arch Int Med 36 239 (1925)

Rocenmvg, G, Misure comparative della velocitd circolatoria negli arty

superiori :d inferion, 1n condiziom normal: e patologiche, Cuore ¢
circolaz 21, 508 (1937).




32 CHRONIC CARDIAC DECOMPENSATION

Scort, R. W, The total carbonate content of the arterial and venous
plasma in patients with chronic heart disease. Proc Soc Exper. Biol,
& Med 11, 19 (1919)

STEELE, J M, Fever 1n heart farlure Relations between the temperatures
of the mteror and the surface of the body, J. Clin, Investigation 13,
869 (1934).

Sreece, J M, Ehmination of heat by evaporation of water from the
lungs 1n heart failure, J Clin Investigation 14, 706 (1935).

STEELE, ] M, Elevation of rectal temperature following mechanical ob-
struction to the penpheral circulation, Am Heart J 13, 542 (1937).

STEWART, G N, Studies on the circulation in man The blood flow in the
hands and feet in normal and pathological cases, Harvey Lectures 8,
86 (1912-13)

StEwaRT, G N, Studies on the circulation 1n man X The blood flow
in the hands in diseases of the heart, Arck Int Med 13, 1 (1914)

Stewart, H J, W. F Evans, H Brown, and J R. Gerjuov, Peripheral
blood flow, rectal and skin temperature i congestive heart failure
The effects of rapid digitalization 1n this state, Arck Int Med T7,
613 (1946)

Werss, S, and L B Etrurs, Oxygen utilization and lactic acid production
in the extremities during rest and exercise In subjects swith normal
and 1 those with diseased cardiovascular systems, Arch Int Med
55, 665 (1935). 5

WiLkins, R W, and S E Brabrev, Changes in arterial and venous blood
pressure and flow distal to a cuff mflated on the human arm, Am J.
Physial 147, 260 (1946)

4. Arterial Blood Pressure.
Peripheral Resistance. Vasoconstriction

The arterial blood pressure shows no consistent change as a con-
sequence of congestive failure, although a fall is often described in
recovery (Seymour ¢f al , 1942, 6) This decrease in arterial pressure
is difficult to interpret, since some lowering of blood pressure usually
occurs when hypertensive patients and some normal subjects remain
in bed over a period of some days. It is probable that cardiac de-
compensation has no cansistent effect on arterial blood pressure; any
tendency toward a fall consequent to lowered cardiac output is Likely
to be counteracted by vasocenstriction caused by sympathetic activ-
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ity, the latter precipitated by anoxia, anviety or discomfort. The
work of Henry e ol (1947) shows that vasoconstriction occurs in
the extremities in normal subjects exposed to anoxia. Evidence of
vasoconstriction is afforded not only by the pallor the patients ex-
hibit but also by the fact that reactive hyperemia js diminished (von
Marsossky, 1042). This cutaneous vasoconstriction may at times lead
to a false diagnosis of shock. Renal vasoconstriction also occurs (Mer-
rill, 1946; Merrill ¢f al , 1946) Since the cardac output is low in de-
compensation and the artersal pressure is normal or slightly elevated,
is is clear that the total peripheral resistance must be increased (Sey-
mour ¢t al., 1942, Richards, 19435, Stead ¢f al,, 1948; Bloomfield
et al., 1948), which 15 addttional evidence of vasoconstriction; the
resistance falls to or toward normal in recovery (Seymour ef ol.,
1042) The reported finding of renin (Merrill, 1946; Merrill 2 af,
1946) in the renal venous blood in congestive failure may be im-
portant for an understanding of changes in blood pressure, although
the amounts reported to be found are so large as to arouse skepticism
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5. Venous Pressure. Venous Tone

Venous engorgement is one of the cardinal signs of congestive fail-
ure. Measurements of the venous pressure by many workers, by
direct or indirect methods, have corroborated this clinical finding
(Gaertner, 1903; Clark, 19r5; Eyster, 1026; Winsor and Burch,
1946; 7). Most of these authors agree that the venous pressute is
normal in patients with organic cardiac disease but without signs or
symptoms of failure {exclusive of tricuspid disease and pericarditis),
but Gaertner (19o03) and Clark (1915) found it to be elevated in
some such patients. A considerable degres of overlapping of venous
pressure Values may be found when normal individuals, compensated
cardiac patients and patients in failure are studied (Altschule, 1938;
8). When patients with congestive failure and high venous pressures
sit up, the pressure in the veins falls, a phenomenon which does not
oecur in normal subjects (Winsor and Burch, 1946); the importance
of this finding in regard to the genesis of orthopnea is apparent, A
single observation records the fact that tone of the small veins is
normal in patients with elevated venous pressure (Capps, 1936).
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The normal response to an increase in venous pressure is an increase
in cardiac output {Altschule and Gilligan, 1938); decompensated
patients who show increased venous pressure at rest have diminished
cardiac outputs.

The rise in venous pressure frequently found in cardiac decom-
pensation is due in part to the inability of the heart to take up and
propel forward all the blood brought te it. This conclusion is sup-
ported by the loss of gradient between venous and right auricular
pressures in chronic failure (page 45) and also by the striking and
almost immediate rise in venous pressure which often occurs in pa-
tients with paroxysmal arthythmias and rapid ventricular rates
(page 251); vasoconstriction may, however, play a part in the latter
phenomenon. The fact that the rise of venous pressure that follows
exercise is greater and more prolonged in cardiac patients than in
normal subjects (9, Schott, 1gr2. Harnson et al., rg32; White ef al,,
1925) also suggests the importance of impaired cardiac output; the
increased venous return consequent 1o the pumping action of the
exercising muscles is more than the weakened heart can propel for-
ward, It is to be noted, however, that even in normal subjects exer-
cise in the anovic state which occurs at high altitudes is associated
with a greater than normal rise in venous pressure (Schneider, 1916);
it is not unlikely, therefore, that excessively labored breathing also
brings about elevated venous pressure. Pulmonary congestion causes
changes within the lung which result in increased intrapleural pres-
sure (page 53), the latter change impedes the entrance of blood into
the thorax (Hooker, 1g14; Holt, 1943, 1944; Prinzmetal and Kountz,
1935), thereby tending to increase the venous pressure.

Still another factor making for a rise in venous pressure is in-
creased blood volume. Several authors (Brandt, 1931; Wollheim,
1931, Gibson and Evans, 1937; Warren and Stead, 1944) who meas-
ured both have stressed the parallelism between the two in cardiac
decompensation (page 6), and Starr (1940) reached the same con-
clusion by showing that after death the “static” pressure in the body
of a decompensated cardiac patient is much ahave normal. Starr and

Rawson (1940) studied the effects of lowered outputs in a model
circulation and likewise found that the rise in venous pressure was
related to an increase in the volume of fluid in the circulation, The
work of Gibbons (r948) and of Threefoot, Gibbons and Burch
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5. Venouns Pressure. Venous Tone

Venous engorgement is one of the cardinal signs of congestive fail-
ure, Measurements of the venous pressure by many workers, by
direct or indirect methods, have corroborated this clinical finding
{Gaertner, 1go3; Clark, xo13; Eyster, 1926; Winsor and Burch,
1946; 7). Most of these authars agree that the venous pressure is
normal in patients with organic cardiac disease but without signs or
symptoms of failure (exclusive of tricuspid disease and pericarditis),
but Gaertner (1903) and Clark (1915) found it to be elevated in
some such patients, A considerable degree of overlapping of venous
pressure values may be found when pormal individuals, compensated
cardiac patients and patients in failure are studied (Altschule, 1938;
8). When patients with congestive failure and high venous pressures
sit up, the pressure in the veins falls, a phenomenon which does not
oceur in normal subjects (Winsor and Burch, 1946} ; the importance
of this finding in regard to the genesis of orthopnea is apparent. A
single observation secords the fact that tone of the small veins is
normal in patients with elevated venous pressure {Capps, t936).
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{xg47) shows that no regular temporal relation exists between in-
crease in body weight and rise in venous pressure,

When the venous pressure is el d in cardize decomy Zon,
it vsually falls to or toward normal in recovery. Indeed, it often be-
gins to decrease shortly after the patient is put to bed (Houssey,
1916}, before the action of more specific therapy becomes effective.
This phenomenon may be merely the consequence of relaxation, for
straining raises the venous pressure (Mever and Middleton, 1929;
Liedholm, 1939, Adams, rg39, Chapman and Linton, 1945; Hamil-
ton ¢t al., 1944). Among the procedures that rapidly lower venous
pressure are venesection (page 227), appheation of tourniquets to
the extremuties (page 224) and, in patients with pleural effusion,
thoracentesis {page 334) The beasing of these findings on the relief
of orthopnen and edema wsll be discussed in another place {page
156) Failure of the venoys pressure to fall or a continuots rise dur-
ing treatment may be a poor progrostic sign  An elevated venous
pressure is found occasiomally before dyspnea appears and often
bejore edema and orthopnea become manifest, In many instances,
however, marked signs of failure, such as riles in the chest, cyanosis,
hepatic engorgement or even edema may be present without any ele-
wation of venous pressure above the upper limit of the nosmal range
{Winsor and Burch, 1946).

In addition to studies of the effects of exercise on venous pressure
cited above, other procedures employing measurement of pressure
in the veins have been suggested as tests of cardiac function, They
are, howeves, difficult to and thevelore of doubtinl value.
These tests include the Valsalva maneuver (Meyer and Middleton,
1929; Liedholm, 1939}, coughing (Lausan et of, 1946), and sud-
den occlusion of both femoral arteries (Chiorazzo and Perini, 1938};
atmormal responses are said to occur in patients with congestive
faihure, The finding of Gilbert and Goldmeher (1046) that epine
phrine and insulin raise venous pressures in cardiac patients but not
in normal subjects is clearly an error
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The right auricular pressure is high in congestive failure
{McMichael and Sharpey-Schafer, 1944; Richards, 1945, Bloom-
field et o, 1946; 10) and the normal gradient between venous and
intra-auricular pressure falls markedly, usually to an unmeasurably
low value This finding appears to be conclusive evidence of back
pressure from the heart. The high pressure withm the heart is, how-
ever, due in part to increases 1n intrapleural pressure which may occur
in cardiac decompensation {page 53), for the intra-auricular pres-
sure varies with the intrapl pressure (Bloomfield et al., 1946).
More important probably as the cause of high right auricular pres-
sure Is the increase in right ventricular pressure that occurs (Bloom-
field et al., 1947, Cournand et al, 1944, Richards, 1045; Battro et
af, 1949; Hickam and Cargill, 1948) Back pressure from the en-
gorged pulmonary vessels leads to 2 rise in systolic intraventricular
pressure only, to judge from the results of studies in patients with
mitral stenosis (Bloomfield et af , 1946). However, when the heart
fails, both systolic and diastohc pressures are elevated, a finding that
suggests iction in the pul y circmt Recent work by
Motley ef al (1947) indicates that anovia causes marked pulmonary
vascular constriction It is to be noted (page 32} that the peripheral
arterial tree also shows evidence of constriction in patients with
chronic cardiac decompensation.
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9. Cutaneous Capillarics. Capillary Pressure

Engorgement of the tissue capillaries, often to the point of hemor-
rhage, is the usual postmortem finding in congestive failure. The
degree of congestion that exists during life in such patients cannot
be estimated accurately from the sections of fixed tissues, since some
of the changes may be agonal or postmortem. Direct observation of
the capillaries of the nail folds of patients with congestive failure has
been possible for many years, and the findings of all observers (Craw-
ford, 1926, 1927; 11) are in substantial agreement. The visible

illaries are d in number, i 1y show dilatation of
the venous limb and may exhibit shght narrowing of the arterial
limb. The blood in them is dark, moves stowly and may be motion-
less for abnormally Jong periods of time; the column of moving blood
often appears granular or segmented. It is to be noted also that the
small venules of the subpapillary region ate likewise abnormally

and promi Hisinger-Jdgerskiold (1923) found these
changes only in patients with peripheral failure and not in those in
whom the signs of congestion were limited to the lungs; the latter
patients showed only cutaneous capillary constriction. The reason
for the dilatation of the venous limb of the capillaries is made clear
by the observations of Krogh (1929) and of Landis (1928), who
showed that anoxemia causes capillary dilatation, In congestive fail-
ure the effects of anoxemia are naturally most marked at the venous
end of the capillary.

It is to be expected that the capillary pressure will always be
higher than the venous, so that a finding of elevated venous pressure
carries with it the imphication in general that the capillary pressure
is also elevated, as direct measurements show (Eichna and Bordley,
1939, 1942). Earlier measurements of capillary pressure in patients
with congestive failure by indirect methods gave variable results
{(Meldolesi, 1926; Boas and Dooueief, 1924); these methods are
demonstrably inaccurate (Eichna and Bordley, 1939) More recently
measurements have been made by means of direct micro-injection of
the cutaneous capillanies in patients in failure, Those with edema
were observed to have bigh values (Fahr and Ershler, 1938, 1041),
while those without edema had capillary pressures within the normal
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range. High pressures fell to normal in recovery, according to these
authors Horwever, their finding that the capillary pressure may be
found to be abnormally high, even when the Vvenaus pressure was pot
outside the normal Fange, invites skepticism,
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9. Lung Volume. Pulmonary Elasticity and
Dustensibility. Intraplenral Pressure

Many authors, chiefly clinicians, have ascribed the dyspnea of
heart disease to a reduction in vital capacity As Christie and Meakins
(1934) have emphasized, this erroneous concept is based on loose
thinking to lack of ion of the si e of the
vatious subdivisions of the total lung volume. It 1s, therefore, essen-
tial to undy d clearly the terminology bearing on this subject.
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Harrison (1933, 1934) observed improvement fn orthopnes in mos
instances after spinal drainage; be reported {1934} that the pesi
pheral venous pressure also usually decreased significantly after thi
procedure, The cbservation that respiratory distress is relieved by
removal of spinal fluid has been cotroborated by others (Alischule,
1933; Volini and Levatt, 1040) Robertson and Fetter (2935) felt that
withdrawal of spinal Buid performed simultaneausly with venesection
was more effective in relieving orthopnea than was the latter alone
Harrison (1934), however, was unable to cosrelate the refief of
orthopea with lowering of the venous pressure in his patients, and
felt that orthopnea was due to increased intracranial pressuse. Pa-
tients with increased intracranial pressure due to primary intracra-
uial disease do not have dyspnea or orthopnea, however, Bor. daes
tumbar § alter thejr resp 'y ics in any ¢
manner.

The reason for the temporary selief of respiratocy distress in con-
gestive failuse after spinal puncture is probably a transitory increase
in blood flow through the cerebral respiratary centers; high intrs-
cramal pressure has been shown to cause a decrease ta cerebral blood
flow in man (Shenkin et al, 1946). The reason for the reported de-
crease n peripheral vemous pressure following spinal puncture is
obscure.
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1923}, where it may be d ly. Accordingly, it ap-
pears that, with possible exceptions in patients with very severe
failure, the space available for breathing is not decreased.

Reported measurements of the residual air are also numerous (14)
but many are unacceptable, The more reliable data of Binger (1923),
Christie and Meakins (1934), Kaltreider and McCann (1937), Poli
(10384,b) and Altschule et a! {1943) shows that the residual 2ir is
usually increased in patients with chronic congestive failure, al-
though Binger (1923) found that 1t might be decreased in severe
failure; increase in residual air indicates that a state of mild second-
ary pulmonary emphysema is common in myocardial insufficiency.

All authors agree that the reserve air is reduced in this condition
(Binger, 1923, Christie and Meakins, 1934, 15) This finding indi-
cates a loss of elasticaty, which actually has been demonstrated by
more direct methods as well (Christie and Meakins, 1934; Christie
and Mclntosh, 1934, Paine, 1940). The loss of elasticity, together
with generalized muscular weakness, serves to explain the reduced
evpiratory velocity and pressure manifested by cardiac patients
(Gross, 1943, Plotz, 1947, Heyer, 1946) The diminution in reserve
air is paralleled by changes in the intrapleural pressure, the latter
becoming less negative (Christie and Meakins, 1934, Christie and
McIntosh, 1934; Paine, 1940), the conclusion of Poli (1936, 1938a,
b} that it becomes more negative cannot be accepted. The loss of
most or all of the mtrapleural negative pressure impairs the effective-
ness of inspiration and also impedes venous return; the latter change
tends to elevate peripheral venous pressure (page 35).

The pl ! air is dimmished-—oft kedly—in chronic
congestive failure (Binger, 1923, Siebeck, 1910; 16) Accordingly,
?he distensibility of the lungs must be greatly impared because of
Increased ngidity, as has indeed been demonstrated by more direct
methods {Christie and Meakins, 1934, Christie and McIntosh, 1934).
This in itself makes nspiration more difficult and also limits the
increase in tidal air volume that normally occurs in response to work.
(page 62).

.The vital capacity (Peabody and Wentworth, 1917, Rubow, 1908;
Sieheck, 1910, 17) and total capacity (13, 14) are both diminished,
since both are derived from the reserve and complemental airs, the
vital capacity entirely and the total capacity largely.
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Functtonal residual (subtidel) eir is the volume of air remaining
in the lungs after normal expiration. It is the sum of the residual and
reserve (supplemental) aus, and is largely a measure of the space
available for respiratory exchange, it must be changed by mixing
with and diffusion from the tida} air. A subdivision of the total fung
volume having approximately the same significance is the mid capac-
ity, a measure used by some contivental authors; it consists of the
functional residual air plus half the tidal air volume.

Restdual air is the volume of air remaimng in the lungs after
maximal forced expiration.

Reserve (supplemental) air is the air which, after normal expiza-
tion, is expelled by maximal forced expiration. It is a measuze of the
elasticity of the lungs and in individual subjects varies with the
intrapleural negative pressure, decreasmg as the pressure approaches
the atmospheric.

Complemental ir is the air which, after normal expiration, is taken
in by maximal forced inspiration, and is therefore a measure of the
expansibihity of the lungs and of the thoracic cage.

Vital capacity 15 the sum of the reserve and complemental alt
volumes and, since it measures both at the same time, may have no
precise signifi n some cy;

Total rapocity w the sam of the residual, reserve, and comple-
mental air volumes

Some of these subdivisions of the lung volume are measured easily
and with accuracy, these include the reserve and complemental airs
and the vital rapacity. On the other hand, the residual and func-
tional restdual airs are measvred by mneans of fairly comphcated
techniques, some of which do not yield accurate data in subjects in
whom miving 1n the Jungs is impaired, including patients with cardiac
decompensation

Although a number of authors have measured the functional resid-
ual air and the md capacity in patients with congestive faiture {(13),
the data wn most instances are not acceptable, having been obtained
by the use of methods that do not give accurate results in patients
with abnormal lungs. The more reliable data of Binger (1923},
Christie and Meakins (2934), Poli (10382,8) and Altschule et of.

(1943) indicate vo great change in functional residual alr {n chronic
congestive failure, except possibly in severe decompensation {Binger,
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1923), where it may be d d si ly. Accordingly, it ap-
pears that, with possible exceptions in pauents with very severe
failure, the space available for breathing is not decreased.

Reported measurements of the residual air are also numerous (14}
but many are unacceptable. The more reliable data of Binger (1923),
Christie and Meakins {1934), Kaltreider and McCann (1937), Poli
(19384,5) and Altschule 2 al. (1943) shows that the residual air is
usually ncreased in patients with chronic congestive failure, al-
though Binger (1923) found that it might be decreased in severe
failure; increase in residual air indicates that a state of mild second-
ary pulmonary emphysema is common 1n myocardial insufficiency.

All authors agree that the reserve air is reduced in this condition
{Binger, 1923, Christie and Meakins, 1934, 15) This finding indi-
cates 2 loss of elasticity, which actually has been demonstrated by
more direct methods as well (Christie and Meakins, 1934, Christie
and McIntosh, 1934; Paine, 1940). The loss of elasticity, together
with generalized muscular weakness, serves to explain the reduced
expiratory velocity and pressure manifested by cardiac patients
(Gross, 1943, Plotz, 1947, Heyer, 1946). The diminution in reserve
air is paralleled by changes in the intrapleural pressure, the latter
becoming less negative (Chnstie and Meakins, 1934; Christie and
MclIntosh, 1934, Paine, 1940); the conclusion of Poli (1936, 19384,
) that it becomes more negative cannot be accepted The loss of
most or all of the intrapleural negative pressure impairs the effective-
ness of inspiration and also impedes venous return, the latter change
tends to eleva(e penphera! venous pressure {(page 35).

The larisd hed—often markedly—in chromc
congestive failure (Binger, 1923, Siebeck, 1910, 16) Accordingly,
the distensibility of the lungs must be greatly impaired because of
increased rigidity, as has indeed been demanstrated by more direct
methods (Christie and Meakins, 1934; Christie and McIntosh, 1934).
This in itself makes inspiration more difficult and also limits the
increase in tidal air volume that normally occurs 1n response to work
(page 62)

The vital capacity (Peabody and Wentworth, 1917; Rubow, 1908;
Siebeck, 1910, 17) and total capacity (13, 14) are both diminished,
since both are derived from the reserve and complemental airs, the
wvital capacity entirely and the total capacity largely.
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The mechanisms underlying the aforementioned changes in the
lungs have heen studied in experiments on asimals by Romanofl
(1g11), Drinket, Peabedy and Blumgart (1922) and Mack ef ol
(r947). The first two showed that congestion causes encroachment
by the engorged vessels on the air spaces, thus supporting ven
Basch’s earlier theoretical analysis Increased rigidity of the lung
was also found by Romanoff (1911} and by Mack #f o {1947);
that engorgement with blood increases the rigidity of tissues is well
known

Attempts to correlate vital capacity with severity of dysprea ob-
viously cannot succeed, since many mechanisms participate in the
genesis of that symptom, indeed, as a symptom, dyspnea js not
measurable Simiarly, the use of various ratios, such as respiratory
mimute volurne to vital capacity (Harrison ef al., 1931, 1932}, maxk
mal respiration to vital capacity, mazimal tidal air to vital capacity,
or vital capacty to total capacity, 15 not vahd. The satios of residual
air to total capacity and of functional residual air to tatal capacity
have also been employed. All of these ratios are cbjectionable be-
cause there is no way in which the cerebral cortex of the dyspneic
patient becomes aware of thes, whereas abnormality of one of the
factors previously discussed might make its presence known by
lessened efficiency of breathing or by changes in blood gases The
data of all authors show a great deal of overlapping of values for
vital capacity in the dyspreic and nondyspneic groups of cardiac
patients McMichael (1939} found a better correlation between the
degree of hyperventdation and fall in cardiac output than betveen
the former and decrease in wital capacity.

The validity of the application of methoads far measuring the resid-
nal air to exescising patients bas not been estabhshed; the vital
capacity can, however, be d during or i diately alter
exerase. Although 2 number of authars have desceibed 3 shght re-
duction in vital capacity in normal subjects during severe exertion
(18), Levine and Wilson (1gr9), Harnson e al. (1932} and Iglauer
and Altschule (1938) found only insignificant changes, which the
1ast pamed ascribed to dxfﬁculiy in holding the breath fong enough
for performing d and espisation while dyspneic. All
measucements of vital capacity in cardiac patients made dyspneic
by exertion reveal no change from the control values (AR ef al,, 1930;
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Harrison ef al., 1932). These findings strongly suggest that exertion
causes no increase in pulmonary congestion.
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only 30 per cent. Actually, however, since somewhat more than 100
cc. of inspired air is used to wash out the airways that do not func-
tion in respiratory exchange, the figures for effective tidal air would
be less than 400 cc. in the normal and 250 cc. in the decompensated
state, a difference of 40 percent or more. The increase in respiratory
minute volume at rest is therefore more apparent than real, and in
many instances the effective minute volume respiration must be
smaller or at least no larger than normal Expiration is prolonged
(Thiel, 1930; Gross, 1943; Heyer, 1936; Plotz, 1947) and the
velocity and pressure of expiration are low Shallowness of respira-
tion in congestive failure is the consequence of several factors. (1) In-
creased rigidity of the lungs makes inspiration more laborious and
prolongs iration; the latter is lly purely passive, but in
some cardiac patients active muscular effort is required. (ii) The
lessened negativity of the intrapleural pressure which obtains in
chronic cardiac d P ion makes ion less effective
(ui} The diapbragm 1s often flattened in congestive failure, so that
its excursions are limited. (iv) Reflexes from the congested lung and
elsewhere may cause rapid shallow respiration (page 67). (v) The
movements of the diaphragm may be limited by pleural effusions or
abdominal distention. Accordingly, it is to be expected that factors
that normally might increase tidal air volume, such as anoxia (Gray-
biel e2 al., 1937) or hypercarbia (Peabody, 1915, 1917), will, in
decompensated cardiacs, act largely by increasing the rate instead,
as these authors have shown,

Effect of exercise —The respiratory rate shows a greater than
normal rise during evercise in cardiac patients (Kaltreider and
McCann, 1937, Bendixen, 1931; Dennig and Prodger, 1933; Engel-
hard, 1927, Harrison et ol., 1932), as does the respiratory minute
volume also (Campbell, 1934; Cullen ef al., 1931; Nielsen, 1937;
Peabody and Sturgis, 1922; 23); both return to normal after cessa-
tion of exercise more slowly than normal The increase in respiratory
munute volume is far in excess of the mnse in oxygen consumption
consequent to work, so that the ratio of respiratory minute volume
to oxygen consumption, which is high n cardiac patients at rest, be-
comes larger (Herbst, 1928, Kaltrexder and MeCann, 1937, Knipping
and Moncrieff, 1932; Zaeper ef al., 1939). The increase in minute
volume respiration that occurs is largely the result of a nse in rate,
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10. Respiratory Dynamiscs. Mixing in the Lungs

The earliest chuical evidences of congestive failuze are in most in-
stances associated wih altered respiratory dynamics during exertion;

respuratory rate (Campheli, 1934; Harrison ef o, 1932, Peabody,
1917, 19} and respiratory mmute volume (Beddard and Pembrey,
r9oB; Espersen, 1941, McMichael, 59395 20). Oxygen consumption
is often increased jn patients with cardiac decompensation (page
244), but the mcrease in respiratory minute volume 15 propartionately
greater, often very much go (Herbst, 1928; Jansen et ol y932; 21).
Resprration 15 usually found 1o be shallow {Campbell, 1934; Knip-
ping et ol 19324, &; Peabody, 1917, 22), although Boyer and Bailey
(1943} found it normal in depth and Thiel {2930} described it as
increased. The shallowness of the respiration is reflected in the low
carbon dioxide content of espired are (Basr and Peters, 1920, Boyer
and Bailey, 1943; Campbell and Paultan, 1927},

The decrease in tidal air volume is really mare serious than the
measurements indicate, For instance, a patient whose tidal air
volume is normally 500 cc. and in whom it falls to 350 cc., duting 3
period of decompensation apparently has a decrease in tidal air of
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mally great respiratory response to exercise. Actually, however, the
degree of increase in respiratory minute volume in decompensated
cardiacs far exceeds that which occurs when patients with severe
pulmonary disease exercise, so that other factors must be more im-
portant. The absence of further increase in circulation time (page
19) and of additional decreases in wital capacity in exercising car-
diac patients (page 54) suggests that increased congestion of the
lungs does not occur. It is doubtful whether increased activity of
reflexes from congested lungs dunng exertion is of importance, since
the lungs do not appear to become more congested. Nor do reflexes
arising in the great veins appear to be a factor {page 63). The
large and persistent increase in respiration on exercise in congestive
fadure strikingly resembles the high and long curve of rise i blood
lactic acid level which also occurs (page 86), the lactic acidosis is
due to both arterial anoxia and lowered cardiac output. The im-
portance of anoxia in the exertional hypersentilation of congestive
failure is emphasized by the fact that patients with this disorder
when made anoxic at rest hyperientilate more than do normal sub-
jects under the same conditions (Graybiel et al., 1937, Landt and
Benjamun, 1931). In addition, even normal subjects hyperventilate
abnormally when performing work under anoxic conditions (Clark-
Kennedy and Owen, 1926; Asmussen and Chiodi, 1941) Impaired
dispersal of the excess heat produced during exertion may be an
additional factor causing mcrease in respiration.

Mixing —A number of authors record the fact that mixing in the
lungs is abnormal 1n cardiac patients (Bruns, 1910, Siebeck, 1912}
However, this function may m some instances be normal (Cournand
et al., 1941).
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for decompensated patients show a marked limitation of the degree
to which the tidal air can increase during exercise (Bendizen, 1931;
Campbell, r934; Campbell and Sale, 1927, Dennig and Prodger,
1933, Kaltreider and McCann, 1g37). Bendixen (rg31) claimed
that the ratio of maximal tidal zir to vital capacity was normal in
exercise in congestive failure, suggesting that the sestriction of tidal
air in exercise was merely a reflection of a lessened vatal capacity.
However, Campbell (1934) found it larger, and Engelbard (1927)
smaller, than normal, so that attempts to attribute the Jowered tidal
air volumes of exercise in cardiacs solely to reduction of the vital
capacity do net appear to be warranted. Increased rigidity of the
lungs {page 53) explamns the limited increase of tidal volume during
exercise in cardiac patients wn failure, the activity of reflexes atising
in congested lungs and causing rapid shallow respiration does not ap-
pear {o increase during exercise, but such reflexes may originate
elsewhere, The maximal possible ventilation is of course considerably
decreased in decompensated cardiacs (Jansen e of, 1932, Battro
and Labourt, 1943; de Carrasco and Vorwerk, 1936; Engethard,
1927), thereby himsting thesr activity greatly, for the difference be-
tween their high resmratory minute volumes at rest and their low
mavimal respiratory volume is small, that is, the “ventilation re-
serve” is low

Cardiac patients with more severe degrees of dyspnea usually have
a larger respiratory minute volume at rest and en exertion than those
in whom dyspnea is less marked, but the correlation ss poor. In
general, the mcrease m respiratory minute volume which occurs at
rest or during exertion in congestive failure is associated with the
feeling of shortness of breath, but 1t does not explain the sensation
of dyspnea; when increases of respiratory minute volume comparable
to those observed 10 congestive failure are induced in normal subjects
by exertion ot inhalation of carbon dioxde, the subjects do not be-
come dyspneic (Harnson ¢ ol, 1931; Peabody, 1917}

The abnormally great increase in respiratory activity manifested
during exercise by decompensated cardiac patients may be consequent
to a number of factors Authors who ascribe dyspnea entirely to
pulmonary tongestion relate the increased respiration of cardlacs
during evertion to the changes in the Jungs, and point to the fact
that patients with primary pulmonary disease also have an abnor-
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fusions in normal man may distend the veins greatly without giving
rise to dyspnea or hyperpnea (Altschule and Gilligan, 1938; Alt-
schule, Gilligan and Zamcheck, 1942).
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nerves. These observers clamped the artery and vein to that lung
and then injected varying amounts of fluid inta the pulmonary
vessels; rapid shallow respiration resulted, which could be terminated
by withdrawa! of the injected fluid. The results of thess experiments
were corroborated by Schwiegk {x935), Harnson and his co-workers
{1932, 1034) and Daly ¢¢ ol (1937), who also showed that the
response was abolished by section of the vagus nerve, It seems to be
fairly well established, therefore, that rapid engorgement of pul-
monary vessels may give rise to changes in respiration by means of 2
reflex arc through the vagus nerve Whether this reflex semains active
during long penods of continuous stimulation 15 not known,

1t has been supposed for many years that the abnormal rigidity of
the lungs that develops in patients with congestive failure is m itsell
& cause of dyspnea or at least hyperpnea Many authors have ex-
pressed the belief that this impaired collapsibility of the Tungs acti-
vates the Hering-Breuer seflex, thereby causing rapid shallow breath-
ing This point of view has been stressed chiefly by Christie (r938).
Recent work in animals by Bitbring and Whitteridge (1g45) appears
o negate this concept, although other work supports it (Larrabee
and Knowlton, 146}, It is impossible at present to arrive at a definite
conclusion tegarding the role of the Hering-Breuer reflex in the
Tespiratory disturbances of cardiac decompensation,

‘The role of reflexes from the lungs m the genesis of dyspnea and
hyperpnea of congestive failute is difficult to evaluate in gemeral
That they are important in causing the respiratory manifestations
associsted with rapidly developing engorgement and edema in acute
pulmonaty edema seems to be established (page 61). In chronic
cardiac decompensation, however, there is no certainty as to the past
they piay in dyspnea at rest The increased dyspnea of exertion does
not appear to depend on pulmenary reflexes, for there 1s no evidence
that increased congestion of the lungs occurs durmg exercise {page
63).
3i)isteniion of great veins was described by Harrison, Harrison
ef al., {19322, b} as a cause of reflex hyperventilation, but their
experiments in animals have been criticized because slowing of the
circulation through the brain probably also cccurred The results of
Megibow ef ol {1943) similarly do not establish the role of such
mechanisms in dyspnea, The i of large int in~
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would constitute an additional source of strain in patients with hearts
already damaged. Moreover, it appears that the respiratory center
in cardiac patients in failure is hypersensitive to ovygen lack (Landt
and Benjamin, 1941; Graybel ef al, 1937) and therefore small
changes in arterial blood oxygen saturation should aggravate dyspnea
Additional evidence of the importance of the apparently mild degree
of arterial anoxemia that occurs in cardiac decompensation is afforded
by data on the effects of oxygen therapy Relief of symptoms, when
it oceurs, is usually associated with an elevation of the level of arterial
blood oxygen saturation to or toward normal {Barach and Richards,
1931; Barach and Woodwell, 1921¢, Cohn ¢f al., 1932; Richards
and Barach, 1934; Schoen and Derra, 1930); venous blood oxygen
content also rises (Barach and Woodwell, 19214).

Pulmonary factors are for the most part responsible for lowered
arterial blood oxygen saturations in patients with cardiac decompen-
sation not associated with congenital heart disease These factors
include inefficient respiration, impaired miung in the lungs, edema
of the alveolar walls and, in some instances of severe mitral stenosis,
organic changes in the alveoli (page 285). Tachypnea, of whatever
origin, may also lower the arterial blood osygen saturation (Meakins,
1920, 1922; Meakins and Dawies, 1920, Barach and Woodwell,
19218).

The strikingly low oxygen content of the peripheral venous blood
in chronic congestive failure has been known for several decades and
bas been observed by many authors (Hatrop, 191g; Lundsgaard,
1918¢,b,¢; 27); Harrison and Picher (1929) found no deviation
from the normal. Low jugular venous blood saturations were found
by McMichael (1939), Himwich and Fazekas (1934) and Raab
(1931). The lowered venous blood oxygen levels are consequent to
decreased cardiac output relative to the oxygen consumption of the
tissues During exercise the inability of the cardiac output to increase
in proportion to the increased needs of the body (page 8) results
in a further fall in oxygen content of the venous blood, this is par-
ticularly striking in the exercising limb, where the levels may ap-
proach zero (Weiss and Ellis, 1935).

The fall in venous blood oxygen is more constantly found and
more marked than in the artenal blood oxygen; consequently the
arteriovenous oxygen difference is mcreased The venous blood oxygen
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12 drierial and Veppy, Blood Oxygen.
Arteviovenons Oxygen Difference

Many observers who have studied the arterial blood oxygen satura
o i patients with chironic cardine decompensation (Harrop, 1919

€t al, 1036, 85} When n timinished arterial oxygen saturation occurs
fn wncomplicated congestive faiure, the values uswally lie above 85
rer cent. During exercse fittle or po change in arterial bloot oxygen
sataration oceurs in patients with cardiae {allure (Himwich ang
Locbel, 1927, Cullen o al, ro3s, Eppinger et af, 1926); patlents
with severe pulmenary disease wstally show a fall, The decreases fn
saturatlon below the normal lower fimit of 94 per cent which are
found in patients with cardlae decompensation, though apparently
small, are of fmportance, since they ocenr tn g portion of the dissacla-
tlon curve where smalf changes i savuration are assochated with large
changes In tension. In normat individuals the clreulatory response
to anoda i3 Increaseqd cardiac output and more raphd bloed Row
{Asmussen and Chiodi, 1041 Davis, 1914, 26} In ol paris of the
body except possibly the hands {Abramson ¢ al, 1953; Freeman
et ol 1936; Gelthorn and Steck, 1035}, 5o that af Joast partial
compensation eeeurs angd the effects of anovyiy are mitigated. In de-
compensated cardiac patlents, howey % ra such fucrease Iy blood
flow oceurs, to judge from the sesults of the work of Landt and
Benjamin (2938). If the increase in cardiac output did occur, it
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would constitute an additional source of strain in patients with hearts
already damaged. Moteover, it appears that the respiratory center
in cardiac patients in failure is hypersensitive to oxygen lack (Landt
and Benjamin, 1941, Graybiel e al, 1937) and therefore small
changes in arterial blood oxygen saturation should aggravate dyspnea
Additional evidence of the importance of the apparently mild degree
of arterial anoxemia that occurs in eardiac decompensation is afforded
by data on the effects of oxygen therapy. Relief of symptoms, when
it occurs, s usually associated with an elevation of the level of arterial
blood oxygen saturation to or toward normal (Barach and Richards,
1931; Barach and Woodwell, 1921a; Cohn e al, 1932; Richards
and Barach, 1934; Schoen and Derra, 1930), venous blood oxygen
content also rises (Barach and Woodwell, 1g21a)

Pulmonary factors are for the most part responsible for lowered
arterial blood oxygen saturations in patients with cardiac decompen-
sation not associated with congemtal heart disease These factors
include inefficient respiration, impaired mixing in the lungs, edema
of the alveolar walls and, in some instances of severe mutral stenosis,
organic changes in the alveoli (page 285) Tachypnea, of whatever
ongin, may also lower the arterial blood oxygen saturation (Meakins,
1920, 1922; Meakins and Davies, 1920, Barach and Woodwell,
19218)

The strikingly low oxygen content of the peripheral venous blood
in chronic congestive failure has been known for several decades and
has been observed by many authors (Harrop, 1919; Lundsgaard,
1918a,b,c; 27), Harrison and Pilcher (1925) found no deviation
from the normal, Low jugular venous blood saturations were found
by McMichael (1930), Himwich and Fazekas (1944) and Raab
(1931). The lowered venous blood oxygen levels are consequent to
decreased cardiac output relative to the oxygen consumption of the
tissues. During exercise the inability of the cardiac output to increase
in proportion to the increased needs of the body (page 8) results
in a further fall in oxygen content of the venous blood; this is par-
ticularly striking in the exercising limb, where the levels may ap-
proach zero (Weiss and Ellis, 1935).

The fall in venous blood oxygen is more constantly found and
more marked than in the arterial blood oxygen; consequently the
arteriovenous oxygen difference is increased. The venous blood oxygen
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level is a better indicator of the state of the tissues than s the
arterfal,
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33. Alvcolar Air and Arterial and Venous Bload
Carbon Dioxide Content. Carbonic Anhydrase.
Arterial and Venous Blood pH. Electrolyte Pasterns

A decrease in alveolar air carbon dioxide content or tension has
been noted in patients with cardiac decompensation by many authors
(Dantrebande, 1928; Feabody ef al., 1926, 28), This decrease paral-
Jels the increase in respiratory minute volume and thereby is related
to the degree of dyspnea to some extent. Indeed, it i caused by
hypervemﬂatxon out of proportion to carbon diovide production in
the body, and i central i imulation. As Pearce
(1917, 1921) and Pautrebande (r928) pomted aqut, circulatory io-
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suffiiency may cause it; however, central stimulation by other
mechanisms, such as reflexes, anoxia, cortical influences, and the
direct effect of fever on the medullary centers, may act likewise.
Lowering of alveolar carbon dioxide content is not diagnostic, but
it does distinguish cardiac dysprea from that due to diffuse pulmon-
ary disease (in the absence of fever).

Since the free carbonic acid of the arterial blood varies as the
alveolar earbon dioxide tension, the former must also be diminished
in cardiac decompensation. A large number of observers have re-
corded measurements of arterial whole blood carbon dioxide content
or tension, and arterial plasma bicarbonate in patients with con-
gestive failure; the values reported are usually low in the pormal
range or below it (Cobet, 1924; Fraser, 1927; 29), the degree of
lowering varying with the severity of hyperventilation. The carbon
diotide content of arterial blood is 2bove normal in only a small
minority of patients with chronic cardiac decompensation; these have
either diffuse primary pulmonary disease as well (Campbell et ol.,
1923; Fraser, 1927, Fraser ef ol , 1928; Deters et al, 1927a,b;
Winkler and Crankshaw, 1938) or else very severe uncomplicated
congestive failure with extreme degrees of pulmonary engorgement
and edema (Camphell et al, 1923, Fraser, 1927) In either of these
conditions the diffusion of carbon dioxide across the alveolar walls
may be impeded.

Changes in venous whole blood carbon dioxide temsion and in
venous serum bicarbonate at rest are variable (Pearce, 1921, Pilcher,
et al, 1930; Scott, 1919; 30), in most mstances the values are in
the normal range. When cardiac decompensation is extreme, how-
ever, the venous blood carbon dioxide comtent may be somewhat
lowered (Scott, 1919, Peters, 1917), but not to the extent to
which the arterial level is depressed McMichael (1939) found
the jugular venous catbon dioxide tension elevated in dyspneic
patients,

Since the pH of the blood depends on the ratio of bicarbonate to
carbonic acid, it 15 clear that a variety of changes can occur in the
blood of patients with cardiac decompensation. The arterial blood
PH is within the normal range or somewhat elevated {Fraser et al.,
1928, 31), depending apparently on the severity of hyperventilation,
In severe hyperventilation there is marked lowering of the alveolar
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air carbon dioxide tension with 3 corresponding falt in carbonic acid
content of the arterial blood. The ratio of bicarbonate to carbonic
aerd is increased and the arteral pH uswally rises.

That more patients with severe congestive failure do not manifest
this trend toward arterial alkalosis may be due to the increases in
blood lactic acid frequently present {page 86). A small grovp of
patients, consisting principally of those with additional diffuse ot-
ganic pulmonary disease, show carbon dioxide retention with a con-
sequent lowering of arterial blood pH due to this facter in itself The
venous Bblood pH is usually normal, although in occasional in-
stances it may be g tittle ahave ar below the normal range (Peabody,
1014, Fraser et of , x922; Harns ef al,, 1935; Peters and Barr, 1921;
Pilcher et ol., 930, Shiskin, 1937, Sonne and Jarldv, 15:8). How-
ever, the difference between arterial and venous blood pH is greater
than normal.

1t is clear that the above-described changes in arterial blood are
the consequences rather than the causes of hyperventitation and dysp-
nea at rest Lowering of arterial carbon dioxde content and hydro-
gen ion contentration appears to provide a compensatory mechanism
for stasis, a means is provided whereby each unit of blood passing
through the tissues may take up more carbon dioxide. The discussion
of Pearce in 1921 15 stll pertinent in ths respect; of particular inter~
est in regard to cardiac decornpensation is his general conclusion that
if the venous blood carbon diexide is high relative to the alveolar,
then the circulation must be inadequate, Arterial acidesis is not 3
cause of dyspnea in chronic congestive failure, at least at rest, buta
tendency toward tissue acidosis, consequent to catbon dioside retes-
tion secondary to stass, apparently is partly responsible for the
hyperventilation of cardiac decompensation, Peabody (2915) pointed
out that the respiratory response to inhalation of carhon dioxide is
similar in patients with congestive failure to that shown by patients
with uremic acidosis

A number of authors have studied the carbon dioxide carrying
power of the arterial and venous blood by measuring part or all of
the dissociation curve (Fraser, 1927; Meneely and Kaltreider, yo43;
32), Although the results are usually within the normal range, in
some instances the curve is somewhat Jow and in others, apparently
normal, some rise DTCWIS in rerovery. Meaking, Davtrebande and
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Fetter (1923) determined the carbon dioxide dissociation curves of
both arterial and venous blood in the same decompensated patients
and found normat values for the former, but a lowering of the latter.
They ascribed this depression of the venous curve to loss of base to
the tissues q to stasis (D bande, Davies and Meakins,
1923). 1t is dufficult to understand, however, how this lost base re-
turns to the arterial blood so as to restore the curve of that blood
to normal. Their findings are also difficult to interpret in the light of
those of other workers who found a depression of the arterial carbon
dioxide dissociation curve.

Fraser, Graham, and Hilton (1924) corroborated the observations
of Meakins e gl. (1923) on the lowering of the venous curve as
compared to the arterial, but in their experience this change was not
limted to patients in whom stasis existed. They pointed out that the
arterial blood dissociation curve and pH were the result of the passage
of mixed venous blood through the lungs and that comparing arterial
with venous blood taken from one part of the body, usually the arm,
did not permit one to draw conclusions concerning the relation he-
tween the arterial and mixed venous blood.

‘The cause of the slight lowering of the blood carbon dioxide curves
that may occur in congestive failure is not established, but it is not
unlikely that lactic acidosis may play a part in some instances, Not
to be overlooked in this connection is the possibility that the ad-
ministration of excessive amounts of ammonum chloride may also
be a factor (page 193). In the presence of moderate or severe acidosis
a shift in the oxygen dissociation curve to the right should occur.
Lewis et al (1913) found this change in the venous blood in some of
their patients, but Meakins et a! (1923) could not corroborate this
observation when they studied artenial blood; available data indicate
that significant acidosis does not occur at rest in cardiac decompensa-
tion,

After exercise, the carben dioxide capacity of the blood (Schmitz
and Preston, 1927, Groag and Schwartz, 1927, Harns ef dl,, 1935)
and the pH (Denmg and Prodger, 1933, Eppinger ef al,, 1926;
Harris et al., 1935; Pilcher ef ol , 1930) usually fall abnormally in
cardiac patients, This shift toward acidosis has been correlated with
elevated hlood lactic acid levels by Harris, Jones and Aldred {1935).
Although the carbon dioxide content of arterial blood {Cullen et ql.,
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carbonate and chloride levels. The third group is a small one and
includes patients in whom there is probably an element of renal in-
sufficiency accounting for the loss of plasma base. The data of other
authors (Atchley e2 al., 1923; Gilligan et al,, 1934; Winkler and
Crankshaw, 1938) may be grouped in the same manner. Many
authors {page 195) have also observed that diuresis is often asso-
ciated with a lowering of plasma chloride and an elevation of bicar-
bonate concentration.
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also Jervell (1928) found in addition a marked increase in Jactic
acid output in the urine of such patients. A number of authors (Biel-
schowsky and Thaddea, 1932; 36) found an abnormally high level
of blood lactate and a prolonged curve of disappearance after the
injection of lactate in decompensated cases, with a good correlation
betwween these conditions and the degree of failure. In a general way
the resting blood lactate content and the level to which it rises
after exercise or injection of lactate are related to the severity
of e failure, alth exceptions are to be found.
Hallock (1939) found 2 good correlation between the blood lactate
level and seventy of dyspnea, However, Dennig e¢ al. (1931) re-
ported that the accumulation of 10 mulliequivalents of lactate com-
pletely prevents work by precipitatmg early exhaustion; lesser con-
centrations have a cor ding effect Accordingly, excessive rises
in lactate may possibly prevent the development of maximal dyspnea
by limiting muscular effort.

The fact that the abnormal lactate metabolism which occurs in
congestive failure resembles that seen in liver disease (Schumacher,
1928, Adler and Lange, 1927, Beckmann, 1929, Dresel and Himmel-
weit, 1930, Valentin, 1925) has led some authors to conclude that
both originate 1n liver damage However, Dresel and Himmelweit
(1929, 1930) observed that although the blood lactate levels, both
at rest and after exercise on a staircase, might be similar in patients
with cardiac and with hepatic diseases, yet the metabolism of lactate
in the peripheral tissues, as studted by means of dynamometer ex-
periments, is impaired in congestive failure but not in lver disease.
It appears, therefore, that the hepatic damage of congestive failure
plays only a contributory role 1 the lactic acidosis seen in that con-
dition. Tissue anoxia seems to be the most important factor in this
regard. Weiss and Ellis (1935) correlated the nise in blood lactate
with the fall in venous blood oxygen during exercise in some patients.
Inbalation of oxygen may lower elevated blood lactate in patients
with cardiac decompensation (Barach, 1931; Barach and Richards,
1931, Jervell, 1928); this phenomenon may be associated with
“storage” of oxygen (Jervell, 1928) Conversely, anoxia induced in
normal subjects by the breathing of air containing low concentrations
of oxygen may give nse to an increase in blood lactic acid content
atrest (Jervell, 1928; Bock et af, 1932, Friedemann e al,, 1945) or
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70), it must be concluded that tissue anovia exists in chronic conr
gestive failure, Similarly, the tissue carbon diovide tensions must be
at least as high as those which are {ound in the venous bloed, that
is, they are normal or high (page 77)
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during work (Asmussen and Chiodi, 1941; Dill ¢f a?, 1931; Lundin
and $trdm, 1g47; Teppenman and Tepperman, 1gs8). The blood
lactate curve found in normal subjects or decompensated cardiac
patients alter intravenous injection of lactate is lowered in both
groups by the simultaneous breathing of air enriched with oxygen
{Bielschowsky and Thaddea, 932}, Hewlett, Barnett, and Levds
§1926) and Asmussen and Nielsen (1946} found a lowered blood
lactate level and urine excretion when normal subjects exercised
while breathing air enriched with oxygen.

Although the evidence strongly favors tissue anoxia as the cause
of lactic acidosis in congestive faiture, it is not possible to rule out
thiamin deficiency as an additional factor i some instances. Studies
of pyruvate botism in cardiac fon are ¥
Bueding, Wortis and Stern (1942) found it normal in patients a
rest, while Taylor, Weiss and Wilkins (1937) and Yanoff (1942)
found the blood leve! elevated commonly, Goldsmith (x947, 1948}
also found it elevated in patients in cardiac failure and noted that the
Tactate-pyruvate ratio in these cases was similar to that in instances
of beriberi; the ratio retutned to normal when thiamin was given
Exercise in congestive failure causes an abnormally great and pro-
Jonged increase in blood pyruvate (Vanoff, 1043). The ohservation
of Wilkins, Weiss, and Taylor {1930) that the curve of blood pyru-
vate aiter intravenous injection of that material is normal in con-
gestive fathure may be due to thelr use of too small a dose. Elevation
of the blood pyruvate Yevels occurs less readily than does increase in
lactate in normal subjects made anovie (Friedemann ef af, 3945).
Elevation of the blood pyruvate level not only contributes to acidosis
but also may possibly impair muscular funetion {page 15%}

Bibliography
Chapter I — Section 15

Apier, A, and H Lance, Der Milchsauregehalt des Bhutes ber Leber-
krankheiten, Deutsches drch | Elm Med 157, 126 {1927) {34

Asmussen, B, and H Cruons, The effect of hypoxemia o veatilabion
and aircalation is man, 4m J. Physsol 132, 426 (1941)

Asaussex, E, and M Nizzsax, Studics on the regulation of respiration
1 heavy work, Acie Physiol Scandingy, 12, 171 (1946).



OXYGEN DEBT. COST OF WORK 91

Percer, H., Ueber die Resynthese der Milchsdure bei Kreislaufkranken,
Klin. Wehnsche. 6, 1324 (1927).

Riciarps, D, W, Jr, and A L. Baracn, Prolonged residence in hugh
ovygen atmospheres, Effects on normal individuals and on patients
with chronic cardiac and pulmonary insufficency, Quart. J. Med 3,
437 (1933} (34

Scnuatacuer, H, Das Verhalten der Blutmilchsiure ber Leberkranken,
Khin, Weknschr T, 1733 (1928). 34,36

Tavior, F H L, S Weiss, and R W. Wrknys, The bisulphite binding
powner of the blood in health and 1 disease, with special reference to
vitamin B, deficiency, J. Chn, Investigation 18, 833 (3937).

TepreryAYN, J and H M TeprErMAN, On the blood lactic acid response
to measured exercise in hypoxic human subjects, J Chn Investigation
27, 176 (1948).

Varentiy, F, Ueber den Milchsauregehalt des Blutes, Miincken tned.
Wehnschr 12, 86 (1925). 34

WErss, S, and L. B Ert1s, Oxygen ntilization and lactic acid production
in the extremities during rest and exercise, i subjects with normal
and in those with diseased cardiovascular systems, drch. Int Med
55, 663 (1935) [33,35

Witgrvs, R W, S WErss, and F H L, Tavior, The effect and rate of
removal of pyruvic acid admimstered to normal persons and to pa-
tients with and without “vitamin B deficiency,” dnn Int Med 12,
938 (1939)

Yaxore, Z A, Blood pyruvic acid in heart disease, Arck Int 3ed, 69,
1005 (1942)

Yanorr, Z A, Effect of exercise on blood pyruwic acid Observations on
traned and untrammed normal subjects and on patients with heart
disease and with bypertension, Arch Int Med 12, 239 (1943).

16. Oxygen Debt. Cost of Work

The relation of accumulation of lactic acid in the blood during
work to axygen debt after work is well established It is to be ex-
pected, therefore, that the ovygen debt in cardiac patients after
performance of a gven task would be abnormally large and pro-
longed; this has been shown in patients with various degrees of
failure (Nylin, 1933, 1037, 1938, 1939, Eppinger et af, 1925; 37).
Compensated cardiac patients take up normal amounts of oxygen
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gested by the findings of Jervell (1928}, Uhlenbruck (xg30), Knip-
ping e? al. (1932) and Jansen ef al. (1932), who found that patients
with cardiac d p jon took up at large amounts of
ovygen when exposed to high concentrations; in some instances this
effect is masked by a simultaneous decrease in oxygen consumption
associated with relief of dyspnea and hyperventilation. Although
this “storage” is in part consequent to the retention of oxygen in
saturating the undersaturated arterial blood often found in decom-
pensated cardiac patients, another factor may be the discharge of
accumulated oxygen debt. Thus, in cardiac patients with high blood
lactate levels during rest, the blood lactate falls after these patients
breathe air enriched with ovygen (page 87). In addition, the
fact that the process of “storage” lasts for approximately forty
minutes (Uhlenbruck, 1930) in cardiac patients also suggests an
effect other than the raising to normal of the level of arterial blood
oxygen saturation, for the latter requires only five or ten minutes.

The high cost of work and the smallness of the maximal otygen
debts that cardiac patients are capable of developing (Harrison and
Pilcher, tg30; Meakins and Long, 1927) seriously impaic ability to
do work in congestive failure, Factors limting the maximal oxygen
debt include muscular weakness and the early development of
dyspnea Tke latter is at least m part related to lactic acidosis,
whuch also has the effect of limiting work per se, according to Den-
nig ef el (1931), the presence of 10 milliequivalents of lactate in the
blood completely prevents exertion because of exhaustion
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during the performante of work (AR ef ok, 1930; Bowen and Car:
mer, 1926, Heebst, 19286; Zaeper ¢¢ ol, 193p), whereas with
patients in failure the intake of otygen during exertion is law, de
pending on the severity of the condition (Herbst, 1928b; Harrison
and Pilcher, 1930; 38). Carbon dioxide output may be low also
(Campbell, 1934; Campbell and Sale, 1927} The size and duration
of the oxygen debt after work is to some extent consequent to the
deficit in otygen ntake during work. Ths is related to failure of
she cardiac output to icrease narmally during exertion in cardiac
patients (page 8) and also to impaired pulmonary function It i
to be noted in regard to the latter that in normal subjects the appli-
cation of a sustable chest binder lowers vatal capacity (Altschule ¢f
ol , 1943, Herbst, 19282; Jacobaeus et dl., 1935), may decrease tidal
air volume (Sturgis e2 al, 1922), mcreases respiratory rate and
minute volume at rest and in exertion (Altschule ef al., 1943, Herbst,
1928, Stusgis ef ol.,, 1922), and also results sn a decreased intake of
oxygen during work (Herbst, 1928¢) and an abnormally lasrge debt
afterwards (Jacobaeus ef af , 1933).
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changes just ioned, it is prok of dary smportance in
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seny 1946).
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Ellis, 1933) a high degree of correlation between the presence of
edema and a decrease in plasma protein level does not exist. Smirk
(1936) showed that edema does not occur in noncardiac patients
in whom are found plasma protein levels as low as those that occur
in edematous cardiac patients,

Ellis (1933) has contributed an excellent analysis of the patho-
genesis of the changes in plasma protein, from which the present
discussion deviates only slightly Payne and Peters (1932), EMis
(1033) and Thomson (1934) stressed malnutrition as the principal
cause of the observed diminution in plasma total protein and albumin
levels, and the data of Proger and Magendantz (1936) show a fall
of 50 per cent in plasma albumin in a cardiac patient 1n whom there
was restriction of intake of food over a sixty-day period; the glob-
ulin rose in these experiments. Conversely, Ellis (1933) demon-
strated the beneficial effects of a high protein intake, Several authors
(Iversen and Nakazawa, 1927, Ellis, 1933, Ehrstrdm, 1936) regard
the marked albuminuria frequently seen m severe cardiac decom-
pensation as an important contributory cause. Loss of protemn as a
consequence of repeated paracentesis may also be a factor (Ells,
1933), for large amounts of protein are found in thoracic and abdom-
inal fluids m congestive failute (page 1oz). The development of
edema itself Jowers the plasma protein level, either as a consequence
of dilution of the blood ar because protein is lost into edema fuids,
or both Thus salt retention causes lowering of plasma protein levels
(Iversen and Nakazawa, 1927, Lyons et al, 1044, 1045) in both
normal subjects and cardiac patients That some protein does pass
into tissue fluid when the venous pressure is elevated has been shown
by Senator (1888) and Landis et of. (1932). Increased protein
catabolism caused by acidosis may also be a factor in patients receiv-
ing large amounts of ammonwum chloride (page 194)-

Loss of edema is commonly associated with a rise in plasma pro-
tein concentration or oncotic pressure (42, Calvin et al., 1940;
Payne and Peters, 1932), although this finding is far from constant.
Calvin, Decherd, and Hertmann (1940) and Seymour e¢ al. (1042)
stressed the fact that although plasma protein concentration rises,
the total circulating plasma protein decreases in recovery from fail-
ure; this phenomenon suggests storage of protein,
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17. Plasma Protesn and Oneotie Pressure

Lowering of the plasma protem level in patients with cardiac de-
compensation has been recogmzed for over a half a century (40;
Payne and Peters, 1932, Elbs, 1933) On the other hand, a few
authors have reporfed normat values for plasma protein in thelr
patients (Moore and Stewart, 1930, Kylin, 1933, Hand, 1934).
Stewart (1941) and Moore ang Stewart (1930} described the plasma
specific gravity as normal also, Ds Palma and Kendall (1944}, how-
ever, found the specific gravity low Kylin (1931), who found the
plasma proten level normal, reported low values for colloid oncotic
pressure, which suggests some error in his techniques It must be
concluded that lowering of plasma protein level is of common occur-
rence in chroute cardiac decompensation

As pomted out by Payne and Peters (1932), Thomson {x934),
Luetscher (1941}, and Herrmann (3946}, the plasma albumin is
mare likely to be so affected than the globulin The globulin levels
are more vamable and may often be elevated, according ta these
authors and also to Rowe (z9r7). As is to be expected, the plasma
colloid oncotic pressuse is often low (41; Smisk, ro36); marked
differences between arterial and venous bloods reported by some
authors (Barath and Elias, 1g30; Kylin, 1931) are difficult fo
accept In a general way, low plasma protein levels or dimimished
plasma oncotic pressures are assaciated with the presence of edema,
but in large series of patients (Cope, 1928; Payne and Peters, 1932;
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18. Extracellular Fluid Volume. Edema Fluid

Extracellular fluid volume. — Cardiac patients with edema have
increased volume of fluid 1n the extracellular tissue spaces and in
many cases in the serous cavities as well This abnormally increased
volume of fluid may be enormous; the loss of fifty pounds-—a third
or a quarter of the body weight — durnng a diuresis is not uncommon
in sesverely ed patients M of extracellular fluid
volume by means of radioactive sodium (Kaltreider ez dl, 1941),
bromide ion (Brodie et ¢!, 1939) or thiocyanate (Gilligan and Alt-
schule, 1939; Molenaar and Roller, 1939; Kaltreider et al., 19413
Seymour et al., 1942; Fowell ef al., 1948) have been made in patients
with heart disease; extracellular fluid volume may equal one-half
to two-thitds of the body weight, as compared to the normal of a
fifth or a quarter. Gilligan and Altschule (x939) found that such
measurements were subject to error in the presence of marked gen-
eralized edema or single large accumulations of fluid in 2 body
cavity, unless sufficient time were allowed for equilibration of in-
jected thiocyanate, In addition, the colloid content of the transudate
apparently influences the distribution of thiocyanate, so that the
presence of transudates of relatively high protein content, such as
peritoneal and pleural effusions, makes the precise measurement of
extracellular fluid volume mmpossible

The most recent work (Kaltreider e? a?, 1041) suggests that thio-
Cyanate combines with blood lipids These measurements are, how-
ever, accurate when such large effusions are absent, Molenaar and
Roller (1939) found the extracellular fuid increased in some cardiac
patlents even in the absence of overt signs of failure; after recovery
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Gm. per hundred cubic centimeters After these patients lost their
edema, these authors placed tourniquets at a pressure of 40 cm-of-
water about their limbs and obtained fluids contamning 04 to 0.9
Gm.; they concluded that the fact that edema fluid from sick car-
diac patients contained no more protein than that obtained from
such patients after recovery indicated that no increase in capillary
permeabihity occurred in cardiac decompensation. However, tourni-
quets at that pressure slow the blood flow (Friedland, Hunt and
Wilkins, 1941), and there is no way of estimating the direction or
the amount of dfference in flow in the extremties of their cardiac
patients when sick without tourniquets and when “recovered” with
them 1n place; studies of venous blood oxygen would have been
helpful. Senator (1888) recorded the interesting observation that
putting a tourniquet about the limb of a cardiac patient with edema
may raise the protein content of the edema fluid by as much as 40
per cent More recently, Landis e al (1932) published data in sup-
port of this finding in normal subjects, estimating an edema fluid
protein level of o 3 at tourmquet pressures up to 6o mm-of-mercury
and of 1§ at 80 mm-of-mercury. It is not possible, therefore, to
evaluate the sigmificance of the findings of Stead and Warren (1944)
or to accept therr conclusions,

Pleural fluids (44, Luetscher, 1941) and asatic fluids (45; Luet-
scher, 1941) 1n cardiac patients contain appreciably larger amounts
of protein than are to be found in subcutaneous edema fluids Pleural
fluids usually contain 1.0 to 30 Gm per hundred cubic centimeters
and abdominal fluids from r o to as much as 5.0 Gm The reason
for these variations in protein content in flurds derived from various
parts of the body is not apparent Luetscher (1941) made a system-
atic study of the protein in pleural and abdominal fluids and found
that such fluids taken from cardiac patients contained more protein
than those removed from patients with reral disease or cirrhosis of
the liver. Fluids obtained from cardiac patients also contained rela-
tively more albumin and less globulin than either the plasma of the
same patients or the fluids of patients with renal disease or cirrhosis.
The sigmificance of these dfferences is not clear, but it is to be noted
that the deviations in the ratio of albumin to globulin in transudates
in congestive failure resemble those seen in tovic edema due to in-
creased capillary permeability (Chanutin ef ol 1947).
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from severe congestive failure with edema the volume of extra-
celtular fluid 15 still increased, often by half its normal volume (Alt-
schule, 1937, Seymour ef ol , 1942) The body may actually harbor
six or seven liters of edema fluid when the patient is considered to
be free of edema or is even declared to be “cured of right heart
failure.”

lonic constitution of edemn fluid.— That cardiac edema is an
uitrafiltrate derived from plasma appears to be established {Loeb
et ol x922; Hastings et af, 1925; Gilligan et of., 19342,8; Folk
et al,, 1948). The fact that the fonic constitutions of plasma and of
edema fluid are not identical is related to the differences in colloid
content and is explicable on the basis of the Donnan equilibrium;
edema fluid contains significantly more chloride than plasma, and
changes tn other electrolyte ratios have also been found. There seems
to be no need to invoke vitalistic phenomena to explain edema forma-
tion in chromic congestive famlure Changing the fonic constitution of
blood plasma by giving bicarbonate or ammomium chloride or by
diuresis causes corresponding changes i edema fluid (Gilligan ef
al., 19342)

Protein content. —Many authors have studied the protein con-
tent of subcutaneous edema fluid by the use of a variety of methods
{43, Bramkamp, 1935). The reported values obtained by acceptable
methods have usually been less than 06 Gm. per hundred cublc
centimeters, although occasional levels of 1.0 Gm per cent or more
have been described Bramkamp (r935) found little or no globulin
in subcutaneous edema fluid drawn from patients with chromie cardiac
decompensation  The fact that cardiac subcutoneous edema fuid
contains more protein than the edema fluid of patients with renal
disease (Beckmann, 1g2z; Falta and Quittner, rgry; Fodor and
Fischer, 1922, Hoffman, 1889; Kerkhof, rg37; Vancura, rg3r) or
malnutsition (Falta and Quittner, 1917} has been recorded and sug-
gests an increase in capillary permeability in congestive failure How-
ever, Vancura (ro31) found the ratio between plasma and edema
fluid protein the same in cardiac and renal disease On the other hand,
Bramkamp (1035) found no relation between plasma and edema fuid
protein in cardiacs. Stead and Warren (1944) obtained fluids from
the subcutaneous tissues of the edematous extremities of cardiac
patients and found their protein content to le between 0.1 and 0.5
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The joints in edematous extremities of cardiac patients contain
mich wore fuid than normal {Coggeshall e al, 1041}, but the
mucin, protein, and total solid concentrations are all lower.

All types of edema fluids frequently show elevation of protein
concentration during and after diuresis {Beckmann, xgz1; Claussen,
1932; Gilligan ef o, 1033, 1934¢; Iversen and Johansen, 1920);
the finding of Stead and Warren (rg44} that the edema fluid pro-
tein does not change under these circumstances is discordant, The
accurrence of such changes makes the use of data on tisue fuid
content difficult to nterpret in relation to variations in capillary
permeability,

A finding of unknown significance is that the cholinesterase content
of edema fluid varies with that of the plasma and also with the
amount of protein in the blood (Grob ef af, 1947).

Lipid contents — The cholesterol, total lipid and fatty acid con-
centrations of transudates vary with the protein content of these
fluids and not with the plasma concentrations of any of them {Mas
and Peters, 1923).
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decompensation is not known Judging by the reported changes in
plasma protein level (page 97), some dilution of the bloed plasma
may occur in patients with edema consequent to heart disease, but
the cause of the ph is also unk Salt jon is a
possible factor, for increasing salt intake in normal subjects or in
carduac patients dilutes the blood (Iversen and Nakazawa, 1927;
Lyons et al, 1945b) and increases the blood volume (Krauel, 19413
Lyons et al.,, 1944, 1945¢, b; Warren and Stead, 1944; Grant and
Reischman, 1g46) However, dilution, if it occurs, would not explain
the increase in circulating red cell mass which also has been noted
The lized on d by the large number of
dilated capillaries visible 1n the s‘km of decompensated patients, is
probably also related to the abnormally large blood volume. How-
ever, whether generalized capillary dilatation results in an increased
blood volume, or vice versa, cannot be stated with certainty. Anoxia
may also be responsible for the increased blood volume, much as in
dwellers at high altitudes (Douglas, rg10, Hurtado, 1932, Hurtado
¢t al.,, 1945, Laquer, 1924; Lippman, 1926, Smith et al., 1925) or
patients with severe pulmonary disease (page 303) However, these
persons usually exhibit a considerable ncrease in hematocrit and
circulating red cell mass which accounts for most or all of therr
increased blood volumes.

It 15 possible also that the increased blood volume of cardiac
decompensation represents in part an attempt to compensate for a
low cardiac output It is obvious that if the flow of blood through
2 unit volume of tissue 15 low, anowa will result This can, to some
extent, be obviated 1f 2 larger volume of blood is kept in contact
with the unit volume of tissue for a longer period of time. It is 1n-
teresting in this ¢ ion that the jons of surgical shock
may occasionally be ohserved to develop in patients who enter the
hospital with severe congestive failure, 1f they are treated by means
of too enthusiastic diuretic therapy.

Still another factor has been emphasized by Landis ¢f af (1946)
in a most convincing way These authors showed in animals that the
normal decrease in plasma volume which occurs durmg exertion is
exceeded greatly il lly high and it of
venous pressure occur in exercise when the heart is incompetent.
An increase in blood volume, participated 1n both by plasma and by
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After recovery from congestive failure, following digitalis or other
forms of therapy, a decrease in blood volume oceurs according to
most authors (48; Gibson and Evans, 1937, Meneely and Kaltreider,
1943; Seymour et of , 1942), while others (49) report variable
changes The latter results were, hawever, obtained by the use of
wmaccusate methods. Gibson and Evans (1937) studied a Jarge group
of patients and found a high degree of correlation between the
severity of the signs and symptoms of congestive failure and the
increase 1 blood volume. In recovery from congestive faflure, the
blood volume decrezses toward but only rarely attains normal
values. Gibson and Evans (1937}, Brandt (1g31), Perera (1945}
and Woltheim (1931) found 2 parallelism between changes in blood
volume and venous p n indevidual cases; the § d blood
volume was not responsible, however, for more than a small part of
the venous pressure rise, since diuresis caused marked decreases in
blood volume and only small changes in venous pressure, In addi-
tion, Meneely and Kaltzeider (zg43) failed to find this parallelism
in all stages of failure,

The question whether or not exercise in cardiac decompensation
might force blood from the circulation into the hypothetical blood
depots, or the other way, has been studied by a number of authors
(Ewig and Hinsberg, 1931, Kaltreider and Meneely, 1940; Levin,
1935; Wollhelm, 1931). The best work in this regard 1s that of
Kaltreider and Meneely (r940), who found a shight decrease in
blood volume in decompensated patients during exercise, much as in
normal subjects, in contradiction to the results of Ewig and Hinsberg
{rg3r). Changes in blood volume in various positions have been
studied by a number of authors in normal subjects. Normal inds-
viduals show h and ds d plasma volume after
standing still for some minutes (Asmussen ef al, 1p40; Youmans
et al, 1934, Watetfield, rg31, Thompson ef al, 1928). Changes
in cardiac patients have not been studied adequately; the data
of de Flora and Ciravegna (193z) are not satisfactory Neverthe-
less, it is almost certain that still-standing, or lying in an in-
chned position with feet down, probably causes a small decrease
in blood volume, of unknown duration, in patients with congestive

failure,
‘The reason for the increases in blood volume in chronic eardiac
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known that venous blood is mere fragile than arterial (Creed, 1938;
Whitby and Hynes, 1935) and in cardiac decompensation the blood
is more venous than normal in one respect, namely, its oxygen con-
tent. Exposure to high oxygen tensions in vitro decreases erythrocyte
fragility (Butler, 1912; Creed, 1938; Dacie and Vaughan, 1938),
and Booth (1941) demonstrated in dogs that the breathing of air
low in oxygen content increased erythrocyte fragility. However,
Whitby and Hynes (1935) concluded that the increased fragility of
normal venous blood was related to its increased carbon dioxide
content., Other observers showed that lacally induced stasis in ani-
mals (Ham and Castle, 1940, Tsai ef al., 1940) or in man (Waller,
1939) resulted in an increase in erythrocyte fragilty; oxygen lack
or carbon dioxide excess appear to have been ruled out, however, as
causes of this phenomenon (Waller, 1939; Tsai et i, 1940). The
observation of Francescon (1936) that cells which show increased
resistance to hemolysis 1n dilute salt solution are also present in the
hlood in congestive failure is of interest in relation to the reported
occurrence of target cells in this disorder (Valentine and Neel,
1944).

Changes in blood viscosity might be expected to occur when the
number of red blood cells per cubic milimeter is increased, Bence
(1g05) thought that retention of carbon dioxide caused the changes
in viscosity but showed that inhalation of oxygen by cyanotic patients
lowered the viscosity of the blood. Extensive studies on the blood
viscosity in congestive faillure have been made by Albers (1937),
Markson (1936) and Rogen (1940). The results of Albers (1937)
are probably inaccurate, for he described an increase 1n viscosity but
also found the plasma protein level elevated in congestive failure,
The data of Markson (1936) and of Rogen (1940} are not pre-
sented in sufficient detail for analysis, but it appears that both
observed normal or low values in edematous patients, while patients
with marked cyanosis, especially with severe pulmonary disease and
polycythemia, usually showed increased viscosity of the hlood. Oxy-
gen in such instances might very well reduce the viscosity, as Bence
(1g05) found.

Altana and Pulino (1947) have discussed the blood leucocytes in
congestive failure,
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erythracytes, is 2 compensatory change that protects the body
against the effects of a fall in blood volume to very low levels.

The increase in cardiac residual blood claimed by Nylin is dis-
cussed elsewhere (page 20).

The red blood cell count and hemoglobin percentage show no
consistent change in cardiac decompensation, in most justances nor-
mal values are observed. The individual cell size is also within the
normal range (Price-Joues, 1921). Patients in severe congestive
failure with marked cyanosis, especially those with severe pulmonary
disease (Richards, 1945}, may show an elevation of the red blood
cell count and hemoglobin percentage However, as pointed out
above, the total curculating red cell mass is always increased in
cardiac decompensation, even in the absence of abnormally bigh
erythrocyte counts and hemoglobin levels, During recovery 2 {ransi-
tory rise in hematocrit may be noted (50; Gibson and Evans, 1937)
since the plasma volume decreases more rapidly than the red cell
volume,

Ott (1939) examined the sternal marrow in patients with con-
gestive failure and found hyperplasia of the red cell forming elements,
with a return to normal after recovery. Ebrstrom (1936) and Waller
&t of (1940) studied the changes in the blood during the various
stages of congestive faiture and found reticulocytosis with decom-
pensation, and the expected evidences of blood destruction during
recovery. The latter consisted in the finding of increased urobilino-
gen excretion in the stool, an observation recorded by others as well
(Adler and Sachs, 1923, Francescon, 1036; Weiss, 1930). Eppinger
and Walzel (1926) found an increase m bile pigment in the duodenum.
The increase in urine wrobili Isewhere (page 129)
may also be due in part to increased blood destruction However,
Localio e al. {194x) and Watson (1937) found no increase in bile
pigment excretion such as might indicate blood destruction, their
patients may have been studied when in 2 steady state.

The fragility of the erythrocytes to hypotonic saline solution is
increased 1n cyanotie or decompensated cardiac patients {Francescor,
1936; Greenthal and O’Donnell, rgzx; Waller ef af, 1940}, but
why this increased tendency toward hemolysis doss net become
markedly active until recovery begins fs not clear. The cause of the
fncreased fragility is likewise not established, although it is well
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known that venous blood is more fragile than arterial (Creed, 1938;
Whitby and Hynes, 1935) and in cardiac decompensation the blood
is more venous than normal in one respect, namely, its oxygen ¢on-
tent, Exposure to high oxygen tensions in vitro decreases erythrocyte
fragility (Butler, 1gt2; Creed, 1938; Dacie and Vaughar, 1938),
and Booth (1941) demonstrated in dogs that the breathing of air
low in oxygen content increased erythrocyte fragility, However,
Whitby and Hynes (3935) concluded that the increased fragility of
normal venous blood was related to s increased carhon diovide
content. Other observers showed that locally nduced stasis in ani-
mals (Ham and Castle, 1940; Tsai et al,, 1940) or in man (Waller,
1939) resulted m an increase in erythrocyte fragility, ovygen lack
or carbon dioxide excess appear to have been ruled out, however, as
causes of this phenomenon (Waller, 1939, Tsai et @, 1930) The
observation of Francescon (1936) that cells which show ncreased
resistance to hemolysis in dilute salt solution are also present 1 the
blood in congestive fmlure is of interest in relation to the reported
occurrence of target cells in this disorder (Valentine and Neel,
1944).

Changes in blood vistosity might be expected to occur when the
number of red blood cells per cubic millimeter is increased. Rence
(1905) thought that retention of carbon dioxide caused the changes
in viscosity but showed that inhalation of oxygen by cyanotic patients
lowered the viscosity of the blood. Extensive studies on the blood
Viscosity in congestive failure have been made by Albers (r937),
Markson (1936) and Rogen (1g40) The results of Albers (1937)
are probably inaccurate, for he described an increase in viscosity but
also found the plasma protein level elevated in congestive failure.
The data of Markson (1936) and of Rogen (1940) are not pre-
sented in sufficient detail for analysis, but it appears that both
observed normal or low values in edematous Ppatients, while patients
with marked cyanosis, especially with severe pulmonary disease and
POlyfythemia, usually showed increased viscasity of the blood. Oxy-
&en in such instances might very well reduce the viscosity, as Bence
(1905) found,

Altana and Pulino (1947) have discussed the blood leucocytes in
congestive failure,
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erythrocytes, is a compensatory change that protects the body
against the effects of a fall in blood volume to very low levels,

The increase in cardiac residual bleod claimed by Nylin is dis
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Ott {1939) examined the sternal marrow in patients with con-
gestive fasluse and found hyperplasia of the red cell forming elements,
with a return to normal after recovery Ehrstrom (1936) and Waller
et ol. (1940) studied the changes in the blood during the various
stages of congestive faiture and found reticulocytosis with decom-
pensation, and the expected evidences of blood destruction during
recovery. The latter consisted in the finding of increased urobilino-
gen excretion in the stool, an observation recorded by others as well
(Adler and Sachs, 1923; Francescon, 1936, Weiss, 1930). Eppinger
and Walzel (1026) found an increase in bile pigment in the duodenum.
The increase in urine urobilinogen discussed elsesvhere {page 129)
may 2also be due in part to increased blood destruction. However,
Localio ef al, {(xg941) and Watson (1937) found no increase in bile
pigment excretion such as might indicate blood destruction; their
patients may have been studied when in a steady state.

The fragility of the erythrocytes to hypotonic saline solution is
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1936, Greenthal and O’Donnell, rgzr; Waller e al, 1930}, but
why this i d tend toward hemolysis does not become
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known that venous blood is more fragile than arterial (Creed, 1938,
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blaod in congestive failure is of interest in refation to the reported
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1944).
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(1905) thought that retention of carbon dioxide caused the changes
in viscosity but showed that mhalation of oxygen by cyanotic patients
lowered the viscosity of the blood. Extensive studies on the blood
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Markson (1936) and Rogen (1940) The results of Albers (1937)
are probably iaccurate, for he described an mcrease in viscosity but
also found the plasma protein level elevated in congestive failure,
The data of Markson (1936) and of Rogen (1940) are not pre-
sented 1 sufficient detail for analysis, but it appears that both
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with matked cyanosis, especially with severe pulmonary disease and
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20. Renal Function

Striking changes in renal physiology are of frequent occurrence in
congestive failure, although at postmortem examination not much
more than congestion and edema of the kidney are to be found.

The renal blood flow, first measured by means of inulin clearance,
is decreased in congestive failure (Seymour et af, 1944, Mokotofi,
Ross and Leiter, 1948; Fowell e gl,, 1948); similar findings have
recently been noted in measurements of arteriovenous oxygen differ-
ence estimated from samples of blood obtained by catheterization of
the renal vemn via the antecubital vein (Warren et al., 1944; Merrill,
1946). The renal blood flow 1s decreased to a far greater extent than
the cardiac output 1n patients with congestive failure (Merrill, 1946);
apparently vasocopstriction must also occur. The vasoconstriction is
not relaxed by spinal anesthesta (Mokotoff and Ross, 1948). It is,
therefore, not surprising that low values for urea clearance have been
found 1n patients with congestive failure (Porge, 1939, Seymour et al.,
1944), these values return to or toward normal with improvement, as
shown by these authors and also by Stewart and McIntosh (1928).
The decreases in urea clearance noted are not 1n themselves sufficiently
marked to cause nitrogen retention, but they must play a contributory
role. Filtration is decreased but reabsorption is in normal proportion
{Merrill, 1946, Mokotoff, Ross and Lester, 1948). The filtration
fraction is increased (Mokotoff, Ross and Leiter, 1948). Durng
exercise 1n patients with compensated heart disease filtration may
fall to a level found to be consistent with salt retention (Merrill and
Cargill, 1947, 1948).

The nitrogen retention that occurs in severe congestive failure is
well known. In addition to the above-noted lowered urea clearance,
other causative factors must exist. One such factor is ohguria itself.
Renal stasis, caused by venous chstruction, was shown by Rowntree,
Fitz and Geraghty (1913) and by Winton (1931) to cause a decrease
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(Burch and Reaser, 1947, Mokotoff and Ross, 1947); it can be
produced in dogs by partially ligating the renal veins, even though
the obstruction may not be severe enough to cause oliguria (Rowntree,
Fitz and Geraghty, 1913). This is discussed more fully elsewhere
(page 123).

Another consequence of renal stasis is a reduction in phenolsul.
fonphthalein excretion, This occurs in patients with congestive failure
(Agnew, 1914; Frothingham and Smullie, 1914, Rowntree et al,,
1912, 1913, 1915) and can be induced in dogs by obstructing the
renal veing (Rowntree, Fitz and Geraghty, 1913).

Albuminuria 15 almost a constant finding in moderate or severe
cardiac failure Nearly three-quarters of a century agoe a number of
authors, including Posner (1880), showed that albuminuria could be
produced by obstructing renal blood flow. Posner (1880) and Tele-
mann (1910) were among the early workers who showed that such
albuminuria was caused by the escape of albumin into the glomerular
capsules, Less complete stasis, such as that caused by constricting
the renal vein so as to raise the venous pressure, has also been shown
to cause albuminuria (Rowntree, Fitz and Geraghty, 1913, Winton,
1031) Clnically, however, albuminuria occurs yn many decom-
pensated cardiac patients in whom the venous pressure is within
normal limits, the blood flow may be greatly decreased m such in-
stances (Merrill, 1946) The albuminuria of congestive failure is
usually of moderate degree, although at times it may approach in
quantity that observed in renal disease, Brummer (1946) claimed that
proteinuria increased with effort in cardiac patients but not in normal
subjects, his conclusion is not supported with regulanity by his data
or by what is known of the physiology of exercise

Stewart and Moore (1930) investigated the formed elements in the
urine in congestive failure and observed a rough parallelism between
the number of casts and leucocytes and the clinical condition in a
group of patients; erythrocytes tended to persist in abnormal num-
bers even after recovery from severe cardic failure, Rowntree, Fitz,
and Geraghty (1913) in their experiments on obstruction of the renal
vein in animals showed that the number of formed elements in the
urine corresponded fairly well with the degree of renal congestion,
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in the volume of urine formed. Whether or not tissue anoxia secondary
to stasis is the effective cause of the oliguria has not been estabished
A simifar oliguria has been described in animals breathing air con-
taining low volumes of oxygen (Van Liere et al, 1935; Toth, 1937;
Schnedorf and Orr, 1941); in rats, however, polyuria was the response
to anoxia (Silvette, 1g43). Tt is difficult to evaluate the importance of
these studies of the effects of anoxic anoxia, since marked blood
chemical changes also occur. The formation in chromic congestive
failure of antidiuretic substances, which has been demonstrated i
acute nephritis and eclampsia, and which would act to cause oliguris,
has not been established, but the possibility must be considered. Itis
to be noted in this connection that the urine in uncomplicated con-
gestive failure before treatment has a high specific gravity, as observed
many years ago by Rowntree and Fitz (1913).

Whatever the cause of the reduced urine volume in cardiac decom-
pensation, 1t must, when marked, lead to nitrogen retention. Chﬁle‘)v
(1937, 19388, &) has shown that in normal individuals the urincl_s
maximally concentrated with regard to total solids, urea, fotal n-
trogen and creatinine when the volume reaches levels as low as 500
to 750 cc per day, decreases in volume below that range result in 1o
further increase in concentration. The importance of oliguria in the
genesis of mtrogen retention is demonstrated by the effects of mer-
curial diuresis. The injection of mercurial diuretics causes no incres¢
m renal blood flow (page 108), but does greatly increase uriné
volume, the diuresis usually results in the return to normal of pre-
viously elevated blood nonprotein nitrogen levels. The mtrogen retes-
tion 1n congestive faure may occasionally give rise to levels of 6‘0
to 80 mg. per hundred cubic centimeters of nonprotein nitrogen 10
the blood; blood creatinine levels may also be elevated occasionally
(Popper et al., 1937; Gavrila et al, 1929; Messina, 1936). Ttis
important to note that these findings must not be considered contra-
indications to the use of mercurial diuretics, the elevated blood nor-
protein nitrogen levels of licated cardiac dec tion are
only infrequently severe and are always transitory, disappearing with
treatment. .

Retention of salt occurs in congestive failure (page 122) and this
probably related to renal congestion, for it has been correlated with
veduction in renal blood flow and reduced sodium clearance in man
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patients; Warren and Stead (1944) also demonstrated an increase in
plasma volume, and hemodilution 15 also known to occur {Iversen
and Nakazawa, 1g27). However, Proger e# al. (1942) also showed
that the increase in respiratory minute volume and oxygen consump-
tion, the elevation of venous and arterial pressures, the slowing of
the circulation time and the reduction in vital capacity that result
are prevented if the patient is digitalized, Moreover, the work of
Warren and Stead (1944) is to be criticized because in the patients
studied by these authors the regular injection of diuretics was stopped
at the same time as the giving of large amounts of sodum chloride
was begun.

The reason for the abnormal retention of salt is not clear. One
explanation for the salt retention 15 that “prerenal deviation” of
water leads to salt retention also, that is, salt is retained because
edema fluid is being formed However, many authors have shown
that the volume of water taken by the patient does not influence the
accumulation of flmd (Barker, 1932, Proger et al., 1942; Schroeder,
1941; Wolf et al, 1947; Leevy et al., 1946) This 1s sometimes seen
very strikingly in the case of edematous cardiac patients given urea;
they extubit a marked diures:s 1 spite of increased intake, occa-
sionally reaching ten liters a day, occasioned by the severe thurst that
the ingestion of large amounts of urea may cause Moreover, the fact
that changing the remal function, by the imjection of a mercursal
diuretic, for instance, leads to the excretion of the retained sodium
chloride, suggests that the kidney is at fault More than thirty years
ago, Rowntree, Fitz and Geraghty (1913) induced partial renal stasis
by means of ties on the renal veins i dogs and demonstrated reten-
tion of sodium chloride and also sodium todide. It seems reasonable
1o conclude that stasis so changes renal function as to impair the
excretion of the sedium  Available evidence indicates that a reduc-
tion in renal blood flow is the rule in patients with congestive failure
(page 117). Renal clearance of sodium is low (Burch and Reaser,
1947; Mokotoff, Ross and Leiter, 1948, Farnsworth, 1948; Fowell
et al, 1948); filtration is diminished but reabsorption is in normal
proportion (Merntl, 1946; Mokotoff, Ross and Leiter, 1948). Addi-
tional evidence of derangement of the function of the kidneys is
afforded by the ohservation that when the plasma chloride levels fall
in cardiac patients, the excretion of chloride fon contimues (Winkler
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Hed 33, 419 (1935).
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21. Sodium Chloride and Water Metabolism

Clinicians have long believed that edema formation parallels salt
intake in patients with congestive heart failure. Even normal ind-
viduals gain weight when given excessive amounts of sodium chloride
{Kraue), 1942; Lyons, Jacobson and Avery, 1044); they lose weight
when salt jntake is restricted (Krauel, 1941). These changes in
weight are consequent to corresponding changes in the volume of
extracellular fluid (Grant and Reichsman, 1946), although the
plasma volume shows smaller paraflel vanations (Krauel, 19413
Lyons et al, 1044, 1945, Warren and Stead, 1944; Grant and
Reich 1946). 1 d salt intake app: ly causes hemodilu-
tion also (Lyons et al, 1044, 1045; Warren and Stead, 1944). The
venous pressure may tise slightly (Lyons et of, 1945; Watren and
Stead, 1944, Grant and Reichsman, 1946) but the cardiac output
does not change, according to Lyons et al. (1943).

Achard and Loeper (19o1) and Rowntree and Fitz (rgr3) many
years ago showed that edematous cardwc patients retain salt, and
McLean {1gt5) also recognized the fact that the excretion of salt Is
such patients might be low relative to their blood levels. Recent
studies by Futcher and Schroeder (1942} by Burch and Reaser
(1947) by Threefoot et al. (1947, and by Burch et al. {1047}, have
confirmed these observations, Burch ef al. (1947) have shawn that
the diffusion of sodium across the capillary walls is more rapid thatt
normal in edema, the overall turnover in plasma being more rapid
also while that in the greatly increased volume of interstitia) fuid is
slower. Schroeder (1941), Proger ef al. (1942), Schemm (1942, 1944},
Varren and Stead {1944) and Wolf ef al. (1947) have shown E?W
an increased salt intake alane gives rise to edema formation in cardiac
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salt depletion and low plasma chloride concentrations inhibit the
action of dwretics, and administration of sodium chloride enhances
their action (page 197), it may at times be preferable to avoid unduly
severe dietary salt restriction. The difficulties involved in preparing
the Jow salt diet recommended by some authors, the extremely un-
palatable character of the food it offers to anorectic cardiac patients,
the facts that the low salt diet is also low in animal protein, that
cardiac patients on a low salt regimen excrete less salt than is normal
under the circumstances, that many of the effects of salt intake are
obviated by digitalization (Proger e al, 1942) and that too rigid
restriction of sodium chloride intake inhibits the action of diuretics,
all suggest that the avoidance of such severe restriction of salt intake
over extended periods of time might be wise

As has been pomted out above, severe restriction of water may be
harmful, There is no evidence, however, that forcing of fluids is
beneficial in congestive fatlure (Wolf et al., 1947), 1 this condition
the diretic action of water 15 lost, for reasons which are not estab-
lished (Fremont-Smith e¢ ¢!, 1930; Crutchfield et e, 1948) and
indeed excessive intake of fluid may possibly depress sodwum excre-
tion in congestive failure.
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The Takata-Ara test may also give an abnormal result, according to
Chavez ef al. (19434, b). The levulose tolerance is occasionally im-
paired in congestive failure (Jolliffe, 1930; King, 1927), the result
of the galactose tolerance test is often abnormal (Adler and Lange,
1927; Chavez et al., 19430, b; Robertson et al., 1932; Routier e al.,
1935; Colcher ef al , 1946), but may also be abnormal in the absence
of frank decompensation (Chavez e¢ al, 1943¢, &) The serum al-
kaline phosphatase level is often elevated in cardizc decompensation
(Gutman et al., 1940). Routier e ol (1935) detected bile saits in
the blood in patients with failure of recent onset. D'Ardois {1942)
found the blood citrate level to be elevated in chronic but not acute
failure, and Loeper et al. (1934) and Scagliom (r935) described in-
creased amounts of oxalate in the blood in cardiac decompensation;
the significance of these observations is obscure, but they probably
indicate a disturbance of carbohydrate metabolism The abnormal
result of the hippuric acid test noted in congestive failure (Adlersberg
and Minibeck, 1936; Lindboom, 1939) may be consequent to faulty
absorption of the test matenal, according to the former authors.
Blood diastase is abnormally low 1n cardiac decompensation (Grey
et al., 1941).

The abnormal porphynnuria that may occur in congestive failure
(Thiel and Kammerer, 1933, Dobriner, 1936, Dobriner and Rhoads,
1940; Kaumtz, 1938) is probably also a mamfestation of 1mpaired
liver function, its cccurrence is not universally reported 1n congestive
failure, however (Localio e? al, 1941).

Disturbances of urobilinogen excretion have also been noted In-
creased urobilinogen content in the urmne is described either as such
(53; Chavez et al., 1943a,b; Waller ef al, 1940) or by implication
1n the form of an elevated urire to stool ratio (Adler and Sachs, 1923,
Locaho et al, 1947). Robertson et af (1932) found 1t normal, how-
ever Although this ph may be infl d by the ab
blood destruction observed in some stages of congestive failure (page
110), the chief cause must be hepatic dysfunction.

Meakins (1927) found that jaundice, when it occurred, was most
marked over the upper chest and face. He also stated that bile pig-
ment is not found in edema fluids, although his data show othermse,
Andrews (1924) detected appreciable amounts of bilirubin in ascitic
fluid taken from a cardiac patient and Altschule and Volk {2937)
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22. Hepatic Function. Porphyrinuria

Hepatic enlargement is one of the commonest and often ane of the
eatliest signs of cardiac decompensation Although exertional dyspnea
uswally precedes enlargement of the liver, the latter may be noted
weeks or months before edema or rales can be detected. This phe-

is readily understandable in the light of Brunton’s (1998
observations on the enormous distensibility of the liver. In very
severe failure jaundice may become manifest, with bile in the urine,
but this is not the rule. In spite of the absence of frank jaundice,
however, some increase in the serum bilirubin Jevel is common in
cardiac decompensation (51; Jolliffe, 1930; Chavez ¢f al., 1943)3
the ratio of direct-reacting to indirect-reacting bilirubin is normal
(Cantarow ¢t al, 1942) In general the degree of elevation of the
plasma bilirubin corresponds with the severity of the cardiac faflure,
but values much above 2.0 mg. are not common. The degree of bili-
rubinemia is not necessarily related to the mcrease in size of the hver.

Although the prothrombin time is normal (Cotlove and Vorziﬂtef,
1046), other tests of liver function usually are not. Dye retention
may occur (52; Bernstein et al,, 1942), although Epstein et al.
(1927) found none, and Piersol and Rothman (1928) found it nfﬂ)’
infrequently and in mild degtee in patients in failure. Dye retention
is related to slow hepatic blood flow, according to Ingelfinger (1947)-
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in certain stages of failure, and increased fragility of the red blood
cells has also been reported in patients with cardiac decompensation
(page 110). It is of interest that the breakdown of hemoglobin causes
greater elevation of blood bilirubin level in patients with cardiac
decompensation than in normal subjects (Gilligan, Altschule and
Katersky, 1941). Ernstene (1932) pointed out that the jaundice of
heart disease is due to a combination of increased production and
diminished excretion of bile pigment.

The diminished hiver function in heart failure is in itself rarely
severe enough to be clinically important. It is of significance because
it indicates the presence of liver damage which may lead to cirrhosis,
That so few patients with congestive failure develop elinically im-
portant cirrhosis of the liver 1s unquestionably due to the fact that
few of them live long enough (Katzm, Waller and Blumgart, 1939).
Many authors have reproduced in animals the central scarring which
is said to be typical of cardiac cirrhosis, but Bolton (1914) observed
portal infiltration and fibrosis The latter observation is sigmficant
in view of the fact that not infrequently patients in whom a chnical
diagnosis of *cardiac” or central cirrhosis of the liver is made, are
found, on autopsy, to show unmistakable evidences of portal cirrhosis
(Altschule, 1938; Katzin ef al, 1939).
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changed (Machlachlan and Thacker, 1045) except when anoxia is
extreme.

More direct experimental evidence bearing on gastro-intestinal
function is afforded by studies of the effects of stasis induced by ties
placed about the portal vein. The rise in gastro-intestinal venous
pressure so induced slows absorption (McMichael and Smirk, 1933;
Wells, 1940; Stickney, ef al., 1947) and results in a type of gastritis
(Gulzow and Afendulis, 1938). In addition, edema of the stomach
and intestines has been shown to delay emptying (Barden et al.,, 1938;
Mecray, et af, 1937).

Any of the physiologic changes just ioned could explain the
gastro-intestinal symptoms associated with cardiac decompensation
and theteby throw some light on the mechanism of malnutrition
which commonly develops in cardiac patients.

The distention that occurs in severe congestive failure can be quite
severe, Distention of the small intestine in itself results in a de-
rangement of the circulation whereby blood is shunted through
arteriovenous anastomoses and away from the capillanies (Lawson
and Ambrose, 1942, Oppenhexmer and Mann, 1943), thereby further
depressing absorption and possibly digestion also
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23. Gastro-intestinal Function

Anorexia, nausea, distention, gaseous eructations, constipation and
flatulence are frequent complaints 1n moderate or severe congestive
failure, Data on gastro-intestinal function in patients with chronic
congestive failure, are, however, fragmentary, Costadoni (1938) and
Levitan and Alexeief-Berkman (1935) found greatly lowered gastric
acid values, even after histamine The latter also found retarded
gastric emptying. Costadoni (1938) found an abnormal amount of
nitrogen in the stool, while Levitan and Alexeief-Berkman (1935)
reported partly digested food. This finding was regarded by these
authors as evidence of hypermotility of the intestines, but this cannot
be related definitely to congestive failure, since three-quatters of thelr
patients had worms or protozoa in thesr stools. Further studies clearly
are necessary.

Studies of the effects of anoxia on gastra-intestinal function are
pertinent, but are difficult to evaluate since the conditions under
which they were performed gave rise to the loss of considerable
amounts of carbon dioxide from the blood; this loss causes a depres-
sion of secretion of gastric acidity (Delhougne, 1927; Browne and
Vineberg, 1932, Delrue, 1934). The consequences of expen‘men_fﬂl
anoxia are also difficult to relate to the tissue anoxia of congeslf\'e
failure, because in the former the arterial blood oxygen saturatiot
falls far below that commonly encountered in congestive fallure, but
this change is compensated for by an increase in cardiac output (page
70), so that the state of the tissues cannot be determined from the
data reported. At any rate, the effects of experimentally induced
2noxia on gastro-intestinal motility have been revewed by Van Liere
(1942) and include depressed gastric motility, lessened force_ﬂf
gastric contractions, decreased gastnic tone, slowed gastric emptying
time associated with pyloric spasm, no change 1n small intesul:ml
motility and slowed colonic function, Anovia does not influence 1o
testinal secretion, but does lower the volume of gastric secretion and
secretion of acid and chloride (Van Liere, 1942). Van Laere further
showed that absorption from the small intestine is also affected by
anoxia, that of saline solution and of glycine being depressed, while
that of glucose and of water is increased; absorption of fat is um*
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administration of a test dose by mouth. A study by Pollack ¢ al.
(1040) in patients with congestive failure gave simflar results after
the injection of thiamine intramuscularly, but the methods used by
these authors are not specific and the period during which they col-
lected urine may have been too short, The fact that diuresis may
remove thiamine from the body has been reported (Williams and
Bissell, 1944). The statement of Goldsmith (1948) that abnormal
lactate-pyruvate ratios, indicative of thiamine deficiency, occur often
in congestive failure is difficult to evaluate. Also pertinent is the
finding of Grieg and Govier (1943}, who showed that ssimple anoxia
disturbs the utilization of thiamine and leads to a depletion of tissue
cocarborylase (thiamine diphosphate). It is apparent that the nutri-
tion of cardiac patients has not been studied adequately

The fact that decompensated cardiac patients develop low plasma
protein levels and lose their normal tissue tension because of loss of
flesh is obviously of importance in the genesis of edema Thiamine
depletion, which probably occurs in almost all patients with con-
gestive failure of some duration, must not be overlooked as a factor
making for increased severity of the signs and symptoms. Occasionally
patients are seen 1 whom the usual therapeutic measures for cardiac
decompensation are partly or entirely without benefit and who,
because of overt clinical evidence of vitamin B deficiency, are given
vitamin B complex parenterally, after which a remarkable improve-
ment m the symptoms of cardiac decompensation occurs.
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24. Nutrition

Nutritional studies on congestive failure are few in number. The
previously discussed fall in plasma protein level (page 96) bas be‘en
ascribed 1n part to malnutrition, but data that show a negative
pitrogen balance are scanty (Payne and Peters, 1932). These authors
also referred to the finding of a marked positive balance during 1e-
cavery from failure, but extensive data were not presented. It must be
borne in mind that the elaboration or resorption of large amounts of
edema fluid containing appreciable amounts of nitrogen make such
studies difficult Harrison (1945) has shown that the measured intake
of protein and also of vitamins often is low in sick cardiac patients
Robinsan, Melnick, and Field (1940) also found the ingestion of
thiamine to he low in decompensated cardjacs. These authors showed
in addition that the urinary excretion of thiamine is low after the
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is also decreased (Altschule, 1943; Knipping ef al, 1932; Peabody
and Wentworth, 1917; McClute and Peabody, 1917; Rubow, 1908).
A few studies in cardiac patients show that the relief of abdominal
distention which follows paracentesis for ascites rehieves dyspnea,
lowers the oxygen © jon and diminishes the respi y minute
volume (Resnik et ol., 19350, b). In dogs, excessive distention may
ultimately cause respiratory failure (Coombs, 1922).

The rise in intra-ahdominal pressure which distention may cause
is reflected by the corresponding rise in femoral or iliac venous pres-
sures noted in human subjects or in dogs (54; Burwell, 1938). This
increased pressure in the veins of the leg must aggravate the tendency
toward edema If distention is severe enough to elevate intrapleural
pressure, an increase in venous pressure is also found in the tributaries
of the superior cava (Brams et af, 1933; Burwell, 1938; Ferns and
Willans, 1937, Frey, 1923, Griffith et al, 1934), abdominal para-
centesis may result in a fall in the venous pressure (Burwell, 1938;
Ferris and Wilkins, 1937, Griffith ¢ af, 1934, Olmer, 1938). It 15
apparent, therefore, that a considerable degree of impairment of
venous return from the extremities may develop consequent to the
increased intra-abdominal and intrathoracic pressures resulting from
distention (Emerson, 1grz) A similar disturbance in flow through
the abdominal viscera 1s suggested by the observation of Bradley and
Bradley (1944) that the inferior caval pressure is high in man and
the renal blood flow decreased when the intra-abdominal pressure is
elevated. Although the impairment of venous return consequent to
the distention that may develop in congestive failure may not result
in 3 fall in cardiac output (Bielschowsky, 1932; Resnik ef ol , 19355)
or increase n circulation time (Wall, 1939) at rest, it probably pre-
vents or limits the nise i output of the heart which should occur
during exercise, thereby contrbuting to dyspnea and weakness, and
favoring an abnormally increased oxygen debt

Addstional of d intra-abd 1 pressure are
oliguria and albuminuria (Bradley and Bradley, 1944, Thorington
and Schmudt, 1923) the results apparently of decreased renal blood
flaw, hepatic blood flow is also diminished (Bradley, 1946).

1t is clear from the foregoing discussion that the symptoms of con-
gestive failure may be greatly reduced when intestinal distention is
reheved or ascites removed. Patients with edema may occasionally
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25. Abdominal Distention

The distention that results from accumulation of very large
amounts of ascites or of intra-intestinal gas in patients with cardiat
decompensation gives rise to changes in circulation and respiration
which aggravate the symptoms of congestive failure.

Studtes of the lung volume and its subdivisions are fragmentaty
but in good agreement. Distention of the abdomen decreases the
residual air volume only stightly and, although the functional residual
air is appreciably diminished (Altschule, 1943; Bittorf and Forsch:
bach, 1910), it is doubtful whether this lessening of the space avail-
able for respiration is in itself harmful. The reserve air, however,
decreases almost to zero (Altschule, 1943; Bittorf and Forschbach,
1910, Knipping et al., 1932; Rubow, 1908), which indicates that
the intrapleural pressure is much more positive than normal and
approaches atmospheric pressure (Prinzmetal and Kountz, 1935)-
The latter change has actually been measured in the dog {Frey, 1923)-
Loss of the normal negative intrapleural pressure impairs respiratory
efficiency. The complemental air volume is also greatly diminished
(Altschule, 1943; Bittorf and Forschbach, 1910; Knipping ef aI.y
1932), indicating a corresponding degree of decrease in the expansi-
bility of the lungs This loss of normal ability of the lungs to expand
may give rise to a y increase in i y minute vo!u{ne
relative to osygen consumption at rest {Knipping et af, 1932) with
aggravation of dyspnea, there is an abnormally large oxygen debt
after exercise (Nylin, 1937, 1938). Since the reserve and comple-
mental air volumes are much smaller than normal, the vital capacity
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exhibit a spontaneous diuresis or may become responsive to mercurial
diuretics after abdominal paracentesis, The manifestations of im-
paired respiration and circulation appear to vary with the intra-
abdomunal pressure rather than with the changes in the volume of
the aba and its ; the loss of ibility of the abdom-
inal wall which occurs with distention (Sodeman and Burch, 1937) Is
therefore important,
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26. Basal Metabolic Rate. Blood Iodine

Elevation of the basal metabolic rate in congestive failure bas been
noted by many authors (55, Peabody ef. al, 1916, 1917, 1932).
Peabody, Wentworth and Barker (1917) and Resnik and Friedman
(1935) found a close correlation between the degree of dyspnea and
the rise in metabolism; the latter authors also correlated the rise In
metabolic rate with the ratio of respiratory minute volume to vital
capacity. Resnik and Friedman (1935) felt that the increased mus-
cular effort associated with dyspnea was the cause of the change in
metabolism, However, the slight rise in rectal temperature found ir
severely decompensated patients (page 29) may also be a factor.
Both elevation of rectal temperature and severe dyspnea occur in the
most severely decompensated patients, and the increased metabolism
could well be related to both at the same time.

The apparent degree of elevation of the basal metabolic rate found
m some instances may be misleading because the values obtained
may be too high. This is owing largely to the fact that itis frequently
impossible for the anxious or sick cardiac patient to assume 2 truly
basal state. Another factor leading to error in measuring basal me-

bolism in severely d d patients is the fact that suck
patients, when exposed to the high concentration of oxygen in %hf
ordinary type of basal metabolism apparatus, take up excessive
amounts of oxygen (page 93) in saturating their abnormally s
saturated arterial blood or in discharging their oxygen debts .

Blood iodine. — The common finding of elevated basal metaholic
rates in patients with congestive failure has stimulated interest in the
blood iodine level in such cases. Most authors agree that the b]qod
iodine level is normal in patients in failure, including those with
elevated metabolic rates not due to thyrotoxicosis (Kisch, 3934
Lohr, 1936; Turner ef al, 1940). The findings of Veil and Stur®
(1925), who reported elevated levels in patients in failure swith rapid
heart rates, and 2 fall in blood fodine to or toward normal after the
administration of digitalis, are discordant.
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the fact that most patients in failure hyperventilate and should, there-
fore, vaporize more than a normal amount of water in the lungs
(Christie and Loomis, 1932; Burch, 1946a); loss via the skin is low
(Burch, 19465). Impairment of cutaneous blood flow is probably
responsible for this phenomenon Di Macco (1921}, who measured
water loss directly, reported low values only over edematous skin,
but his methods are of doubtful accuracy

The attempts of Conti (1932), Neurath (1939), and Zak et a!
(1929, 19354, b) to establish the theory that the body colloids of
edematous pauents actually absorb water from the air, since the
is negative, have been widely
criticized on the ground of errors in technique (56, Newburgh and
Johnston, 1942).
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27. Insensible Perspiration

The jnsensible water loss is normal or, at times, abnormally ’?W i”l
congestive failure (56; Kesterman and Schleining, 1936) in spite 0
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of tourniquets in normal subjects led him to rule out increased venous
pressure as the cause of the lymphatic stasis observed by him in
cardiac decompensation, anoxia may be the factor responsible. It is
probable, however, that the elevated venous pressure found in many
patients with congestive failute s also a factor preventing normal
lymphatic function, for increases in venous pressure must be trans-
mitted to the lymphatic vessels.
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29. Central Nervous System Function

Patients with mod or sevete ive failure not infrequent,
show evidence of psychic disturbances ranging from inability to con-
centrate or mild changes m personality to coma or psychosis.

Gross (1940) studied mtellectual function by means of 2 number
of tests of intelligence and attempted to correlate changes so revealed
with variations in circulation time in cardiac patients. Although
cerebral function imp d with )} fon of cardiac d
tion, the changes were usually not parallel to those in circulation time.

Nesther gross motor change, such as paralysis or impairment of
reflexes, nor measurable impairment of sensation occur However,
studies made by Simonson and Enzer (1941) and Enzer ef of (1942)
on the fusion frequency of flicker, a measure of the maximal frequency
of motor impulses, do show impairment of that function in congestive
failure, It is of interest that similar changes occur in anoxia also
(Enzer ef al., 1942). It is not unhkely that the limted ability to do
physical work commonly seen in congestive failure is related in part
to this phenomenon.

The circulation through the central nervous system has not been
studied extensively in congestive fallure Calhoun et al. (1931)
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28. Lymphatics

The studies of McMaster (1937) on the lymphatics of the skin in
patients with congestive failure are important in relation to fl’e
mechanism of formation of cardiac edema, McMaster found dilatation
and valvular imcompetence of the lymphatic channels and completé
absence of lymph flow in the skin of edematous legs of patiex‘\ts
Administration of diuretics caused no apparent change in the fuactio?
of the lymphatic vessels. Elevating the edematous limb, ‘however;
caused small increases in Iymphatic flow. McMaster's inability o

duce the typical hatic stasis of ive failure by means
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Wirre, J. C, M. Vereor, B. Serverstose, and H, K, Beecnieg, Changes
in brain volume during anesthes:a, the effects of anoxia and hyper-
capnia, Arch. Surg. 44, 1 (1942).

30, Skeletal Muscle Function

Ttis well Lnown that many patients with cardiac decompensation
lain of 1 Indeed, in some instances
this complamt 1s a much more promment symptom than dyspnea.
Under the latter circumstances an interesting parallel may be drawn
with the effects of exercise under anoxic conditions at igh altitudes,
as described by Edwards (1936), exhaustion occurred before the
subjects could work long enough to develop a significant nse in
blood lactate.
The k of cardiac d p ion may be related
to abnormal creatine metabolism, for Kindler (1936) studied the
incidence of creatinuria in patients with cardiac decompensation and
found it present in all patients with signs of severe failure, Herrmann
(1935), without recording data, also described creatinuria as common
in cardiac decompensation Kindler (1936) reported regression of
creatinuria with improvement and believed that the observed devia-
tion from the normal creatine metabolism was a result of the effect
of anoxia on skeletal muscle, Huwever, the phenomenon may possibly
be one if of a i bolic disturbance due to
severe illness; malnutrition and prolonged rest in bed probably play
contributory roles Other mechamisms which possibly may be involved
in giving rise to muscular weakness and easy fatigability are disturb-
ances in the enzyme systems that participate 1n muscular action. Data
in this regard are lacking but studies have been made on the synthesis
of acetylcholine which are of interest Anoxia has been shown to
retard the synthesis of acetylcholine m vitro (Quastel et al.,, 1936;
Mann et ol,, 1938; Welsch and Hyde, 1944); Torda and Wolff
(1945) found the synthesis of acetylcholine to be depressed by blood
drawn from an arm exercised under conditions of ischemia The ob-
servations of Nachmansohn and John (1944), who found depression
1 the synthesis of that substance in the presence of elevated pyruvate
in concentrations that may be reached in man, may be related Put-
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studied the jugular venous blood and found no evidence of slow for,
while McMichael {193p) and Himwich and Fazekas (1944) found
the cerebral arteriovenous osygen difference to be increased as a e,
The latter authors conclnded that the very low jugular venaus oxygt
content found in their patient accounted for the patient’s cerebral
symptoms. White et al. {1942} studied the effect of anoxiz on the brain
in dogs and concluded that lack of oxygen caused cerebral edema. Tn
addition, elevation of spinal fluid pressure occurs in cardiac decomper:
sation as a result of elevation of the venous pressure {page 49). A
these ate probably responsible for the central nervous %
tem symptoms found it patients with chronic cardiac decompensation

The occurrence of Cheyne-Stokes respiration is probably also 2
consequence of impaired cerebral function in congestive faitare. In
animals, periodic breathing has been induced either by elevation o
the cerebrospinal finid pressure or by stowing of the blood flo®
through the brain {Greeley and Greeley, 1930).
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31. Tissue Pressure. Cutaneous Pressure and
Dirstensibility

A number of authors (Krogh et al., 1932; Landis and Gibbon,
1933; Youmans ef al, 1934) have in the past stressed the importance
of changes in tissue pressure 1n edematous patients and their role in
limiting the formation of edema. Burch and Sodeman (1937) and
Sodeman and Burch (rg37) measured the subcutaneous tissue pres-
sure in edematous cardiac patients and found it greatly elevated, but
never above the venous pressure, dwresis after the injection of
salyrgan lowered 1t to or almost to normal In general the tissue
pressure vaned with the amount of edema, but in the chronic state
the relationship was not present, since the tissues had lost much of
therr elastiaty (Sodeman and Burch, 1938); distensibility decreased
s edema fluid increased and tissue pressure rose, As is to be expected,
the intracutaneous pressure also 1s elevated in the presence of edema
(McMaster, 1946), eatlier work purporting to show the opposite
(Hajen, 1927; Holland and Meyer, 1932) 15 mnaccurate, according to
McMaster (1946) All authors agree that as edema forms the in-
crease in fissue pressure exerts more and more of an whibiting effect
on transudation, with stretching of the skin to the point of loss of
distensibility playing a similar role In the chronic state, however, this
limiting effect is lessened, apparently because of repeated stretchings
and also as a consequence of loss of flesh due to malnutrition.
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nam and Merritt (1941) earlier recorded the fact that pyruwste
depresses muscular action. The rise in blood pyruvate that occurs in
cardiac d 3 ion is di d elsewhere (page 88).

Harrison ef af (1930) described lowering of the potassium content
of skeletal muscle in congestive failure, These authors regarded this
finding as indicative of impairment of buffering power; it is possitle
that it has a more specific significance in mustle function.
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Smirk therefore concluded that capillary permeability is increased in
chronic cardiac decompensation.

On the other hand, McMichael and Morris (1936) and Henry ef al.
(1946) reported plethysmographic studies of short duration from
which they concluded that induced anovia does not increase capillary
permeability in normal man. These authors presented no data, so
that analysis of their findings is impossible Moreover, anoxia in such
experiments may induce vasoconstriction (Henry et al., 1947¢) and
so reduce filtering area, and increase in rate of blood flow may coun-
teract to some extent the lowering of arterial oxygen saturation When
conditions of low venous oxygen saturation are induced, an increase
in capillary permeability occurs (Henry ef ol , 19478).

Stead and Warren (2944) studied the edema-fluid protein in car-
duac patients and compared it with the protein content obtained in
normal subjects after the application of tourmquets, they found no
increase in the former over the latter and, therefore, concluded that
no mcrease in capillary permeability occurred in congestive failure.
Stead and Warren (1944) further found that the application of tour-
niguets to the limbs of normal subjects and of cardiac patients re-
sulted in elaboration of fluid of similar protein content 1 both groups,
The validity of this comparison is not established and, in addition,
many authors have shown (page 102} that cardiac subcutaneous edema
fluid has a higher protemn content than that obtaned from patients
with renal disease or cirrhosis

Stead and Warren also presented data on two patients with arterial

to chronic pul 'y disease and found that
by fluid that developed in these subjects after application
of a tourmquet was not different in protein content from the normal
These authors presented no measurements of venous blood oxygen
content, data which are important since the response to anoxia in
patients with normal hearts is an increase in velocity and volume of
blood flow (page 70); the tissues in the patients studied may have
been less anoxic than the arterial blood oxygen level indicated. In-
deed, there is no conclusive evidence that it 1s valid to use the protein
content of a fluid as a measure of permeability.
In this c 1t should be bered that the protein con-
tent of edema fluid often rises during diuresis in cardiac patients and
also that in the same patient pleural and ascitic fluids usually have
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32. Edema

Tissue anoxia — The role of anoxia in the genesis of cardiac edem.d
bas been discussed for many years, but available data bearing on this
matter are incomplete and in part discrepant. Careful work (Barach
and Richards, 1931, Richards and Barach, rg34) has showa that
some edematous cardiac patients respond to the administration of air
enriched with oxygen by a profuse dwresis, only to regain their edems
when removed from the oxygen tent. Anoxia was evidently of pnmary
importance in these patients, for the admimstration of oxygen caused
no change in cardiac output and the disappearance of edema was
followed, rather than preceded, by a lowering of the venous pressure.
Anoxia may well account also for the loss of abnormally large amounts
of flmd from the blood to the tissues found by Dautrebande ef @k
(1923) after occlusion of the arterial flow in a limb, Smirk’s (1936)

i d a tend in ed cardiac patients

“1 - teeas ——gunts of tissue fluid at
7 means of plethysmo-
ire to the same level

above the measured plasma oncouc pressute i normal subjects ","d

in patients with cardiac decompensation resulted in the elaboration
of larger amounts of this fluid in the latter than in the former.
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supplanted by the precise quantitative studies of Krogh ef al. (1932)
and of Landis ¢ al. (1932, 1933), and the relationship is now estab-
lished, Similar studies on the elaboration of tissue fluid in the lungs
have been made by Warren and Drinker (1942). It is clear that
extreme tises in venous pressure, to 3o or 40 cm-of-water, may by
themselves cause the appearance of edema in the tissues, However, the
relation of these findings to the moderate increases in venous pressure
commonly observed in congestive failure is not established. Certainly
the contention of Reichsman and Grant (1946), that the role of
elevated venous pressure is paramount in the formation of edema, is
much too far-reaching a conclusion to be derived from their observa-
tion that venous pressure rises before weight is gained when digitalis
is omitted in congestive faiure. Clinically, it kas long been known
that some patients with venous engorgement do not have edema and
that, conversely, some patients with cardiac edema do not have
venous engorgement. Measurements of venous pressure in heart dis-
ease {page 34) show much overlapping of values in edematous and
nonedematous cardiac patients A large series of patients, excluding
those with thyroid diseases, nephritis, emphysema, pericarditis and
tricuspid disease, has been analyzed from this point of view (Alt-
schule, 1938). Esghty-three with no history or evidence of congestive
failure had venous pressures ranging as high as 11.8 cm-of-water; of
these only three had levels of 11 cm-of-water or more. Of thirty-three
with congestive failure, but no history or evidence of edema, seven
had venous pressure levels above 11.0 and ranging as high as 14.5
em-of-water. Thirty-five patients admitted to the hospital with edema,
but who became free of visible edema and remained 5o at rest in bed,
bad venous pressures ranging as high as 14.0 cm-of-water, in eleven
the pressure was above 11.0 cm-of-water. Of fifteen patients who
regained edema constantly although at rest in bed, eight had venous
pressures above 1.0 and as high as 18 2 cm-of-water, while seven
had pressures between 08 and 7.1 cm-of-water These observations
on the lack of correlation between ncreased venous pressure and
edema formation m congestive failure have been corroborated by
studies in congestive failure by other authors (Winsor and Burch,
1946; Mernill, 1946), in tricuspid disease (Altschule ef of, 1037,
1940} and in patients with superior vena caval cbstruction (Smirk,
1936; Altschule ef of , 1045).
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protein contents many times that of the subcutaneous fluid {psge
103). The situation becomes further confused when it is realized that
even normal capillaries are believed to be freely permeable to watet
and salt, any increase in permeability must, therefore, refer
protein. However, variable amounts of protein do pass through the
capillaries normally and if a small additional amount passed through,
it would probably draw water with it and so make its presence -
detectable. It is apparent that even if normal subjects and edematows
cardiac patients have approximately equa) tissue fluid protein cor-
tents, large amounts of protein must have entered the tissue spaces in
the cardiac patients to maintain that protein concentration in the
edema fluid. The fact that studies by means of dyes show no increast
in capillary permeability in congestive failure (Lange, 1934) s nat
helpful, for studies with dyes are notoriously misleading in this respect

1§ anoxia results in increased elaboration of fuid in cardiac patients,
it may act by giving rise to vasodilatation which would exaggeratt
whatev d toward d filtration existed as a cop¥®
quence of other factors, Krogh (1929) and Landis (1928) shomed
that anoxia causes capillary dilatation That this phenomenon 3¢
counts for part or all of the effect of anoxia in cardiac patients it
whom other mechanisms for edema formation are already operst®®
cannot be ruled out on the basis of available data, aud it is clear that
further studies are indicated. On the other band, the fact that simple
anoxia, induced by breathing air depleted of oxygen, has been dem-
onstrated to cause {ncreased water content (White et al,, 1947) o2
profuse flow of lymph from several organs (Gesell, 1928; baureh
1940; Warren and Drinker, 1942; Warren ef af, 1942) stonghy
suggests that the effect of anaxia may be specific increase in capillary
permeability. The work of Landis (1928), of Saslow (1938) and of
Pappenheimer and Soto-Rivera (1948), which showed that extreme
degrees of anoxia cause increased permeability of the capillasies, m3Y
or may not be applicable to the more moderate degrees of tissue anovia
which exist in cardiac decompensation,

Increased venous pressure. — Elevation of filtering pressure is an
important factor favonng the elaboration of increased amounts of
tissue fluid, The approximate observations of Mende (1919), Dty

and Jones (1927) and McMichael and Morris (1936) on the telation
U T Tomera horl

VT
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Diminished tissue pressure.— The elaboration of tissue fluid de-
pends mot only on ntravascular conditions favoring transudation,
but also on extravascular factors which resist the escape of fluid into
the tissues Landis and his co-workers (Krogh ef al., 1932; Landis
ef al., 1932, 1933) have studied this relationship in normal man, and
Sodeman and Burch (page 153) have made chinical studies bearing
on it in patients with congestive farlure. The ease with which edema
develops in cachectic patients with lax subcutaneous tissues exem-
plifies the importance of lowered tissue pressure in accelerating the
formation of edema. Loss of flesh consequent to malnutrition is rec-
ognized as frequently present in chronic congestive failure. Prolonged
bed rest results in laxity of the muscles, which probably causes sim-
ilar changes It has been demonstrated (page 153) that repeated
bouts of edema followed by loss of edema as a result of druresis results
in a more or less permanent impairment of tissue elasticity. Addi-
tional pertinent evidence is the fact that patients who have had
repeated bouts of cardiac decompensation harbor several times as
much invisible edema fluid as do those recovered {rom their first attack
of congestive ia:lure (page 102).

‘he f derations point to the jon that low tissue
tension and loss of tissue elasticity contribute to the ease with which
edema develops in cardiac patients

Sodium chlorsde retention — Clinicians have long been aware of
the relation of sodium chloride intake to the formation of edema in
congestive failure, recent physiologic studies have emphasized the
importance of abnormal sodium chloride retention in this regard and
also suggest that the latter is associated with impaired renal blood
flow (page 122) Insome cases the intake of relatively small amounts
of sodium chloride seems to play a decisive role in the occurrence of
edema, in most other instances 1t plays an important part also
A discussion of the problem by Peters (1948) is of interest

Capillary dilatation. — The widespread capillary dilatation found
in decompensated cardiac patients increases the filtering surface area
and enhances whatever tendency toward edema formation exsts as a
consequence of the action of other factors

Alkalosss — Alkalosis clinically is often associated with edema
formation but 1t 15 extremely unlikely that the slhight degree of alka-
fosis of the arterial blood that may occur m markedly dyspneic pa-
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1t is therefore concluded that while extreme rises in venous pres-
sure, to levels of 30 or 40 cm-of-water, may by themselves'cause the
appearance of edema, the moderate increases in venous pressme
commonly found in congestive failure merely constitute an important
contributory factor, but do not result in edema formation unless addi
tional influences are operating at the same time, The rise in vesous
pressure seen m cardiac decomp fon is itself the consequence of
a number of factors The occurrence of edema mostly in dependent
parts 15 probably related to venous pressure levels but this does xot
explain the development of pleural effusion. It should also be borne
in mind that venous pressures in the legs are higher while the patient
stands still than when he is walking (Runge, 1924; Smitk, 7936,
Beecher, 1937) On the other hand, straining raises the femoral
venous pressure (page 36), as would be expected from the observed
changes n ntra-abdominal pressure (Keith, 1923).

Low plasma protcin level. — A pronounced Jowering of the plasms
protein level, namely, to less than 5.0 Gm /100 cc., witha conest’“fi‘
ing or greater fall in plasma albumin concentration, may result in
the appearance of edema, as in malnutrition or the nephrotic sy
drome Such marked lowering of the total protein and albumin lt’:VE’S
is, however, rarely ed in plicated cangesti failure
and lesser decreases are common; the plasma total protein content
usually lies between 5.5 and 6 5 Gm /100 cc, Decreases of this mag-
pitude are, however, of importance in the genesis of edema when
combined with abnormalities 1n other factors, since the tate of filtra
tions from the capillaries at a given pressure varies inversely as the
plasma protein level (Krogh et af, 1932).

Abnormal lymphatic function.— Chnical and experimental ?b-
servations have conclusively proved the occurrence of edema following
injury to lymphatics It remained for McMaster (page r48) t0 def“'
onstrate the absence of normal lymphatic flow in patients with cardiac
edema in contrast to the striking lymphatic hyperactivity which ke
observed in patients with nephritic edema The mechanisms under-
iying the change found in chronic cardiac decompensation ate obsture;
it is posuible that both a rise 1n venous pressure and anoxia w3y bf
implicated. Whatever the causes of thus phenomenon, however, i ’;
apparent that this factor is of great importance in the genesis &
o e
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tients is important in the genesis of cardiac edema, particulatly since
the venous blood (and presumably, therefore, the tissues also) usvally
shows no such change in the direction of alkalinity.

Blood kistamine — Because the injection of histamine is known o
cause edema, the possible role of that substance in edema formation
in cardiac patients was studied by Barsoum and Smirk (1936). Ak
though an increase in blood histamine was demonstrated in chronit
cardiac decompensation by these authors, the fact that the increase s
limited to the erythrocytes and not the plasma appears to rule it
out as a factor in the elaboration of excessive amounts of tissue fuid
in heart disease.

Conclusions. — A general conclusion based on all the foregoing
considerations is that the edema of congestive failure is usually 2ot
due to the operation of any one factor. It is impossible to correlate
with absolute agreement the presence of edema with changes in 207
one of the factors discussed. Extreme changes in a single facton
such as the venous pressure or plasma protein level, may in themselves
result in the appearance of edema, but such extreme changes occut
only uncommonly in uncomplicated congestive failure It appeats
that the formation of cardiac edema in most patients is the result
of the combination of submaximal or even minimal changes in many
factors. The relative importance of each of the above-discussed
factors unquestionably varies from patient to patient.
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33. Cyanosis

Some degree of cyanosis is commonly observed in chronic cardiac

ion. Its onset 1 des that of edema and

orthopnea but only uncommonly that oi dyspnea, except in the cases

of some patients with congemtal heart disease Cyanosis may also

appear relatively early in patients with marked prominence of the

veins due to tricuspid valvular disease or concretio cordis. Its earliest

manifestations consist of slight blueness i areas where the skin is

thinnest, such as the nailbeds and the lips When generalized, it is

usually most marked over the extremities of the body, namely, fin-
gers, toes, nose, earlobes and lips.

Lundsgaard and Van Slyke (1923) have defined the conditions
under which cyanosis may occur The factors of greatest importance
in uncomphcated congestive failure are (i) abnormal deoxygenation
of the blood present in the skin and (i1) the abnormal amount of
blood in the skin It has been demonstrated by these authors that
the presence of unsaturated hemoglobin 1n a concentration of at least
5 Gm /100 cc. of blood is necessary for the occurrence of cyanosis
They also pointed out that the low blood hemoglobin concentration
of severe anemia may prevent the appearance of Cyanosls con-
versely, the presence of polycythen the devel
of cyanosis.

A high concentration of reduced hemoglobin can result from (i)
lowering of the oxygen saturation before the blood reaches the tis-
sues or (i1) extraction of abnormally large amounts of oxygen from
the blood in the tissues.

Decreased arterial blood oxygen saturation — Decreased arterial
blood oxygen saturation consequent to inadequate aeration of the
blood in the lungs 1s frequently found in congestive failure (page
70} Tts importance in the genesis of cyanosis is shown by the less-
ening of cyanosis that follows the administration of air enriched
with oxygen, accompanying this improvement is a return to or to-
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34. Dyspnea

In discussing dyspnea it is well to bear in mind certain general
considerations as to the nature of this symptom, It cannot be em-
phasized too often that dyspnea is a sensation and as such is not
amenable to objective measurement. There is, however, a general
correlation between the symptom dyspnea and the sign hyperpnea,
and tke latter can be measured. On the other hand, marked diifer-
ences in the degree of dyspnea which are consequent to changes in
subjective sensitivity can occur in different patients in whom all
physiological measurements are the same, or even at times in the
same patient with relative constancy of the physical status. These
facts necessarily make it difficult to evaluate accurately the signifi-
cance of the physiological and chemical changes that lead to dyspnea.
It must be borne in mind also that hyperpnea 15 a response to cer-
tain abnormalities 1n the physiologic or chemical status of the pa-
tient and that hyperpnea itself may cause compensatory changes in
the opposite direction, so that deviations from the normal, observed,
for instance, in the blood, may be negligible. In addition, hyperpnea
may occur as a consequence of immeasurably small changes in the
blood.

For the purposes of this discussion no attempt will be made to
distinguish dyspnea at rest from dyspnea on exertion The assump-
tion will be made that similar factors are responsible for both, with
the reservation, however, that the various mechanisms may be rela-
tively more or less important in each type of dysprea

Tissue anoxia, — Much has been written in recent years regarding
the greater responsiveness to anowa of the peripheral chemoreceptors
than of the medullary centers This material 1s difficult to evaluate
for a number ui reasons., The precise localization and role of the
centers that i ion is far from blished, althougt
the impulses that actually give rise to changes in respiratory rate
and volume must obviously arise in the medullary centers. The lat-
ter may be mfluenced directly by changes in the composition of the
blood, or by nervous mpulses arising elsewhere, The sources of the
latter impulses have not been completely studied. Although most of
the work reported has involved the carotid and aortic bodies, there
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ward normal of the arterial blood oxygen saturation, In patients with
chronic cardiac decompensation, however, relief of cyanosis result:
ing from oxygen therapy is frequently only partial; in addition the
degree of cyanosis cannat be correlated exactly with the artend
oxygen saturation.

Increased deoxygention of capillary blood. — Calculations of caple
Jary unsaturation di that ab fly great deotygenati
of the capillary blood occurs in congestive failure as a result of 2
lowered cardiac output and consequent slowing of the peripheral
blood flow (Meneely and Kaltreider, 1943). Studies on the venous
blood show that concentrations of reduced hemoglobin well abose
5 Gm./100 ce. of blood may occur (page 71), with the resultant
appearance of cyanosis. )

Capillary and venous dilatation, — The widespread capillary d-
tation and increased prominence of the subpapillary venous plexus
exhibited by patients with chronic cardiac decompensation exag;'gﬂ'
ate the degree of blueness present. Indeed, Goldschmide and Light
(1925) have shown that these phenomena when induced in normat
individuals may in themselves cause cyanosis, even in the absente
of abnormal blood gas values. .

It is evident, therefore, that the cyanosis of congestive failure I
due to a combination of factors All factors operate in greater or
lesser degrees in different patients, although the relative importance
of each factor vartes from patient to patient.
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clusions from expenments that represent a real masterpiece of technical
proficiency.

These remarks are pertinent, for even the experiments by
Bouckaert, Heymans and Samaan (1938), designed to show the
primacy of the peripheral receptors in the respiratory response to
anotia, show that this response may occur when these receptors are
denervated. It is not the purpose of this discussion to prove that
the role of the peripheral receptors is negligible, or to d the
work of Heymans and his co-workers who established its importance,
the intent here is merely to indicate the invalidity of ascribing no
role at all to the cramial centers The experiments of Gemmull ef al,
(1934), Decharneux (1934), Gesell (1939), Moyer and Beecher
(1942) and Davenport ¢! al. {1943, 1947), Performed largely on

hetized or only lightly hetized animals, suggest that de-
nervation of all the known pathways from peripheral receptors does
not eliminate hyperpnea consequent to anovia; the medullary centers
apparently are still important in this respect Accordingly, because
of all this uncertainty, it has been decided for the purposes of the
present teview to use the concept of amoxemia of the respiratory
centers as including both the medullary centers and the peripheral
receptors.

The role of anoxia in the causation of dyspnea has for many years
been considered an important one There 15 10 need to review here
the large amount of experimental work done in ammals and normal
man on which this conclusion is based Even in normal man exer-
cising at sea level the dyspnea and hyperventilation of exertion are
considerably abated by breathing oxygen (Briggs, 1920, Hewlett
et al., 1926, Asmussen and Nielsen, 1946; Nielsen and Hansen,
1937). It 15, however, necessary to review the data bearing on the
role of anoxia in the genesis of cardiac dyspnea because of attempts
which have been made to negate their importance,

That anoxia of the tissues exists in congestive failure is shown
by a latge number of observations These include evidence that the
venous blood oxygen tension is low and that, therefore, the tissue
ovygen tension must also be low The few available measurements
of tissue oxygen tension support this view. More specifically, the
observations of McMichael (1939) show a low concentration of
oxygen in the jugular blood and a high jugular arteriovenous differ-
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is evidence that other similar structures lie along the course of the
pulmonary artery (Schmidt and Comroe, 1940). If all such bodies
respond to changes in oxygen tension in the blood, it is apparent
that the range of change for those bathed in arterial blood must be
different from that which stimulates those bathed in venous blood.
Thus the fact that significant arterial anoxia may be absent in mary
patients with congestive failure does not rule out stimulation of the
respiratory center by means of impulses originating in bodies whith
may possibly lie along the pulmonary arterial tree, for blood travers-
ng this portion of the circulatory system is almost uniformly ab-
normally deoxygenated in patients with cardiac decompensation.
Another difficulty regarding evaluation of the role of the periph-
eral chemoreceptors in man is that published conclusions are
based on evperiments done not on man but on another species,
usually the dog, under anesthesia, which ordinarily depresses _lht
sensitivity of medullary centers, thereby enhancing the relative -
portance of the peripheral receptors, These experiments o dogs
involve extremely complicated and shocking preparations. Some of
these difficulties have been emphasized by Schmidt and Comro¢
(1940) as follows:
Furthermore, as the reviewers know from personal ewperience, there IS
a psychological hazard n Iike this which can easily Jead to
exaggeration of the value of an unusually favorable result, n ¢b'e foli
lowing manner. the preparation involves estensive dissection, ligation ¢
vessels, artificial crculation, and pumeraus other factors, all opeq!lng n
the direction of diminished effectveness of the reflexes The erperimenttt
must be prepared to find that a certam proportion of such preparatioss
will have inactive reflexes, and tus he will (quite propetly) ascribe 10
astifacts In another (and larger) group, reflexes will be present, ﬂ’"“lm
of vanable activity and in a third (perhaps quite small) group, they W
be extremely active. It I1s patural to regard the most strking results as
those to be expected in the absence of artifacts and to publish them a3 the
closest appreach to the normal state Actually, however, the nyestigatos
can never know that to be the case; perhaps he was dealing with r:§pons=5
that are wholly exceptional, 2nd, for all that he can tell, the less impres*
sive results may really be closer to those to be expected i the average an*
mal. Furthermore, as the experimenter’s experience and skall increase,
he incorporates in hus technique vamous jtems and procedures wh}ch he
has found helpful to bring out the destred result 1n maximum intensity; in
s 1 may remove the experimental conditions further and further
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of anoxia in patients with this disorder is expressed largely as an
increase in respiratory rate (Graybiel ez of., 1937).

‘The many factors that act to cause tissue anodia in chronic cardiac
decompensation may be divided into two groups: (i) those that
cause decreased delivery of blood to the tissues and (ii) those that
result from pulmonary congestion. The latter act to cause a lowering
of the arterial oxygen saturation by edema of the alveolar walls and
by impairment of the bellows function of the lungs Impairment
of the mechanics of respiration is in turn an expression of various
subsidiary factors (page 60). Shallow respiration consequent to in-
creased pulmonary rigidity, together with poor mixing due to in-
creased rigidity, impaired elasticity and inefficient respiration, lead
to lessened arterialization of blood in the lungs It appears reason-
able to believe that the increased respiratory activity of congestive
failure compensates to some extent for the effects of anoxia which
otherwise might be more severe However, this increased respiratory
activity itself gives rise to dyspnea Inability to increase the tidal ar
because of pulmonary rigidity may give fise to extreme tachypnea,
which by itself may result in a lowering of arterial blood oxygen
saturation The high level of respiratory activity at rest, and the fact
that ncreased pulmonary rigidity prevents normal increases in ex-
ertion, together limit respiratory reserve markediy.

Lactic acid metabolism. One of the mamfestations of tissue an-
oxia 1n cardiac patients is the occurrence of increased amounts of
lactic acid in the blood at rest and, more consistently and markedly,
after exertion The accumulation of lactic ad 1n the blood, and
presumably in tissues also, indicates a breakdown in the normal
mechanisms involved in the oxidation of that substance. It is known
that the brain itself produces lactic acid (McGinty, 1929), and there
is evidence to indicate that interference with the normal rapid oxida-
twve destruction of lactic acid produced in the respiratory center
may be a fundamental cause of hyperpnea and dyspnea Gesell (1925,
19280, b) has elaborated this concept. In addition, the lactic acid
formed in muscles that are exercised under anoxic conditions acts
aS a strong respuratory stmulant (Barman e? ol, 1942, 1943).
Even in normal subjects, lowering of blood lactate levels durmg ex-
ertion by means of inhalation of otygen results i lessened hyper-
ventilation (Hewlett et al, 1926; Asmussen and Niclsen, 1946).
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ence in most patients with cardiac dyspuea. A low jugular osygen
content was alse found by Raab (xg3t) in his dyspneic cardizs.
It is pertinent to point out that slowing the cerebral circulation in
animals leads to hyperpnea (Schmidt, 1928; Greeley and Greeley,
1930). Additional evidence is offered by the many observations
proving the presence of increased blood lactate and pyruvate levels
at rest, and more constantly and strikingly after exertion; similar
significance is also to be attached to the impaired lactate tolerance
and abnormally prolonged oxygen debt after exercise in patients
with congestive failure. The fact that some decompensated patiests
store oxygen when exposed fo air containing high concentrations
of that gas is also pertinent. Finally, in some patients at Jeast, 3
lowered arterial blood oxygen saturation pomts to tissue anoxia, par-
ticularly since cardiac patients do not exhibit the increase in circ?-
Iation which is a normal compensatory mechanism for anoxic anot
(Landt and Benjamin, 1938), indeed, decompensated cardiac pa
tients are abnormally sensitive fo oxygen lack (Graybiel ¢ &
1937; Landt and Benjamin, 1gs1). That degrees of anoxia such
as commonly exist in patients with cardiac decompensation ar
of importance in the causation of dyspnea is shown by the 5
sponse of such patients to the admibistration of air enriched with
oxygen, in most i there is an I fiate and striking im
provement in dyspnea. Climcal improvement under such cireum
stances is not consequent to an increase 1n cardiac output or 8 fall
1n venous pressure. The changes that occur in the venous blood
oxygen tension after a vartety of therapeutic measures are ¢ov
firmatory evidence in that return toward normal of the venol.13
blood oxygen temsion is usually associated with jmprovement 12
dyspnea. 5
The objection bas been raised that the hyperpnea of congestivé
failure could nat be anoxic in origin, since anoxia in normal subl.fcf‘
or animals is not usually assoctated with shallow and very faP[d
respiration such as occurs in congestive failure. This objection 3
not valid for two reasons: {i) expenimental anoxia is of short dur?-
tion, and there are indications that more chronic anoxia, eVﬂl_‘"
normal man, may give rise 1o rapid shallow breathing; (ii) tbe io
creased rigidity of the lungs in congestive failure prevents a norn
increase in tidal air volume, so that the increased respiratory activity




DYSPNEA m

least hyperpnea, consequent to the stimulation of pressor receptors
in the auricle or great vein, has been raised by Harrison ef al.
{19324, b) and by Megibow ef al. (1933). There is no conclusive
evidence that the experiments described by these authors ruled out
slowing of cerebral circulation when the right auricle or the great
veins were distended. Moreover, in normal man, infusion intrave-
nously of large amounts of fluid, so rapidly as to distend the veins
and raise the venous pressure to levels found in congestive failure,
does not cause dyspnea or hyperpnea (Altschule et of , 1938, 1942).
It is not demonstrated that refleses from this part of the circulatory
system are impheated in the dyspnea and hyperpnea of cardiac
decompensation.

Reflexes from other proprioceptors — The question whether other
proprioceptors, located 1n or near skeletal muscle, may be involved in
the hyperventilation of exercise in normal condutions is still a matter
of dispute (von Euler and Liljestrand, 1946). The contention of
Harrison et al (1932¢) that these mechamsms are important in the
genesis of cardiac dyspnea has little to support 1t.

Tissue carbon dioxide, — Direct measurements of tissue carbon
dioxide tension, though scanty, suggest that elevated levels occur
(page 85) Although, in general, the venous blood carbon dioxide
content is within normal Limits in congestive failure, McMichael
(1939) pointed out that many dyspneic cardiac patients have elevated
jugular venous blood carbon dioxide tensions A number of zuthors
{page 76) have suggested that the low arterial blood carbon dioxide
content and tension of cardiac decompensation constitute a com-
pensatory ism to prevent lation of carbon diwtide in
the tissues, particularly the bram, consequent to decreased flow
Lowering of arterial carbon dioxide content and tension 1s a conse-
quence of hyperventilation, which thereby masks the tendency to-
ward accumulation of carbon dioxide 1n the tissues It is possible,
therefore, that this tendency 1s a cause of hyperventilation and
dyspnea 1n congestive failure

Imparred heat dispersal — A cause of cardiac dyspnea that is
usually overlooked is al ion of the heat-dispersal i due
to a decreased blood flow through the skin. Observations on the oc-
currence of low skin temperatures i spite of high rectal temperatures
in cardiac decompensation strongly indicate the existence of this
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That lactic acid in the blood is a stronger respiratory stimulant thas
mineral acids is well known; a recent discussion of this matfer by

(1942} hasizes this difference and points out that
lactic acid has a stronger action because jt is rapidly duffusible
across the cell membrane,

Changes in the lungs — The increased pulmonary rigidity which
decompensated patients show may by itself cause or aggravate
dyspnea. The impaired expansibility which is consequent fo in-
creased rigidity makes inhalation more arduous, and the associated
loss of pulmonary elasticity makes expiration more difficult, These
effects cause dyspnea both in themselves and by giving rise to shal-
low and rapid respiration, which js inefficient, The fmpaired pu-
monary expansibdity becomes pecially troublesome during ever-
tion, where the normal response is a considerable increase in tidal
ar volume, The masimal possible respiration per minute is low in
patients with cardiac decompensation and the elevated resting res-
piratory minute velume that results from inefficient respiration fur-
ther encroaches on the Fespiratory reserve available for use during
exertion,

Abnormal stimut; Jrom: the tungs It has been shown in experi-
ments on animals that hyperpnea results from the activation of
reflexes originating in the Jungs Intrapulmonary factors giving tise
to stimuli that may activate these reflexes appear to be (i) abuor-
mal rigidity of the lungs, which activates the Hering-Breuer reflex,
and (i) distention of pulmonary vessels, which activates the
Churchnfl-Cope reflex (page 67), The nervous pathways involved
in these reflexes are present in all individuals; in cardiac decom-
pensation changes occur within the lungs, resulting in the trans-
mission of afferent Impulses to the brain which evoke a motor
response, namely, hyperpnea Perception by the patient of this in-
creased resprratory actwity may result in a sensation of dyspnea
There is no evidence to indicate that the congestive changes in the
lungs result in dyspnes by giving rise to afferent impulses directly
to the sensorfum. Although reflex mechanisms have been demon-
strated to be Impartant in the mamfestations of cardiac asthma (page
222), there are no data bearing on their significance in the dyspuea
of chronic congestive failure.

Reflexes from the great veins, —The question of dyspaes, or at
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a convincing manner changes in a given physiological measurement
with the degree n! dyspnea is due not only to the fact that dyspnea is
a ion and, at ble, but also to the fact that the
importance of each facmr in the production of dyspnea vanes from
patient to patient.
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factor (page 29}, The hyperpnea that is a response to inability to
disperse normal amounts of heat via the skin in cardizc decompensa-
tion {page 29) must cottribute to dyspnea The fact that many
patients with severe decompensation claim to pexience refief of
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in a striking improvement in dyspnea. The possibility that at Jeast
past of the improvement following diuresis is due to dissipation of
edema of the alveolar walls is also to be borne in mind,
Conclusions. — 1t is apparent that cardiac dyspuea, like the pre-
viously discussed cyanoss and edema, js a consequence of the opera-
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that such redistributions of blood do occur with changes in position
seems {o be established. Mills {1944) has shown that the reéntry into
the circulation of blood released from an occluded extremity causes
brief hyperpnea in normal individuals, and Mackay (1943) reported
2 sense of suffocation under such circumstances. Mills (1944) con-
cluded that this ph was a e of stimulation of
pressor receptors in the pulmonary arterial tree, but his experiments
are far from conclusive in this regard.

That chemical factors rather than stimulation of pressor receptors
account for the hyperprea and dyspnea occurning after the release of
occluded blood is suggested by several observations. large intravenous
Infusions do not cause dyspnea or hyperpnea (Altschule et al., 1938,
1943); increased respiration following stimulation of pressor receptors
should lower the carbon dioxide content of alveolar air, but the release
of occluded blood from an extremity is followed by a significant rise
in alveolar air carbon dioxide (Mackay, 1943). At any rate, the
hyperprea that may result from redistribution of blood with a shift
in position is very brief in duration and wears off as soon as the
relatively small excess volume of bleod carried to the lungs at one
time s redistributed among the thoracic viscera and muscles, the
head and neck and the arms It does not seem to be an important
factor, for reproducing 1t by heavy pressure on the engorged hver of
congestive failure does not cause dyspnea.

Increased pulmonary congestion — The frequent association of
orthopnea and pulmanary congestion has properly led many authors
10 regard congestion of the lungs as an wmportant factor in the genesis
of dyspnea in the recumbent position There has, however, been no
general ing the hani whereby pul y
« induces or dyspnea in e . A number
of authors have stated that dysprea of recumbency results from
increased pulmonary congestion in the recumbent position, conse-
Quent to a shift of blood from the lower part of the body (Hill, 1895),
Pressute on (Reid, 1940) or unfavorable hydrostatic relations within
(Dock, 1935) the pulmonary veins, kinking of the pulmonary vessels
(Rubow, 1909}, or an imcrease in the volume flow of bload through
the lungs in the recumbent position (Field and Bock, 1925, Lawrence
et al., 1927, Nielsen, 1936). The last-named cause appears to be
tuled out (page 176).
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pointed out the decrease in minute volume blood fow through the
lungs of normal subjects when they pass from the lying fo the sitting
or standing position. Many authors have since corroborated this
observation (57) The apparently discrepant resulis of Grollmas
(5928) and of Schelling and Heinemeier (1933} are due to changes
in oxygen consumption which mask the variations in arteriovencis
oxygen difference, as Nylin (1934) pointed out. Wide variations in
cardiac output with changes in position were noted in studies made
with the ballistocardiograph (Starr, vo43; Statr and Rawson, 1947),
but the accuracy of these results is questionable. All available date
obtained by reliable methods show that in normat individuals the
cardize output relative to oxygen consumption is largest in recurt
bency, intermediate sitting, and smallest standing. A. V. Bock and
his co-warkers (Field and Bock, 1925, Lawrence, ef ol , 1927) 20d
Nuelsen (x936) regarded the changes that occur in cardiac output
when the patient moves from the sitting to the recumbent position 23
of impottance in the genesis of orthopnea, since an increased fow
through the lungs in recumbency might cause congestion. The eatlier
observations (Bielschowsky, 1932; Bock, rg34; Lawrence ¢ df,
1927, Mobitz, 92y, Nielsen, 1936) of the effects of changes in pos-
ture on the output of the heart in cardiac subjects are fragmentaty
and difficult to interpret, because many of the patients had only mild
failuve and some are not desenbed in sufficient detail to permit anak
ysis. However, the mote recent experiments of Goldbloom ¢ &
(1940) and McMichael (rg38¢, &) in patients with wmoderate OF
severe failure show that the normal changes do not occur, as is pos
sibly to be expected from the known decreased responsiveness of the
cardiac output of patients with congestive failure to other stimull
Accordingly, it 1s concluded that the shift in position from sitting 1_0
lying does not cause increased blood flow through the lungs. T4
conclusion kas no bearing on the relief of dyspnea due to the changes
that result from profonged still-standing, or sitting with legs hanging:
which probably consist in some decrease blood volume (page 220}

Redistribution of blood — Although increase in the flow of blood
through the lungs does not appear to be a factor in the genesis of
orthopnea in cardiac patients, it is possible that the shift of blood
into the trunk that occurs when a person changes from the sitting to
the recumbent position may cause a brief sensation of discomfort;
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marked decrease in lung volume in one orthopneic patient on lying
down; this was associated with decreases in reserve air and vital
capacity and an increase in complemental air, similar in magnitude
to those observed by Altschule et al. (1943). Mcdichael’s (19385)
finding of a decrease of 50 per cent n the residual air in recumbency
suggests some gross error in its measurement, as does the fact that
the ratio of functional residual air to total capacity in his patient,
which was definitely abnormal in the sitting position, became quite
normal in \e . A ingly, his concl that an increase
in pulmonary conges!lon oceurred in recumbency in that patient
cannot be accepted.

Hamilton and Morgan (1932), Hamilton and Mayo (1944), Dow
(1939), Mackay (1943), and Campbell and Harvey (1948) felt that
the changes in vital capacity that occur in recumbency in normal
subjects are related to an increase in the amount of blood in the
lungs. However, their conclusions, based on the fact that placing
tourniquets on all the extremities resulted in increases in vital ca-
pacity of only 3 to 11 per cent, must be considered too sweeping,
particularly since they present no analysis of the pattern of changes
in the subdivisions of the lung volume in their studies. The fact that
application of tourniquets changes the vital capacity shghtly, or pre-
vents some of the postural changes, surely does not prove that the
changes in lung volume are due to shifts in the distribution of blood.

Changes in re:[:xmtory dynamics. — Although no increase in pul-
monary in b has been d d, it is not
to be concluded that changes in pulmonary dynamics in that position
are unrelated to the genesis of orthopnea The decrease in reserve air
and increase in complemental air 1 recumbency m normal subjects
were shown by McMichael and McGibbon (1939) to be caused by a
cephalad shuft of the diaphragm, due presumably to the pressure of
the abdominal viscera; this study confirmed the earlier work of Hal-
dane et al. (1919} and of Livingstone (1928). The occurrence of
similar changes in recumbency in congestive failure also appears to be
due to 2 shift in the diaphragm. Thus, forcing the diaphragm upward
by application of an upper abdom:nal binder in cardiac subjects in
the sitting position caused approximately the same decrease 1n reserve
air, without change in the residual air, as did assuming the recumbent
position (Altschule et al, 1943). The increase in complemental air
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The increase in pulmonary congestion by one or more of these
factors is believed to induce the dyspnea of recumbency, either by
influencing adversely the respiratory exchange (Dock, 1033), by
activating reflexes initiated by changes in the parenchyma or blood
vessels of the lungs (Dack, r935; Christle, 1938; Field and Bock,
1025), or by catising increased rigidity of the lungs (Dock, 1933
Christie, 1g38). Calhoun et ol {1931) and Christie and Beams
{1923) found abnormally large decreases in vital capacity in orthop-
neic patients when the recumbent position was assumed; the fisd-
ings of the latter are difficult to evaluate, since nonorthopneic pau'ﬂ}fﬁ
with congestive failure showed Hittle or no decrease in vital capadity
under these circumstances, Harrison’s (1933) data are not in agreer
ment with the Jatter finding

This point was recently reinvestigated (Alischule of o, 1043) by
studymg the pattern of changes in the subdivisions of the Tung volume
in recumbent cardiac patients. Congestion of the lungs causes 2 char-
acteristic change in the relations between various companents of the
lung volume (page 53): the vital and fotal capacities are greatly
reduced because of cortesponding changes in the complemental and
reserve airs, and the residual air s somewhat increased, The r€§fd“’l
and functional tesidual air volumes are greatly increased relative lo
the total Jung volume It was felt that a further change in this dires
tion should be detectable if increasing pulmonary occurred
on lying down. On the other hand, if no increase in congestion of the
lungs occurred in cardiac patients who changed from the sitting to
the recumbent position, they would show only the changes assacia.xed
with recumbency, that is, small decreases in vital and total wp_ﬁm}’»
diminution in reserve and functional residual airs, no change fn re-
sidual air, and an increase jn complemental air (58; McMichael a.nd
McGibbon, 1939). Both orthopneic and nonorthopneic patients W"ld’
heart disease showed changes- which, thaugh smaller, were qualits-
tively the same as those that occur in normal subjects, Accordingly;
it was concluded (Altschule et af, 1943) that no measurable change
in the degree of pulmonary congestion occurred when the orthopneit
or nonorthopneic cardiac patient lay down.

1t should be noted that Livingstone {r928) many years ago [oun_d
the same changes with variation in posture 1 the lungs of orthopneic
cardiacs as in normal subjects, McMichael {19388) reported 8
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maLes it dlfﬁcult to augment the tidal air, and the aforementioned
ff n re b may actually result in a de-
crense in hdal volume. Lower levels of arterial blood oxygen satura-
tion in the recumbent position, as compared to the sitting position,
bave been reported by Calhoun e el (1931) in patients with conges-
tive failure. These authors reported arterial blood oxygen saturations
of 88.6 to 94 o per cent n the recumbent position in seven orthopneic
cardhac patients, without associated pulmonary disease; these levels
increased to 93 5 to 98.6 per cent in the upright position in six of the
seven cases, the increases ranging between ¢ 6 and 8.r per cent In
some a iderable rise in respi y rate may occur in re-
cumbency, possibly as a consequence of anoxia, and this increase in
respiratory activity may increase the severity of dyspnea. In addition
to all these factors there appears to be a greater ease of movement in
the upright position, which contributes to the genesis of orthopnea.
Recumbency causes quahtatively the same changes in the respira-
fory dynamics 1n normal subjects as 1t does in patients with congestive
failure, indeed, the changes in normal subjects are considerably
greater than in patients with congestive fallure Nevertheless, or-
thopnea does not occur 1n the former and 1s frequently observed in the
latter. Neither the nature of the postural changes in pulmonary
dynamics nor their magnitude appears to be responsible for orthopnea
in patients with pulmonary congestion Rather, it is the state of
respiration and circulation at the time these changes occur which is
important n the genesis of orthopnea
Changes in cerebral blood flow. — Ernstene and Blumgart (1930)
stressed the importance of changes 1 cerebral blood flow in the gen-
ests of orthopnea They correlated level of venous pressure with
degree of arthopnea and luded that venous n the
brain might be relieved by sitting up; measurements of jugular pres-
sure by Myerson and Loman (1932) corroberate this conclusion, Of
great importance 1n this connection are the observations of Winsor
and Burch (1946) who found that while the venous pressure remained
unchanged in normal subjects who moved from the recumbent to the
sitting position, the pressure in the veins fell in cardiac patients with
this shuft in posture In addition, the data of other authors also show
that, even in patients with low vital capacities, factors aperating out-
side of the lungs are significant in the genesis of orthopnea. The data
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that occurs on lying down could not always be reproduced in these
experiments by the application of the upper abdominal binder, which,
in contrast to the abdonunal viscera, is inclastic and prevents full
expansion of the tungs It is worthy of note that the application of the
abdominal binder made the patients, normally comfortable whea
sitting, dyspneic in that position and increased their respiratory
minute volumes, It is to be concluded, therefore, that a cephalad
shift of the diaphragm, which occurs in recumbency and is due to
pressure of the abdominal viscer, 15 responsible in part for orthopns

Other authors have shown that the shift in the level of the diaphragn
in recumbency results in a decrease in the volume of the functiona}
residual air (Chnstie and Melntosh, 1934) and an associated lessenr
ing of the negativity of the intrapleural pressure in that position
(Aron, 1891, 1goo, Chustie and Melntosh, 1534, Prinzmetal {”d
Kountz, 1034, 1935). The intrapleural pressure in patients with
congestive failure is, however, less negative than normal and may be
positive during exprration, even i the sitting position (Christie and
McIntosh, 1934), further changes in this direction cause increased
respiratory embarrassment and inefficiency The claim of Prinzmetal
and Kountz (1934 ) that changes in intrapleural pressure in onhmg»
neic patients ave greater than in normal subjects with shilts in posi-
tion is not supported by the data they presented.

Tmpaired respiratory function is probably the cause of the smatler
tidal volumes in recumbency, as compared to the sitting position, i
e majority of orthopneic cardiac patients noted by Calhoun 23 0’1
(ro3r) and also by others (Altschule ef of., 1943). A decrease it
tidal air volume in ¥ b favars less complete aeration of blood
passing through the lungs On the otber hand, the relatively small
decreases in lung volume and its subdivisions that occur whes orthop:
neic patients lie down indicate that decrease of space avaslable fof
breathing does not cause orthopnea, as Christie and Beams (1923}
and Cathoun ez al §x931) believed, B

When normal subjects change from the sitting to the lying position,
respivation is often slowed and the tidal air increases. If this increase
in tidal air cannot occur, even normal subjects may develop e\‘ldf’.‘“
of anotemia (Haldane et of, 1019) 1t is, therefore, not surprising
¢hat sncreased dyspaea occurs in many patients with congestive failure
in recumbency, since the increased rigidity of their lungs (page 53
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be interpreted, since favorable changes also occur in the lungs and in
spinal fluid pressure under these circumstances.

Cerebral venous engorgement appears to be a factor responsible for
orthopnea, However, it does not cause orthopnea unless other factors
are also operating.

Changes in cerebrospinal fluid pressure. — Increased cerebral ven-
ous pressure results in an elevation of cerebrospinal fluid pressure
(page 49). Harrison (1933) has expressed the view that this increase
in spinal fluid pressure is a primary factor in the genesis of orthop-
nea, since lumbar puncture relieves the symptom for a time, It is
possible that the relief of dyspnea and orthopnea which occurs after
removal of spinal fluid is a consequence of 2 temporary increase in
local blood flow related to lowering of intractanial pressure; elevation
of spinal fluid pressure is known to slow the cerebral circulation
(Shenkin ez e! , 1946).

Mechanical factors,—1t is more than likely that mechanical
factors are of some importance as causes of orthopnea. The pressure
of abdominal viscera, or ascites, or both, on the diaphragm when the
patient is recumbent may interfere with 1ts movement to some degree.
The occutrence of orthopnea in patients with ascites due to other
causes, such as cirrhosis or neoplasm, favors this view. The somewhat
greater ease of thoracic movement in the upright position may be
important, but is not by 1tself sufficient to explain orthopnea.

Conclusions — It appears to be valid to regard orthopnea as a
consequence of the combined action of a number of factors; addi-
tional factors may be present but still unrecognized The occurrence
of orthopnea, although i dly by the above-d: d
factors, is conditioned by iundamemal changes due to congestive

failure. These are (i} increased venous and spinal flusd pressure and
(if) increased rigidity of the lungs and lessened negativity of the
intrapleural pressure, It is apparent, therefore, that more marked
myocardial insufficiency, or an exaggeration of (i) or (i) not due to
increased failure of the heart, must result in more severe orthopnea
as long as the patient remains conscious. Conversely, the relief of
orthopnea may be a consequence of improved cardiac function or it
may occur as a result of lowered venous or spinal fluid pressures or

lessened rigidity of the lungs, independent of changes in cardiac
function
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of Robb and Weiss (1934) show that, for a given ratio of vital
capacity to body surface, patients with peripheral signs of congestive
failure, including elevation of the venous pressure, generally eshibit
more severe orthopnea than do patients with no peripheral sigas of
congestive failure and normal venous pressure. Ernstene and Blum-
gart (1930) pointed out that when orthopneic cardiac patients who
are recumbent merely flex the neck forward, orthopnea may be re-
lieved; this maneuver does pot change the vital capacity, but does
raise the level of the medullary centers with respect to the auricle and
facilitates venous drainage. These observations have been corrobo-
rated by Calhoun ef al. (1931) and by Battro and Labourt (1943);
the last named also showed that flexing the head forward lowered
the respiratory minute volume and did not change tbe vital
capacity.

Altschule and Blumgart (1937) studied a patient with marked ez~
gorgement of the face and scalp veins due to tricuspid stenosis. It was
found that positions in which collapse of the engorged veins over the
face and scalp occurred were associated with relief of orthopred
whereas engorgement of these veins was always associated with the
presence of that symptom. Many authors have reported the occur-
rence of orthopnea in patients with superior caval obstruction; 3
recent study (Altschule ef af, 1945) of this disorder again stresseS
the role of venous stasis m causing orthopnea Calhoun ef a/. (193¢
found increased respiration in normal and cardiac patients with u.vuf-
niquets about their necks, but respiratory distress did not occur, it &
possible that any dyspnea that occurred may have been subordimated
to other discomforts brought on by this procedure

An argument advanced against acceptance of the importance of
changes in cerebral flow in the causation of dyspnea is the fact that
normal subjects do not experience that symptom in the head-downt
position; actually, however, they do hyperventilate sufficiently to
lower the alveolar carbon dioxide content (Donal ef af, 1934)- The
validity of this argument is further weakened by the fact that normal
persons develop severe resprratory distress when even mintmal exer
tion is attempted in the head-down position (Donal et al., 1934)«
Relief of orthopnea often occurs after procedures that lower venou.ﬁ
pressure, such as venesection (page 227) and administration of di-
uretics (page 196), are instituted; these phenomena canmot, however,
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has been to study the cardiac output in patients shortly after admis-
sion, administer the drug, and then measure the output of the heart
again. Many of the patients so studied also received the benefit of
other therapeutic procedures, such as bed rest, sedation, limitation of
salt and the administration of diuretics, any or all of these may in
some of the patients studied have been more important than digitali-
zation itself in securing clinical improvement. In order to control
such experiments adequately, further studies of the cardiovascular
dynamics should have been made after withdrawal of the drug
However, the recent introduction into widespread clmical use of
digitalis preparations, which act rapidly, makes this precaution
unnecessary.

Almost all authors record a nise 1n cardrac output or a fall in arterio-
venous difference in many or most patients after the administration
of digitalss (59, McMichael and Sharpey-Schafer, 1944, Bloomfield
et o, 1948; Stead et al., 1948). The results of Friedman, ef ol
(19350) are, however, discordant, for they found no change Syste-
matic studies after administration and again after withdrawal of the
drug have been carried out by only a few investigators (Ringer and
Altschule, 1930; Stewart and Cohn, 1932) and these too show a nse
in cardiac output mn most patients with cardiac decompensation as a
consequence of the action of digitalis In addition, a number of ob-
servers have reported an increase mn cardiac output 1n recovery from
decompensation (Kroetz, 1930; Seymour e al , 1942; Mernll, 1946),
and it 1s probable that most or all of the patients described received
digitalis as part of their treatment It appears to be valid to conclude,
therefore, that the favorable action of digitalis is associated with a
rise in cardiac output. The output of the heart, however, is not always
significantly increased and often is not restored entirely to normal;
indeed, in some instances the increase 1s shght —less than 2o per
cent This finding should not be surprising, for it is in harmony with
clinical experience. Most patients, especially those with auricular
fibnllation, show clinical evidence of improvement following the ad-
ministration of digitalis, but complete clinical recovery is uncommon
Most patients with cardiac d ion c
Limutation of actiwity in spite of digitalization, and many require in
addition restriction of salt and repeated administration of diuretics
if chinical improvement 15 to be maintained
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36. Effects of Therapy. Status of the “Adequately”
Treated Panent

Effects of digitalis. — Many studies have been made of the effect
of digjtalis on cardiac output or arteriovenous difference in patients

with chropic cardiac decomp i but the ilable data are
difficult to evaluate clearly. In most instances, the procedure tollawed
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stances administered in full doses is primarily a restoration of cardiac
output to or toward normal, with a ponding partial or )l
removal of abnormalities in other phases of cardiorespiratory dy-
namics.

Effects of oxygen. — The administration of oxygen often results in
striking relief of dyspnea and may be followed by a diuresis (Barach,
1931; Barach and Richards, 1931; Richards and Barach, 1934). The
cardiac output (Barach and Richards, 1931) and vital capacity
{Barach and Woodwell, 1921; Katz et al., 1932) are not altered by
oxygen therapy, and the venous pressure shows no consistent change
(Katz ¢t o!, 1932) unless diuresis oceurs, so that it must be con-
cluded that the effects of the latter are the result of changes which
occur in the blood and tissues The arterial (Schoen and Derra, 1930;
Barach, 1931; Barach et a!, 1921, 1931, Cohn e of , 1932, Richards
and Barach, 1934) and venous (Barach and Woodwell, 1921) blood
otygen saturations rise to or toward normal when patients with
cardiac decompensation breathe air enriched with oxygen The respir-
atory minute volume usually decreases significantly (64, Richards
and Barach, 1934), while the expired air carbon dioxide rises (Camp-
bell and Poulton, 1927), according to the last-named authors, how-
ever, these changes do not occur in cardiac patients 1n whom cyanosis
is the consequence of a congenital shunt and is not associated with
pulmonary congestion.

The decrease in ventilation, consequent to oxygen therapy, results
in a rise in carbon dioxide content 1n the arterial blood (Barach, 1931,
Barach et al., 1921, 1931; Cohn et al, 1932; Richards and Barach,
1934), but the blood pH is not changed markedly (Barach and
Richards, 1931). Decreases in blood lactate occur as a consequence
of relief of anoxia (Barach, 1931; Barach and Richards, 19313 Jervell,
1928). Related to this phenomenon is the observation that carbon
dioxide output during exercise is increased in patients with cardiac
decompensation breathing air containing high concentrations of oxy-
gen (Campbell and Poultor, 1927) If dwresis occurs as a conse-
quence of the administration of oxygen, it is accompanied by the
changes usually associated with it (page 195), namely, increased
unmary excretion of chloride, fall 1n plasma chloride, rise in plasma
protein and fall in venous pressure.

Emphasis must be laid upon the fact that the small degrees of
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It is necessary to have in mind clearly the significance of the effect
of digitalis in increasing cardiac output. Many other factors, such as
oxygen lack and anemia, increased venous return, elevation of metab-
olism with exercise, fever, thyrotoxicosis and utilization of food,
acidosis, anxiety, the injection of adrenalin, also increase cardiac
output. In patients with damaged myocardium these factors con-
stitute an additional strain on the heart and are, therefore, harmful.
Digitalis, on the other hand, increases the cardiac output and thereby
benefits the entire body, but the heart is not put under any deleterious
burden; increase in cardiac output is associated with or caused by an
improvement n the metabolism of the cardiac muscle itseli, that is,
an increase in efficiency.

Data on the effect of digitalis on peripheral blood flow in patients
with congestive failure are scanty, No change was found by Eichna
and Taube (1943, 1944) in the flow through the hand or calf; data
on possible changes in metabolic rate were not reported by these
authors, however, Stewart ef al. (1946) reported a considerable in-
crease in the peripheral circulation as a whole after digitalization. All
observers agree that digitalization shortens the circulation time (60;
Stewart ef al, 1938, 1046, Wood, 1940) and lowers the venous prE'S-
sure (61; Stewart and Cohn, 1932; Kinsman and Moore, 1935); in
the case of digitalis preparations, which act rapidly, it is possible to
demonstrate that the fall in venous pressure precedes diuresis (Eicha2
and Taube, 1944) The right auricular pressure also falls (Howarth
et ol , 1947), as does the peripheral resistance also (Howarth ef d,
1947; Bloomfield ef al., 1948).

After digitalization the vital capacity becomes increased (62;
Friedman et al, 19352). The respiratory minute volume decreases
(63; Boyer and Bailey, 1943), and alveolar carbon dioxide content
rises (Ringer and Altschule, 1930, Smith et af, 1930). The basat
metabolic rate also falls (Grassman and Herzog, 1932; Ringer and
Altschule, 1930; Stewart ef al., 1946) After exercise the oxygen quf
is lower in a patient who has been digitalized than in the same patient
before administration of the drug (Nylin, 1939). The blood volume
diminishes after admunistration of digitalis (Ewig and Hinsberg, 1931;
Brandt, 1931; Mies, 1931); the claim of Mies (1931) that the blood
is merely driven into hidden depots appears to be unfounded.

Tr arsars. therefore. that the effect of dicitalis or similar sub-
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ciable dosage, it raises the plasma chloride level somewhat (63, Den-
niget ol , 1929 Jand the changes that occur in the plasma are teflected
in edema fluid (Gilligan ¢t af, 1934) but not in the spinal fluid (de
Thurzo anq Katzenelbogen, 1935) There also occurs a marked 1n-
crease in utipary chloride (66, Denmg ef af, 192¢) and an increase
in urinary acid (Keith and Whelan, 1926, Dennig e? ol., 1929) Con-
siderable, though lesser, amounts of body base are excreted with
chloride (67; Gamble e al, 1925), most of the base consisting of
sodium, with smaller amounts of potassium and calcium The electro-
fyte pattern of the urine dunng the administration of ammonium
chloride indicates that appreciable amounts of extracellular and
smafl amounts of intracellular fluids are bemg excreted (Gamble et af,
1925; Keith and Whelan, 1926; Denmg ¢f ol , 1929) When given in
large doses, 2mmonium chloride causes a decrease 1n plasma volume
with evidences of hemoconcentration, that is, a rise in plasma protein
level, in normal individuals (Lyons ef al, 19445) It 1s impottant
also that the changes in electrolyte balance (Dennig e af, 1929;
Ethndge et a?, 1936) and in plasma volume (Lyons et al, 19448)
fnduced by continuous administration of ammonium chloride reach
2 masimum in three or four days and then become less marked

When used in moderate or large doses, ammonium chloride lowers
the hiood bicarbonate level (68, Barach et al,, 1946) and in doses of
8 Gm or more a day, it may lower the blood pH (69, Barron ef dl.,
1937); smaller doses do not affect the pH (Dennig et of., 1931)
Lowered blood pH is accompanied by an increased respiratory minute
volume (70; Fglling, 1929) and lowering of the alveolar (71, Hal-
dane, 1921) and arterial (72, Keith and Whelan, 1g26) carbon
diovide contents, the arterial blood osygen saturation may fall
shightly (Cullen et al, 1931) or remain unchanged (Barach et al.,
1946) * The increased respiratory activity that the drug causes when
glven in large doses may make patients With congestive failure more
uncomfortable Indeed, it has been shown that as little as 7 5 G
per day appreciably reduces the potential axygen debt, that 1s, the
ability to do work, in normal individuals (Dennig ef al, 1031)
Smaller doses may have a similar effect in cardiac patients.

* These changes refer to conditions at sea Jevel and have no beanng on the
dsputed effectiveness of ammomum rhlonde 1 relieving altitude sichness
(Barach et g1, 1946, Barron ¢t al, 1937}
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arterial blood deoxygenation that commonly obtain in patients with
cardiac decompensation give no accurate indication of the possible
beneficial effects to he derived from oxygen therapy. The biological
action of oxygen depends not on saturation directly but on the
oxygen tension Thus, while in normal subjects the arteria) hlood oxy-
gen tension is in the neighborhood of 100 mm-of: ury and the
blood is over 95 per cent saturated, when 1co per cent otygen &
breathed, the percentage saturation increases only slightly but the
tension rises to approximately 700 mm-of-mercury. This ph

is explainable by the fact that additional oxypen is carried in physical
solution in the plasma, the amount of dissolved oxygen being deter-
mined by the percentage of that gas in the alveolar air. It is apparent
that although the arterial blood oxygen tension in patients with con
gestive faflure is usually somewhat below the normal, exposure to
high oxygen tensions in the air breathed charges the blood with large
amounts of dissolved oxygen. Further, even in those patients in whom
no deficit of arterial blood oxygen exists, the addition of dissolved
oxygen makes more of that gas available to the tissues, so that the
capillary blood becomes less markedly deotygenated than it would
otherwise be.

On the other hand, prolonged exposure to very high oxygen con
centrations, that is, in the neighborhood of too per cent, it the jn-
spired air, has certam deleterious effects Since the nitrogen in the
Tungs is washed out, atefectasis is favored, moreover, the gas in high
concentrations is irritating to the lungs (Watt et al., 1043; Beam
1945). In hugh concentrations oxygen has a vasoconstricting effect o8
the cerebral vessels and the flow through the brain falls (Behnke
et al., 1035; Kety and Schmidt, 1946). The cardiac output is als0
somewhat diminished (Otis et al., x946; Whitehorn et of., 1046)
These deleterious effects can be avoided withont sacrificing too much
of the heneficial action of high oxygen tensions by the use of mixtures
containing 60 or 70 per cent of oxygen,

Effects of diuretics — (1) Ammonium chloride diuresis. Amfxx?-
nium chloride is commonly regarded as a diuretic drug, which it s
when given in fairly large doses, that is, more than 5 Gm, per day.
In smaller doses it has no significant diuretic action, nor does it
ordinarily enhance the action of mercurial diuretics (Goldring, 7929
Berglund and Sundh, 1935; Ethridge, 1936). When given in appre”
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Gm, five times a day for two days, beginning the day before a mer-
curial diuretic is to be injected.

(2) Mercurial diuretics. Although the chemical methods used in
studying diuresis are far more accurate than the physiologic methods
used in studies on circulation and respiration, there is much mare
disagreement concerning the mode of action of diuretics than in any
other branch of cardiovascular physiology. The literature on the
action of mercurial diuretics is large and confusing, Many of the
teported studies are meticulously done, but an equally large number,
particularly those dealing with the initial changes, appear to be
blended of a smattering of observations and much a priori reasoning,

(a) Consequences of diuresss. (1) Urine ckloride and base excre-
tion, Almost the only point agreed upon by all workers is that the
injection of a mercurial diuretic 1n normal or edematous anmals or
men is followed by the formation of an increased volume of urine,
which, though of a lower specific gravity than control specimens, has
a higher concentration of chloride, so that a very large output of
chloride results (73, Blumgart ef al, 1934, 1036) There 1s a smaller
increase in the output of base (74; Herrmann and Decherd, 1937),
chiefly sodium, with considerably smaller amounts of potassium and
calcium excreted There 1s a constant relation between the chloride,
water and base excreted 1n edematous cardiac patients (Blumgart
¢t al,, 1936) as well as normal individuals (Blumgart et of, 1934).
Mercurial diuretics cause the loss of larger amounts of chloride than
do any of the other diuretic substances Following the diuresis a
period of retention of chloride and base 1s observed

(i) Late changes in plasma electrolytes The marked excretion of
chloride leads to a lowering of plasma chloride late in and following
the period of diuresis (75, Herrmann et ol , 193248, ) The decrease
1 plasma chloride level is most marked n edematous subjects since
it varies with the dwresis It is prevented by the simultaneous ad-
ministration of 7 to 10 Gm per day of ammonium chloride (Blum-
gart et al, 1936). Simultaneously with the fall in plasma chloride,
there usually occurs a corresponding rise in plasma bicarbonate The
Plasma sodium level 1s usually unchanged (Kesth and Whelan, 1926;
Blumgart ef gl , 1936; Herrmann and Decherd, 1937), although occa-
stonal decreases occur (Blumgart et af , 1936), a slight rise in plasma
Potassium has also been noted (Nothmann, 1933). The washmng out
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Another deleterious effect of the use of ammonium chloride in large
doses is the Increase in cardiac output that it causes, This increase is
due mainly to decreased carrying capacity for carbon dioxide and
also to some extent to increased osygen consumption, associated wth
hyperventilation (Norlin, 1933). The large doses of the drug required
to make its diuretic action significant may often result in nausea or
other signs of gastro-intestinal irritation. Impairment of wtilization
of vitamin C may occur (Hawthorne and Storvick, 1948). In addi-
tion, continued acidosis may possibly increase catabolism of body
proteins (Mackay et al., 1941). 3

There appears to he lttle justification for the use of ammonium
chloride in large daily doses as a diuretic in the treatment of edema
of congestive failure, these doses impair respiratory mechanisms, it
crease cardiac work, and may cause gastro-intestinal upsets and
protein wastage. The use of small doses —1 to 3 Gm. a day—15
also not recommended. These small doses do not have a significant
diuretic effect. The action of ammonium chloride as a diretic, when
given in small doses, depends largely upon its making avail?ble
chloride for the purpose of carrying off sodium from the bedy. Siace
only a portion of the mgested ammonium chloride is so utilized, it i
to be expected that a dose of 3 Gm , for instance, would result in the
excretion of the sodium contained in only 200 cc. of edema fluid.

Ammonium chloride is nevertheless useful in the treatment of
edema when used together with more potent diuretics, Since the vol-
ume of a diwretic response depends to a large extent on the plasfm
chioride level (page 196), it is apparent that ammonium chloride
may sometimes enhance the action of more potent diuretic drugs by
raising the plasma chloride level in patients who exhibit 2 diminished
response to mercurial or hine di asa e of fow
plasma chlonide level. This low level may be the result of the com-
bined effects of prolonged rigid salt deprivation and of lrequem!y
induced diuresis. This hypochloremia is particularly likely to occur i
patients who repeatedly recewve mercurial dwretics (page' .195)-
Blumgart, Gilligan and Volk (1936) have shown that the administra-
tion of 7 to 10 Gm. of ammonium chioride prevents the fall in plasms
chloride Jevel that otherwise occurs as a consequence of the action of
mercurial diuretics. A reasonable plan, therefore, for the use of am-
monium chloride in the treatment of cardiac edema istogive1to2
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chloride (Berglund and Sundh, 1935; Evans, 1936; Reaser and
Burch, 1946) minimizes or altogether prevents diuresis following the
injection of mercurial diuretics. In such instances restoration of
chloride levels by means of ammonium chloride (page 193) restores
the effectiveness of such diuretics. An interesting experiment was
performed by Goldring (1929) in two patients no longer responsive
to mercurial diuretics because of low plasma chloride levels. He gave
5 Gm. of sodium chloride daily for three days, during which time the
patients gained several pounds of edema flnd, plasma chloride levels
rose. When, however, another injection of salyrgan was given, the
resultant diuresis carried off all the fluid gamned and 1n addition very
much more, A similar result was reported by Berglund and Sundh
(1935). The marked chloride losses associated with diuresis by mer-
curials may lead to lowering of plasma chloride and refractoriness to
druretics if combined with rigid restriction of soduim chloride intake;
it is obviated by avoidance of too rigid restriction of salt m the diet or
by the use of ammonium chloride (page 193) Similatly, depletion of
body sodum leads to ponsi to sub inj of
mercurial diuretics (Weston and Escher, 1948)

(b) Mechanism of diuresss. (1) Early chenges in plasma electro-
Iytes. Changes in plasma electrolytes during the first few hours after
the injection of mercurial diuretics, that is, before the onset of the
druresis, have been studted 1n an attempt to ascertain whether chlo-
ride or water is mobilized from the tissues The results are widely
discrepant Early rises in plasma chloride in animals and human
subjects have been found by some (78, Stockton, 1936) and have led
to the conclusion that mercunals act by mobilizing chloride from
tissue fluid into blood, On the other hand, an early fall in plasma
chloride (Nonnebruch, 1921, Crawford and McIntosh, 1925, Herr-
mann ef al, 1932¢, b) observed by others has led to the conclusion
that water is mobilized from the tissues Still others have found the
eatly changes in plasma chloride to be variable and inconstant (Claus-
sen, 9327 Bouyoucous, 1934), while excellent work has been done
that shows no early change at all (79, Blumgart ef ol , 1934, 1936;
Fulton et al., 1934). Tt is concluded that no early changes in plasma
electrolytes aceur before the onset of the diuresis due to mercurials.

_ (i) Early changes in plasma protein and erythrocyte mass. A fall
In plasma protein within a few hours after injection of mercurials and
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of large amounts of calcium with resulting tetany described by Noth-
mann (1932) has not been found by any other observer,

(iis} Late changes in plasma protein. The plasma protein fevel at
the end of the diuresis (76; Calvin ¢f al., 1940q, 5) in normal or
edematous animals or men is often found to be elevated abave the
contro! value, The finding of de Vries (1046) that mercurial diuresis
causes a rise 1n plasma protein level only in the absence of edema is
discordant The plasma specific gravity (Blumgart et al., 1936) and
colloid osmotic pressure (Bryan et al., 1935; Claussen, 1932; Meyer,
1931) show changes paraifel with those in plasma protein fevel A
slight rise in the ratio of atbumin to globulin has also been reported
{Claussen, 1932, Calvin et dl., 140e, 4}.

(iv) Late changes in the tissues, The edema fluid shows changes in
electrolytes carresponding to those that occur in the blood (Crawiord
and Meclntosh, 1923, Gilligan et al, 1934). The protein content of
the edema fluid rises (page 97) The tissue pressure falls (Burch
and Sodeman, 1937) as diuresis proceeds.

{v) Late ckanges in blood volume. The plasma and blood volumes
are decreased considerably at the end of diuresis in normal or edema-
tous animals or men (77. Lyons et af, 19442, 1946). The more
variable results recorded by Swigert and Fitz (1940) and by Spihler
et al. (1948) are discordant, Plasma and total red cell volume de-
crease approximately in proportion, the hematocrit varying a httle
in either dwection (Cardozo, 1939; Goldhammer et al, 1935) al:
though small rises are perhaps more common {Crawford and McIn-
tosh, 1925, Keith and Whelan, 1926; Lyons et al., 19444, 1946; de
Vries, 1946).

(vi) Late changes n circulation The cardiac output is unchanged
(Friedman ef al., 19355), but the venous pressure falls (Lyans e a,
19444, Volim and Levitt, 1939, 1940) and with it the cerebrospinal
fluid pressure (Vohni and Levitt, 1940). Swigert and Fitz (1940}
found variable changes in venous pressure and circulation time, Con-
gestion in the lungs appears to be somewhat ameliorated, for the
vital capacity increases by a few hundred cubic centimeters (Alsever
and Levine, 1938, Swigert and Fitz, 1940)

(vii) Variations in the volume of diuresis; role of selt. A }OW
plasma chloride Jevel (Bouyoucous, 1934; Evans, 1936; Goldring
1929; Keith and ‘Whelan, 1926) or the previous depletion of body
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the injection of larger amounts into a renal artery results in oliguria.
The crosscirculation experiments of Govaerts (1928), using one
arimal given a mercurial diuretic into the renal artery and another
not so treated, afford convineing evidence of the renal site of action of
mercurial diuretics. Mercurial diuresis is inlibited by BAL (Farah
and Maresh, 1948) and also by morphine (Ferrer and Sokoloff,
1947).

It appears that the action of the mercury in mercurial diuretics
slightly impairs tubular function without otherwise damaging the
kidney, so that the reabsorption of chlonde is diminished and a large
loss of chloride, water and base is witiated

(3) Xanthine diuretscs. A large number of substances fall into the
group of xanthine dwretics. There is no conclusive evidence that the
action of all of them is similar, but for the purposes of discussion
they hatve been grouped together.

(a) Consequences of diuresis. (i) Urinary chloride excretion, The
occurrence of diuresis following the injection of xanthine diuretics of
various types is associated with an increase in urine chlonde content
and total output (83; Blumgart ef al, 1934, Fulton et al.,, 1934);
the changes are not as striking as those that occur with mercurial
diuresis. The excretion of base is increased also (Blumgart ez dl.,
1934; Herrmann et al., 19324, 1937; Keith and Whelan, 1926, Three-
foot ef ol , 1g47; Fowell et al., 1948). There is a parallel excretion of
base, chloride and water (Blumgart €2 af , 1934).

(ii) Late changes in plasma chloride Some decrease in plasma
chloride level late during or after the period of diuresis has been re-
ported (Moller, 1927; Fulton et al.,, 1934) although Stockton (1936)
reported a slight rise, Herrmann et al. (1932¢) observed fluctuations
and Blumgart ef al. (1934, 1036) no change in normal subjects or
edematous cardiacs. The blood sodum level 1s described by all authors
as unchanged (Blumgart et al., 1934, 1936, Herrmann and Decherd,
1937).

{uf) Late changes in plasma protein and hemoglobin Increased
plasma protemn levels were found at the end of diuresis by Calvin
et al. (1940k), but lowered levels for plasma protem and plasma
colloid osmotic pressure were described by Meyer (19315). On the
other hand, the hemoglobin level (Motler, 1927) and plasma specific
gravity (Stewart, 1941) have been reported as increased after the
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before or with the onset of diuresis has been reported by some ob-
servers (80, Claussen, 1932) and has been taken to indicate hemo-
dilution by mobilization of water from the tissues, Similar changes in
plasma colloid osmotic pressure (Kylin, 1032; Meyer, 19312) and
red cell count (Bohn, 1923) or hematocrit (Simmert, 1935) have been
interpreted in a similar fashion. However, some authors describe early
elevation of plasma protein (Schally, 1935) or colloid osmotic pres-
sure (Oelkers, 1931) with a rise in the ratio of albumin to globuliz
(Schally, 1935), which is interpreted as indicating transfer of albumin
from the tissues into the blood together with a lesser amount of water.
The hematocrit is also said to be variable (Feher, 1929; Petersen,
1940). The best work indicates that no dilution occurs (Bleyer, 1922;
Bryan et al, 1935; Schmitz, 1933).

(i) Eorly changes in plasma volume Feher (1929) reported a1
early increase in plasma volume, but Levin (1941) and Evans and
Gibson (r937) found it unchanged.

(iv) Studses of renal function Conclusions. The urea clearance is
unchanged during mercury diuresis (Fulton et dl., 1934; Page, 1933)
or slightly decreased (Herrmann ef al., 1933); studies of inulin or
creatinine clearance have shown no change in glomerular filtration
(81; Farnsworth, 1946) Chloride clearance is, however, greatly in-
creased (Farnsworth, 1946), and reabsorption of chloride is markedly
decreased (82; Herrman ef ol , 19320, b, 1933, 1937; Blumgart etdl,
1934, 1936). Sodium clearance also rises (Threefoot e/ al., 194])'
This phenomenon appears to be the mechanism of diuresis following
the administration of mercurials, for although reabsorption of water
is also decreased (Farnsworth, 1946), loss of body salt precedes Toss
of body water in diuresis so induced (Reaser and Burch, 1946). At
tempts also have been made to show that an increase in insensible
water loss contributes to the disappearance of edema, but the ob-
served results are varable and not convincing (Gabriel and Kahler,
1934; Magendantz and Stratman, 1933). Bartram (1932} found that
the injection of small amounts of mercunal diuretics directly inll_) 3
renal artery caused an immediate increase in the flow of 2 dilute urine
from that side, with a later smaller increase in urine volume from th.e
other kidney. Melville and Stehle (1927) performed similar experi-
ments, but did not observe this response, probably because of the
S arce a dose. for Bartram (1g32) also showed that




EFFECTS OF THERAPY 201

the blood stream from the tissues. An early lowering of colloid
osmotic pressure is, however, described (Kylin, 1932) in rabbits.
Early decreases in hemoglobin (Mdller, 1927) and in plasma specific
gravity (Stewart, 1941) have also been noted

(iii) Early changes in plasma volume. A tise in plasma volume
was noted by Calvin et al. (1940a) early in the course of xanthine
diuresss,

{iv) Studies of renal function. Conclusion. The urea clearance is
described as unchanged {Fulton et al., 1934, Page, 1933) or increased
(Herrmann e of , 1933). Glomerular filtration is described as in-
creased in man by Herrmann e2 al. (19324, b, 1933, 1937), Chasis ez
al (1938), Escher et al. (1948), and Fowell e a! (1948), and in dogs
by Schmitz (1032); Blumgart et al (1934) found it unchanged in
normal man, and Berglund and Sundh (1935) found the changes
equivocal. No change was found in rabbits (Forster, 1947). Reab-
sorption is described as unchanged (Schmitz, 1932) or vanably di-
minished (Blumgart e? al., 1934, Herrmarn et al.,, 19324, b; Forster,
1947). The injection of xanthines into a renal artery 1n dogs yielded
diverse responses (Bartram, 1932}, theobromine sodium acetate acted
much like mercurials in that an immediate increase n urine flow
irom the injected kidney resulted, but theobromine sodium salicylate,

calcium and aminophylline caused no such
response but rather a delayed bilateral druresis. It is apparent that
the available data are too dictory to permit of any conclusion

s to the mechanism of action of the xanthines. However, as with all
substances that have diuretic effects, their action is associated with
an outpouring of chloride and lesser amounts of base The changes
are less marked than those induced by mercunals.

{4) Digitalis as a dwretic.— The diresis that follows the ad-
ministration of full doses of digitalis 1 a patient with congestive
failure is apparently related to the improvement in circulation that
results (page 189} ; an increase in renal blood flow (Herrmann ef ol.,
1932¢; Merrill, 1946) has also been noted Urea clearance (Herrmann
et al., 1933) and glomerular filtration are increased (Herrmann et al.,
19328, b, 1933) little or no change occurring in tubular reabsorption.
The urine chloride concentration and total output rise (Falta and
Quittner, 1917; Herrmann et al., 19325, 1933; Keith and Whelan,
1926; Steyrer, 1902; Stockton, 1932) and there 15 also an increased
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diuresis. It is probable that, after a diuresis due to the xanthines, some
hemoconcentration occurs.

(iv) Late changes in plosma and blood volumes. The plasma 2nd
biood volumes are decreased after xanthine diuresis, according to
Calvin ef al. (1940a) and Fowell ef al. (1948).

(v) Changes m circulation. Friedman et ol. (3935b) and Berseus
(1945) found no lasting change in cardiac output after administra-
tion of xanthine diuretics, but Stewart and Cohn {1932) reported 3
sigmficant persistent rise. Hoen (1936), Starr ef al (1937), Howatth
et al. (1947), Escher et al. (1948) and Fowell ef al. (1948) observed
increases in cardiac output shortly after the injection of theoplyllins,
and Stewart and Jack (1940) also found a considerable increase I2
peripheral blood flow in similar experiments. This change was, how-
ever, of short duration in the study of Stewart and Jack (1940) M.d
probabl lains the reactions to that drug more than it
does anything else, additional discussion along these lines is given
elsewhere (page 223). .

(vi) Role of chloride in dinresis. As in the case of mercurial di-
aretics, little or no diuresis will occur with xanthine when the plasma
chloride 1s Jow (Cuttis, 1927, 1929). Similarly, the administration of
chloride enhances xanthine diuresis; Frandsen and Mgller (191.5)
gave saline solution to rabiuts before the injection of 3 xanthfne
diuretic and noted a diuresis that contained the volume of salin®
solution given and a good deal more in addition. X

(b)Y Mechonism of dinresis. (1) Early changes in plasna chioride.
A rise of plasma chloride level after the injection of & xanthine
diuretic, but before the onset of diuresis, has been described in abbits
(Curtis, 1025, 1929; Bdller, 1927); this was taken to indicate
mobilization of chloride from the tissues. However, an early fall was
found in man (Stockton, 1936) and no consistent change in other
experiments on rabbits (Moller, 1927), dogs (Hansen e¢ al., 1931h
and human subjects (Blumgart ¢f af, 1934; Fulton et al., 19343
Herrmann ef al., 19324).

(i) Early changes in plasma protein and hemoglobin. Decreased
plasma protein levels were found by Calvin ef al, (19406) shortly
after the injection of xanthines, however, Meyer (19318) found in-
creased plasma protein and oncotic pressure at this time, Meyer
(2931b) considered that the latter indicated transfer of protein to
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decompensation are faulty because they emphasize only one aspect of
the problem. The Karell diet, namely, Soo cc. of skim milk daily,
should not be used for any length of time because it restricts fluids
to an undesirable degree and is deficient in calories, thiamine, protein,
and iron (Harrison, 1945). Starvation as a form of therapy in con-
gestive faflure is undesirable, since the published data show that it
depletes the protein stores (Proger and Magendantz, 1936). Diets
that limit salt intake to an extreme degree are generally unpalatable
and are deficient in protein and often thiamine also. Many of the
regimens suggested, including the acid-ash diet, are too complex to
be used by the patient at home The effects of the acid-ash diet can
be secured with much less trouble by giving suitable quantities of
ammonium chloride.

The diet for a patient with cardiac decompensation should be
adequate in regard to calories and of high protein and vitamin B
content Since many of these patients are anoretic (Harrison, 1945),
the diet should be varied, palatable, attractively prepared and con-
centrated in bulk Salt intake should be limited to 2 moderate degree;
little or none should be added in cooking, and none at the table In
the case of patients who are very ill, and in whom the rise in cardiac
output that occurs with large food intake (Grollman, 1929) is unde-
sirable, a regimen of six small meals per day may be helpful, Fluids
should be adequate in amount, forcing fluids has no benefit (Gorham
etal, 1947).

The eﬁec?s of such measures as venesection, injection of morphia,

of 1 , still ding or sitting with feet depend-
ent, and the use of posmve pressure apparatus are discussed else-
where (page 224).

Physiologic status of the “adequately” treated cardiac patient, —
A group of patients was studied some years ago in order to determine
the physiologic status of the patient with chronic cardiac decompen-
sation in whom the greatest possible improvement in symptoms was
secured by treatment in the hospital (Altschule, 1938). These pa-
tients received the benefit of complete bed rest for several weeks,
limitation of salt, full doses of digitalis, adequate diuresis with mer-
curial preparations, and in a few instances venesection or oxygen
therapy as well. It was evident that striking symptomatic improve-

ment had cccurred, there was no edema and at most minimal
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excretion of base (Steyrer, 1902; Keith and Whelan, 1926)., These
derive mainly from the extracellular fluid. Variable changes in plasma
chloride level were recorded by Herrmann et af, (19326, &), while
other authors have reported that a fall in plasma chloride follows the
diuresis (McLean, 1915; Stockton, 1932). The diuresis is followed
by a decrease in plasma volume (Calvin ef dl., 1940a; see also page
108) and a rise in plasma protein (Calvin e? al., 1940b) and specific
gravity (Stewart, 1941). A slight initial rise in plasma volume (Cal-
vin et al., 19400), accompanied by a decrease in plasma protein
(Calvin ef o, 19405) and specific gravity (Stewart, 1941), bas
been interpreted as evidences of mobilization of fluid from the edema-
tous tissues, further studies will have to be made before this conclu-
sion can be accepted.

(5) Oxygen as a diuretic. — Occasionally edema disappears when
the patient is given oxygen and reappears when the administration of
oxygen is discontinued (Barach, 1931; Barach and Richards, 1931
Richards and Barach, 1934). The diuresis that occurs under such
cir is ied by an i d urmary chloride et
cretion, a fall in plasma chloride level and a compensatory rise in
bicarbonate concentration, according to these authors, The diuresis
is followed by a rise in plasma protein level.

Effects of rest — Bed rest not only serves the obvious purpose of
reducing activity to or toward a level that the heart can support, but
it is also important because it enables patients who are in a continu-
ous oxygen debt (page g3) to discharge that accumulated debt.
Studies of the effects of bed rest in patients with congestive farlure
are scanty; the data of Kinsman and Moore (1935) sbow some {811
in venous pressure and in a few cases shight acceleration of circulation
time; Hussey (1936) also stressed the rapid fall in venous pressuré
which may occur with bed rest. In view of the known effects of ac-
tivity and of straining on the venous pressure (page 36), it is.to be
expected that the rest and relavation which the patient experiences
after being put to bed will have this effect. An attempt should be
made to ascertain whether bed rest alone can, after a time, s0 rest
the heart as to enable it to recover somewhat and show an increase
in output relative to the body’s metabolic needs. .
Role of diet. — The dietary management of cardiac patients is of
eat importance, but many of the diets suggested for use in cardac

gr
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dyspnea at rest. However, evidence of the persistence of an abnormal
cardiovascular physiologic condition was shown by the somewhat de-
creased cardiac output, tendency toward an increased respiratory
rate and minute volume, a slight decrease in arterial blood ovygen
saturation, a lowering of the vital capacity, a prolongation of the
pulmonary circulation time, and, in one patient, slight elevation of
the venous pressure. These findings corroborated and extended the
observations of other authors who have studied the cardiovascular
system after recovery from congestive failure and have been corrobo-
rated by others since (Ferrer et al , 1948). The persistence of physi-
cal abnormalities, such as cyanosis, cardiac enlargement and hepatic
enlargement in the cases reported (Altschule, 1938), is to be noted.
The symptoms of dyspnea, orthopnea and edema were controlled but
the results of the cardiovascular physiologic measurements in each
case failed to return to normal values. Following discharge from the
hospital all of the patients, except one who died, returned with fully
developed cardiac decompensation within a year, in spite of the fact
that their activities were markedly limited. It is clear that the im-
provement they experienced as a result of their hospital stay was due
to the treatment of the dary q of an inadequat
cardiac output, as well as to an increase in the minute volume output
of the heart; the latter, however, did not reach normal levels even
with the patient at rest in bed. i

This result explains not only the physiologic findings but the clini-
cal course in chronic cardiac decompensation. Some patients, €5p¢
cially those with mild or moderate cardiac decompensation, find 2
level of activity at which they can avoid the signs and symptoms of
congestive failure without much active treatment. In other cases,
particularly those with more severe degrees of farlure, continuous
treatment, such as the frequent use of dwretics and repeated hospi-
talization, is necessary in spite of marked limitation of the patient’s

activity.
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37. “Backward” Failure. “Forward” Failure. 4 Gen-
eralization Concerning the Pathogenesis of the Signs
and Symptoms of Congestive Heart Failure

It is evident from all of the foregoing discussion that chronic
cardiac decompensation is associated with a large number of com-
plexly interrelated bodily changes. That other changes, as yet un-
recognized, may occur is likely.

A low cardiac output is the rule in cardiac decompensation that is
not complicated by anemia, fever, thyrotoxicosis, acidosis, cor pul
monale, severe thiamine deficiency, and so on. The few reported
studies in which a normal.cardiac output was found in the absence of
these complicating diseases included patients in whom were found
elevated metabolic rates as high as plus 85 per cent consequent
solely to congestive failure itself. It is clear that under these circum-
stances the cardiac output is low in proportion to the metabolic
needs of the body. The disproportion between circulation and meta-
bolism in congestive failure is greatly aggravated by exercise, a factor
which is responsible for increase in symptoms in all patients With
myocardial insufficiency. Most patients with congestive failure ha‘.lt
elevated venous pressures. The normal response to such increases 1
venous pressure is a considerable increase in cardiac output, but de-
compensated patients do not exhibit this response.

The widespread physiologic changes in congestive failure are all
probably secondary to a cardiac output that 1s low m relation to the
metabolic needs of the body and to the venous return. It must be
borne in mind, however, that some of these secondary changes may
overshadow the lowering of the cardiac output as the direct cause of
one symptom or another in some patients, Thus, in some instances;
intrapulmonary changes may be more important 1n the genesis of
dyspnea, or lowering of the plasma protemn level more important m
the genesis of edema, than to an inadequate
cardiac output, The low cardiac output of congestive farlure ma.y
give rise to the signs and symptoms of cardiac decompensation i3
many ways. All or neatly all of these different mechanisms are pres-
ent in all patients with congestive failure, but one or another may
predominate in & given patient, or several may be equally jmportant.
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This concept is not new and has heen expressed in various terms by
other authors. Particularly pertinent 1s the conclusion of Weiss and
Ellis (1930) that “evidence is available that 2 number of mecha-
nisms are responsible for the clinical manifestations of cardiovascu-
lar diseases. Confusion exists, nevertheless, because results of experi-
mental and clinical studies of a single aspect of the circulation are
still offered as an explanation or index of the multiform nature of
circulatory failure.”

Any theory that attempts to explain the origin of all the signs and
symptoms of congestive failure as directly consequent to “forward”
fallure (low cardiac output) or “backward” failure (increased peri-
pheral and pul y venous p: } is clearly mnad Back
pressure can occur only if the blood fails to go forward; moreover,
failure of the blood to go forward must result in back pressure, pro-
vided the volume of circulating blood does ot decrease An addi-
tional criticism of both theories 1s that both neglect the chemical
changes that are potent factors in the genesis of various signs and
symptoms of cardiac decompensation.

As stated previously (Altschule, 1938), a valid generalization
concerning the origin of the signs and symptoms of chronic conges-
tive failure is that they are due to summation of the effects of sub-
maximal or even mimmal changes in a multiplicity of complexly
interrelated factors and that the degree of change in each of these
factors, and consequently their importance, varies from patient to
patient. The fundamental defect, however, 1s a cardiac cutput which,
m relation to the metabolic requirements of the body and to the
venous return, is abnormally lowered.
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ACUTE PULMONARY EDEMA. CARDIAC
ASTHMA

The syndromes of acute pulmonary edema and cardiac asthma in
patients with heart disease are considered by most clinicians to be
caused by sudden weakening of the left ventricle, while the right
ventricle contitiues normal function, at least for some time. This
view recewes little, if any, support from physiologic studies and i
not accepted by physiologists; studies in animals, such ss those of
Modrakowski (1914) and those reviewed by Luisada (1940) bY
Renneman (1946}, and by Cameron (1948), throw much doubt on
the concept. The reviews of Luisada (1940), Henneman (1036) and
Cameron (1948) bring forward strong evidence for the view that pul-
monary edema, such as occurs acutely in patients with heatt disezfc,
is the consequence of a vasomotor disturbance of the pulmonary ¢l
emlation initiated by neurogenic factors. For the purposes of the
present discussion, pulmonary edema will be considered a syndrome
caused by mechanisms whose nature has not yet been established.

Cardiac output, — Lauter's (193a) observations in three patients,
using cardiac puncture to obtain blood for estimating arteriovenous
oxygen dufference, showed that the blood flow through the lungs, that
is, the output of the right ventricle, was diminished. That of the
{eft ventricle was, therefore, also decreased in these patjents. Weiss
and Robb (1933) used the dye method to measure cardiac output
and found it to be unchanged or decreased during the attack; boW:
ever, some of their patients had Iow cardiac outputs and increas
arteriovenous oxygen differences (measured by means of blood dravm
from the femoral artery and vein) between attacks. Their data are
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not p d in detail; ly it is impossible to analyze
them further here. Moreover, the dye method used by them to esti-
mate cardiac output is less accurate than the other methods com-
monly used. A tentative conclusion, based on scanty data, is that the
output of both ventricles 1s decreased during the attack,

Circulation time, — The arm-to-tongue or arm-to-face time is uni-
formly reported increased in patients with cardiac asthma (1; Plotz,
1039}, Stead and Ebert (1942), mn a discussion of the shock syn-
drome in patients with heart disease, reported studies of patients in
shock who also had pulmonary edema; the circulation time was in-
creased to the same degree as in the other reported instances of
edema of the lungs. According to Oppenheimer and Hitzig (1936),
the arm-to-lung time, as measured by means of ether, is normal, but
Plotz (1939) found it to be increased in two-thirds of his patients
dunng attacks The arm-to-tongue or -face time is also increased
between attacks (Plotz, 1939, Tarr et al., 1933; Weiss and Robb,
1933), so that it must be concluded that pulmonary congestion
exists at such times also, and apparently is not greatly increased
during the attack itself. These findings throw doubt on the concept
that cardiac astbma and pulmonary edema are caused by rapidly
developing stasis in the lungs consequent to sudden weakening of the
left ventricle The long arm-to-tongue or -face circulation time of
cardiac asthma 15 used to help differentiate it from bronchial asthma,
where the circulation time is normal or somewhat reduced.

Venous pressure. — Although a few authors describe the venous
pressure as unchanged (Oppenheimer and Hitzig, 1936; Weiss and
Robb, 1933) or only occasionally and shightly elevated (Weiss and
Robb, 1933, Wood, 1936}, a majonty record the finding of elevated
venous during and i diately after the attack (Villaret
¢t al., 1923, Tornquist, 1932; Altschule, 1937; Perera and Berliner,
1943) Richards ef al. (1942) studied the intra-auricular and venous
pressures in animals with or induced pu} y edema
and found that both pressures were elevated, but the latter was raised
relatively less, so that the normal gradient between the two disap-
peared. The cause of the elevation of venous pressure in attacks in
man is not established, but it appears that diminished cardiac out-
put, resistance to the flow of blood through the edematous lungs and
probably also changes in intrapl ] pressure are ible for the
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peripheral venous engorgement. Actually the venous pressure may
occasionally fall to very low levels in pulmonary edema; this may
occur when the attack is complicated or terminated by the develop-
ment of a state of shock (Altschule, 1937; Stead and Ebert, 1942).

Arterial pressure. — The arterial blood pressure may be un-
changed, but is often elevated and occasionally depressed during the
attack, Elevation of the blood pressure above its usual level may
occur at the onset of the paroxysm even before dyspnea becomes
marked or even apparent. This rise appears to be consequent (o

iction due to sympathetic activity for, at such times, the
patient appears pale and sweaty, A fall in arterial pressure of vary-
ing degree may occur in association with the development of 2 greater
or lesser amount of shock (Stead and Ebert, 1942).

Respiratory dynamics. — Few data bearing on respiratory function
in man during paroxysms of cardiac asthma or pulmonary edema
have been reported. Respirations visibly increase in rate and becom®
labored. The vital capacity, low between attacks (Weiss and Robb,
1933), becomes lower during paroxysms (Weiss and Robb, 1933
Perera and Berliner, 1943) This observation implies not only er-

h upon space available for respiration but also an increzs
in rigidity and loss of elasticity of the lungs, as more fluid accumd-
lates 1n the interstitial tissues. Both of these phenomena give rEs.e o
dyspnea, but the change in rigidity may also activate the Hering-
Breuer reflex and lead thereby to hyperpnea. Another consequence
of impaired pulmonary elasticity is a rise in intrapleural pressuré
which should be iated with a corr ding rise in venolis
pressure, Other subdivisions of the lung volume may show changes
resembling those seen in chronic congestive failure (Weiss and Robb,
1933). ,

Blood gases, tissue gases — The arterial blood oxygen saturation
falls during attacks (Weiss and Robb, 1933), often to very low Ieveffy
as a consequence of the above-described changes in the Jungs. This
arterial anoxia causes the cyanosis and contributes to the dyspned
seen in the syndrome. In addition, it aggravates the severity of the
edema of the lungs itsell (Gesell, 1928; Maurer, 1940; M. F. Warren
¢f al., 19420, b). The arterial carbon dioxide content may be norm
or increased {(Porges et al., 1913) Carbon dioxide is much. m‘}"
readily diffusible than oxygen and, accordingly, the hyperventilation
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that occurs during attacks should be enough to prevent the accumu-
lation of carbon dioxide in any but very severe degrees of pulmonary
edema. A single undetaled observation of the tissue gas tensions
duning an attack of pulmonary edema has been recorded by Sibree
(1941); increased tissue carbon dioxide temsion and a normal oxy-
gen tension are described The accuracy of the latter observation may
be questioned because the time required for equilibration of oxygen
between the blood and the bubble of air introduced under the skin
is longer than that for carbon dioxide; as is well known, attacks of
cardiac asthma are usually of relatively short duration.

Blood lactate. — Harris, Jones, and Aldred (1935) reported eleva-
tion of the blood lactate at rest in a patient with cardiac asthma.
This implies a high degree of tissue anoxia, apparently the conse-
quence of the above-described changes in arterial blood oxygen satu-
ration and possibly also of a decreased cardiac output. As pomted
out previously, high blood lactate concentrations accentuate dyspnea
(page 169).

Nocturnal occurrence of attacks. — A few patients have attacks of
nocturnal dyspnea because they are orthopreic and ship down in bed
while asleep, others have them in association with Cheyne-Stokes
respiration, occurring spontaneously during sleep, or caused or ex-
aggerated by sedatives that depress respiration In most instances,
the cause of the greater frequency of attacks of true cardiac asthma
or pulmonary edema at might 1s not immed:ately apparent, this diffi-
culty exists in Jarge part because the cause of the paroxysms of pul-
monary edema 15 not understood 1n general Two phenomena appear
to have some bearing on the problem (1) respiratory depressants
often cure and respratory may enhance pul y edema
and (ii) factors that increase inflow mnto or retard outflow from
the lungs enhance while their opposites relieve pulmonary edema
(Luisada, 1940) During sleep there 1s at first a spontaneous depres-
sion of respiration, which leads to an accumulation of carbon dioxide
in the blood In normal individuals this has no harmful effect, but in
Patients subject to attacks of pulmonary edema this excess of carbon
dioxide may act as a respiratory stimulant and finally cause a parox-
ysm Another phenomenon that also bears on the problem is the fact
that when an indimdual iz up and about for a time, the plasma
volume 15 about 10 per cent less than when he is recumbent, appar-
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ently because of a loss of fluid into the legs (page 229); this fluid
returns to the circulation during the houts spent in bed, presumably
as a result of a fall in venous pressure (Hooker, 1914). Accordingly,
a patient with a tendency to pulmonary edema in effect receives 2
infusion of several hundred cubic centimeters of plasma when, after
being up and about, he goes to bed, Convincing evidence in this &
rection, based on studies of vital capacity and plasma protein levels
has been published by Perera and Berliner (1943) and by Spealman
et al. (1947). The observation of Harrison ef af. (1934) that even
bedridden patients exhibit a progressive fall in vital capacity and 21
increase in respiratory rate and minute volume toward evening I
hard to explain; it has not been carroborated by other observers.

Shock during pulmonary edema. ~— The oceutrence of a marked
fall in arterial and venous blood pressure, rise in pulse rate and 2p
pearance of clinical manifestations of shock as a complication of
terminal event in pulmonary edema is not rare, Although this phe-
nomenon has not been studied completely, it is possible to make
tentative suggestions as to its origin. Profound anoxia and marked
sympathetic overactivity may occur during attacks; both favor the
occurrence of shock. In addition, it must be borne in mind that Cdfm‘
atous lungs may, judging by theit weight, contain as much as 2 liter
or more of plasma, blood or other fluid, which are thus removed from
the general circulation. In this connection, it is of interest that
hemoconcentration has been found to occur during attacks of i
monary edema (Lemuerre and Bernard, 1926; Stead and Ebert
1942; Perera and Berliner, 1943). Further Joss of circulating blo.od
volume may result from venesection, Usually, however, the veins
are collapsed and the venous pressure is low at this time, 50 that vene-
section is difficult or impossible. The importance of this factor may
at times be demonstrable by means of the application of tourniquets;
this may precipitate a fall in blood pressure, which may rise whe?
the tourniquets are released The occurrence of profound and per
sistent shock together with pulmonary edema almost always rest ts
fatally.

W heesing. — Asthmatic wheezing may be a consequence of heart
Jisease. Tt is considered to be similar in origin to acute pulmonary
edema; instead, however, of an outpouring of edema fluid into the
alveoli with the production of crackling and bubbling réles, there
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occurs spasm of the bronchi and the development of musical thonehi.
The bronchial spasm was shown to be reflex in origin by Weiss and
Robb (x933); the origin of the reflex is obscure but it may be ini-
tiated by accumulation of interstitial edema fluid in the lungs. The
differentiation of cardiac asthma from bronchial asthma is of great
importance since morphia in large doses relieves the first and may
cause death in the second; contrariwise, epinephrine relieves bron-
chial asthma and, 1n the doses used, may be fatal in cardiac asthma,
If the differentiation cannot be made on clinical grounds, measure-
ment of the circulation time is helpful (page 326). However, a
severe paroxysm of wheezing may require immediate treatment before
such measurements can be made; in such instances aminophyliine,
given intravenously, should be used since it controls both types of
asthmatic paroxysm.

Effects of aminophylline. — The mechanism whereby aminophyl-
line when given intravenously in doses of approximately 250 mg
relieves hronchospasm is not established The drug is apparently
a powerful relaver of smooth muscle and this useful property results
in relief of dyspnea and an increase in vital capacity in patients with
cardiac asthma (Greene ¢t al., 1937, Heyer, 1946). However, the
action of the drug also involves the smooth muscle of blood vessels
and causes vasodilatation (Robertson and Faust, 1940) This phe-
nomenon is useful m part because the resulting fall in venous pres-
sure (Greene ef of, 1937, Robertson and Faust, 1940; Steinberg
and Jensen, 1946) causes a secondary decline mn cerebrospmal fluid
pressure (Greene ¢f al , 1937, Robertson and Faust, 1940); a change
of this sort may alleviate dyspnea (page 183). On the other hand,
the vasodilatation that occurs also causes the capillaries to dilate and
the arterioles to relax (Robertson and Faust, 1940). Statr e? ol
{1937) ohserved a decrease in peripheral resistance after the injec-
tion of theophylline, A consequent increase in cardiac output {page
200), and 1n the volume of peripheral blood flow (Stewast and Jack,
1940) 1s known to occur, and a reduction in circulation time has also
been described (Steinberg and Jensen, 1946). Lowering of arterial
pressure may act deleteriously on the heart in patients with coronary
arteriosclerosis, and increased cardiac work may be dangerous in
such individuals. Accordingly 1t is clear that aminophylline can be
expected to cause cardiac pain or coronary failure in some patients
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with sclerotic coronary arteries, and collapse in any individeal
susceptible to the effects of generalized vasodilatation. It is fortunate
that the administration of the drug intravenously at a slow rate
avoids most of the circulatory effects while preserving the broncho-
dilating action of aminophylline.

Effects of morpha. — 1t is widely held among clnicians that
morphia, although not effective in every instance, is by far the most
useful remedy for cardiac asthma and pulmonary edema The reason
for its effectiveness is not known That it depresses the activity of the
respiratory center, decreasing the respiratory minute volume (2,
Dripps and Comroe, 1945) by decreasing respiratory rate, Is estab-
lished; changes in tidal air volume are variable, Harrison ¢ d
(t934) reported that morphia increased the vital capacity in cardiac
patients, but other observers (Resnik ef al., 19353, b) found no such
change, The metabolic rate falls slightly after the administration of
morphia (Resnik and Friedman, rg3se, Wangeman and Hawk,
1942) The arterial blood oxygen content may fall to a variable
degree and the carbon dioxide content may rise slightly (Fraset,
1927, Wortis et al,, 1940); a fall in blood pH may also occur
(Fraser, 1927). All of these slight but apparently deleterious changes
in the blood may be associated with relief of dyspnea during 20
attack of pulmonary edema (Fraser, 1927). Changes in the cardiac
output (Resnik ef al, 1935b), the circulation time (Wortis et dy
1940) and the cerebral blood flow (Wortis et al., 1940) consequent
to the action of morphia in therapeutic doses are not significant
The effect of morphia on respiration is partly to relieve dyspnea but
this phenomenon is not sufficiently marked to esplain the strikl'ng
benefit that is associated with its use. Its beneficial action may I
clude the allaying of ansiety in some patients, It is possible, how-
ever, that its effectiveness in controlling pulmonary edema may be
due largely to its depressing action on the respiratory centef or
on reflex arcs that are activated when pulmonary edema occurs
(Luisada, 1940).

Effects of tourniquets.— The application of tourniquets at w.ell
above venous pressure has the obvious effect of impounding 2 consid-
erable amount of blood in the extrenuties (Ebert and Stead, 1940?'
this is cleatly visible n the veins and, to judge by the increas¢ m
capillary pressure tha. follows (Landis, 1930; Eichna and Bordley,
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1039) it occurs in the capillaries also; the return of blood to the
heart is therefore decreased. Measurements reveal decreased blood
flow in limbs constricted by tourmiquets (Friedland et af, 1941).
‘This slowing of flow is only a temporary effect, lasting only as long as
the tourniquets are in place. In addition, there is loss of fluid from
the blood mto the tissues of the limbs in which circulation is slowed
(Ebert and Stead, 1940) Accordingly, there is an increase in plasma
specific gravity or in plasma protein or hemoglobin concentration (3;
Peters et ol., 1925, 1926), swelling of the limb occurs and lasts for
a time after removal of the tourniquets (4; Landis ef ol, 1932,
1933). The dation of fluid 1s ied by a loss of chloride
into the tissues, Dautrebande e al (1923) reported a loss of bicar-
bonate as well, but this has been denied by Peters et al (1926). The
impounded blood shows an increase in carbon dioxide content and
decrease in capacity (Dautrebande ef ol , 1923; Peters et al,, 1926)
so that the pH falls The loss of fluxd mto the tissues is not, however,
marked enough to rase the tissue pressure greatly (Burch and
Sodeman, 1937).

The local rise in venous pressure and capillary pressure caused by
the tourniquets is not the sole cause of this transudation of fluid and
electrolyte, since it occurs even when the crculation to an extremity
is cut off entirely (Dautrebande ef af, 1923) Studies on the cuta-
neous capillaries in man have shown (5; Friedland et a!, 1941)
that tourniquets cause marked stasis and result m capillary dilata-
tion, particularly in the venous hmb, this increases the filtering sur-
face It has also been shown that the apphcation of tourniquets in
normal man causes an elevation of tissue carbon dioxide tension
(Sibree, 19412) and a lowering of venous blood oxygen (Friedland
et al., 1941) and tissue oxygen tensions {Sibree, 19418) The latter
reduction might result in an increase i capillary permeablity (page
155), although no increase mn tissue flmd protein occurs until the
tourniquet pressure reaches 8o mm-of-mercury (Landis e? al., 1932).
It appears that the transudation of fluid into the tissues of the limbs
is the consequence of the combined action of the elevated filtration
pressure, increased filtering surface and possibly increased capillary
permeability The result of the impounding of blood and loss of fluid
in the extremities 15 a decrease mn venous pressure in the uncon-
stricted limbs, This has been described both in normal subjects and
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in cardiac patients (von Tabora, 1910; Fuchs, 1921; Kountz ¢t dl,
1942; McMichael and Sharpey-Shafer, 1944a; Warren and Stead,
1943); however, Brams and Golden report no fall in their patients
(x935).

The right auricular pressure is also lowered (McMichael and
Sharpey-Schafer, 9144, 5; Warren et al., 5945). The lowered vol-
ume and pressure of the venous return flow results in an appreciable
decrease in blood flow through the lungs, as observed by means of
aurfcular catheterization in normal subjects by MeMichael and
Sharpey-Schafer (1944a); the left ventricular output must fall corre-
spondingly. Roentgenographic studies by Kountz, Smith and Wright
(1942) in dyspneic cardiac patients similarly indicate a fall in
cardiac output. Warren ez al. (1945), who also used auricular cath-
eterization, observed no decrease in cardiac output. On the otber
hand, McMichael and Sharpey-Schafer (1944b), who found a de-
crease in the output of the heart when tourniquets were placed on
normal subjects, found a slight rise in cardiac patients, an jncrease
which is, however, not impressive, It is apparent that more work
must be done in this field,

The application of tourniquets also results in a small rise in vital
capacity or partially prevents the fall that occurs jn the recumbeot
position (6; Asmussen e# al., 1939). The action of tourniquets i
therefore, to decrease the inflow into the Jungs, thereby reducing the
rate of edema formation and allowing the resorptive processes t0
catch up; this effect is prolonged somewhat by a transitory reductios
of blood volume.

An interesting side effect of the application of tourniquets to all
four extremities is a fall in skin temperature over these imbs and 8
rise in rectal temperature (Smitk, 1936; Steele, 1937); if the
tourniquets are kept on for some time, the rise in rectal temperaturé
may result in hyperpnea unless respiration is depressed with morphia.

Effects of positive pressure respration — Positive pressure Tes
piration is often helpful in controlling pulmonary edema It acts
apparently in a manner similar to tourniquets, but at a ‘higher level,
pamely, the great veins in the thorax. Breathing against resistance
raises the intrapleural pressure, thereby impeding flow through the
great veins and into the Tungs. It has been shown in man and dogs
that increased intrapleural pressure raises the peripheral venous
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pressure (7; Barach et ol., 1938, 1946). Studies in normal man show
that positive pressure in the airway causes a fall in cardiac output
(Richards, 1945; Otis et al, 1946a, b, Cournand et al., 1948) and
an increase in circulation time (Barach ef al., 1938, 1946); peri-
pheral flow also decreases (Fenn and Chadwick, 1947). In the dog,
slowing of peripheral blood flow has been found (Beecher et dl.,
1043). Renal blood flow is apparently also decreased, for the urea
clearance falls significantly (Drury ¢f al, 1947). Barach ef ol
{1938) found a fall in vnal capacity in normal subjects breathing
against posttive pi y tracing duced by these
authors (Barach et o, 1938) suggests also that the functional resi-
dual air is increased, as later measurements showed (Barach ef al.,
1046). Rahn et al. (1946) also demonstrated an increase in func-
tional residual air volume due to an increase in supplemental air, the
complemental air decreased so that in their experiments the vital
capacity was unchanged. Further studies (Barach ef a!, 1946, Rahn
et al., 1046) showed hyperventilation in normal subjects during at
least part of the time when positive pressure was in force. No change
in oxygen consumption occurred. The work of breathing was in-
creased when pressures were elevated above any but the lowest
levels.

According to Barach et al. (1938), cardiac patients show a some-
what greater rise in venous pressure and more increase in the circu-
lation time than do normal subjects, but the vital capacity rises. A
possible explanation for the rise in vital capacity is a reduction in the
rigidity of the lungs found in congestive failure; this rigidity is due
to an increased amount of blood in the lungs, 2 factor which would
be counteracted by the impounding of blood in the periphery by
positive pressure 1n the ajrway (Fenn ef ef, 1947) It is of interest
that posittve pressure jon results inh ion {Barach
et al., 1946), this ph is p qt to loss of
fluid nto the tissues and 1s comparable to Lhe effect of tourmquets
(page 225). However Henry ef al. (1948) found no decrease in
plasma volume.

Effects of venesection,— The removal of 300 cc or more of blood
results in 2 fall in venous pressure in normal subjects and in cardiac
patients (8; Loutit ¢ al,, 1942; Stead and Ebert, 1942). The right
auricular pressure also falls in normal subjects (Barcroft ef al,, 1944;
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McMichael and Sharpey-Schafer, 1944a; Warren ef ol., 195), 25
does the right ventricular pressure (Richards, 1g945; Bloomfield
et al., 1946). These changes are accompanied by a considerable de-
crease in blood flow through the lungs in normal subjects (Barcroft
et al., 1944, McMichael and Sharpey-Schafer, 1944¢; Richards,
1945), the left ventricular output must diminish correspondingly.
The finding of Warren ef al. (1945) that no fall in blood flow occuss
in normal subjects is not in harmony with a large amount of data on
cardiac physiology and cannot be accepted without substantiation.
However, more recently Bloomfield e al, (1546) showed that vene:
section lowers the cardiac output in such patients The studies of
Shenkin ef al. (1944) by means of the ballistocardiograph, show
decreases in cardiac output only with large venesections. On the
other hand, little or no fall in cardiac output was found in cardfac
patients by authors using older methods (Resnik et al, 59358
McMichael, 1938), whatever decrease occurred apparently being
conseq of dimi oxygen ¢ ption, since the arterio-
venous oxygen difference did not change (Resnik et dl., 19358}
Similarly, studies made by auricular catheterization (Howarth éf a'l )
1946, 1947, Sharpey-Schafer, 1946) show only incomequ&nlli}‘
changes in cardiac output after venesection The circulation time &5
unchanged (Howarth ef ¢!, 1046).

Posgibly the differences in the vesults are to be accounted for by
the length of time that elapsed between the removal of blood and the
making of the measurements; the abnormally large blood valun.le
found in cardiac patients may also play a part. Any decrease it
cardiac output that occurs is probably of short duration and is of na
impottance a3 a rule Venesection at times gives rise to vasoconstrict
tion so that the arterial blood pressure is maintamed; accordmg")’
the peripheral resistance remains unchanged (Richards, 1945) 0f ¥
jncreased (Barcroft ef ol., 1044). R .

Studies by Barcroft et al. (1944) on the peripheral circufation
after venesection are of interest in this regard, After removal Of
several hundred cubit centimetets of blood from a vein, the pert-
pheral flow (Barcroft ¢f al., 1944), like the cardiae output, is dimin
jshed somewhat, However, if the subject faints, this reaction is asso:
ciated with a sudden vasodilatation manifested by a fall in periphera!
resistance and an increase in peripheral flow,
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If the venous return does fall appreciably during venesection,
the mflow into the lungs is diminished and edema thereby influ-
enced favorably. The wital capacity in normal subjects (Glaser and
McMichael, 1940) and in cardiac patients is increased by several
hundred cubic centimeters (9; Platz, 1947). The precise nature of
the change that occurs in the lungs after venesection is, however,
difficult to state; Glaser and MeMlichael (1940) studied the subdivi-
sions of the lung volume and found increases only in the comple-
mental air and the measurements derived from it, namely, the vital
capacity and total capacity. The respiratory minute volume (Resnik
et al, 19350, &) and with it the oxygen consumption falls in cardiac
patients who have been bled. The changes in the lungs may occa-
sionally result m an increase in arterial blood oxygen saturation
(Grant, 192z3) In addition, the hemodilution that follows venesec-
tion (Lemterre and Bernard, 1926; Ebert, Stead and Gibson, 1941)
may 1n cardac patients occur at the expense of the edema fluid.
Followmg venesection the blood volume 1s restored to its previous
level within twenty-four hours 1n normal subjects {(Ebert, Stead and
Gibson, 1941) and possibly more rapidly in decompensated cardiac
patients The cerebrospinal fluid pressure falls after venesection
(Roberston and Fetter, 1935}, a factor that may amehorate dyspnea
(page 183) It should be borne in mind that all of these favorable
actions on the lungs and possibly also on the brain must be balanced
against the possibality, not very strong but not to be ignored, that
venesection may precipitate shock in a patient with pulmonary
edema by too great a lowenng cardiac output and consequent
sudden vasodilatation,

Effects of still-standing and sitting with feet dependent. — The
venous pressure in the legs is higher during still-standing than during
walking (page 36), consequently, the tendency toward filtration of
flud from the blood is increased in the former Still-standing results in
hemoconcentration and a decrease in blood volume in normal sub-
jects (Thompson et al, 1928; Waterfield, 1931, Youmans et al,
1934; Asmussen ef al, 1940) and presumably in cardiac patients
also, Tt 15 probable that sitting with the feet hanging has the same
effect, the avanlable data bearing on this point {de Flora and Cira-
vegna, 1931) are not acceptable Many of the effects of a small or
moderate venesection are apparently reproduced by still-standing
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or sitting with feet dependent and, therefore, it is understandable
why these procedures may give more relief in severe acute cardiac
dyspnea than that afforded merely by sitting wp in bed.

The view held by some clinicians that still-standing, or sitting or
reclining with legs dependent, draws edema fluid into the legs from
the lungs is based on unphysiologic reasoning. While gravity un-
doubtedly influences to a greater or lesser degree the distribution of
edema fluid in a given organ or tissue, it is highly improbable that
it will deflect it from one to another.

Effects of oxygen.— The administration of oxygen serves the ob-
viaus purpose of remedying the generalized anosia that results from
pulmonary edema (page 220), A further beneficial effect of oxygen
therapy in pulmonary edema is that it tends to diminish the edema
itself, for it has been shown (page 136) that anosia increases the
amount of transudation from the blood vessels of the lungs.

Summary, — Physiologic data bearing on acute pulmonary edema
and cardiac asthma are not sufficiently complete to permit of gen
eralizations as to the nature of these disorders. This unsatisfactory
state is to some extent unavoidable, for attacks of pulmonary edema
are relatively short in duration, frequently complicated by other ﬁlS
ordets such as chronic congestive failure, arrhythmias or ‘myocardial
infarction, and often so severe as to make it impossible for patients
to codperate in studies. In addition, there exists a marked dichotomy
of thought between clinicians, who study patients, and physiologists,
who study mechanisms. The first named usually designate the con-
dition by a physiologic term, namely, “left ventricular failure,” which
physiologists consider le The physiologists, on the other
hand, adhere to a simple clinical designation, namely, “acute pulmo-
nary edema,” realizing that their studies of mechanism in man ar¢
fragmentary.

1t would be helpful if clinicians would cease to think in terms of
erroneous physiologic concepts, A large amount of physiologic work
supports the theory that acute pulmonary edema and cardiac asthma
are neuragenic and probably reflex in origin; clinical data do not
show the contrary, Pulmonary edema is poorly understood, but V.Vhﬂ"
ever the final causative mechanisms may prave to be, it is established

(i) that morphia, a drug which, in the doses used, apparently achs

ol o e ek et . 22y shat the anoXid
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which develops during attacks is ameliorated by oxygen; (ii) that
factors which diminish inflow into the lungs also decrease total blood
flow for a time and accordingly, the use of these mechanisms, namely,
tourniquets, venesection and positive pressure respiration, is not
entirely without hazard; and (iv) that the element of bronchospasm
which is present is helped by aminophylline.

There is nothing to prevent the development of attacks of acute
pulmonary edema n patients with chronic congestive failure. In-
deed, it is not uncommon to see the two together, the paroxysmal
syndrome developing as the chronic disorder worsens and disappear-
ing as the chrome failure improves. It is clear that, under these cir-

the of the two synd is identical. How-
ever, the treatment of individual attacks of pulmonary edema, whether
isolated or in association with chronic myocardial insufficiency, is
that outlined above,
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III

ANGINA PECTORIS
MYOCARDIAL INFARCTION

1. Angina Pectoris

Most physicians feel that the fundamental cause of angina pectoris
is, largely or entirely, disease of the coronary arteries; accordingly,
many studies have been made of the function of the coronary arteries
and myocardium in patients with angina pectoris There are, there-
fore, few phystologic data on the status of the circulation as a whole
in this syndrome,

Cardiac output — The minute volume output of the beart bas
been reported normal between attacks in patients with angina pec-
toris (Starr and Gamble, 1935; Bazett et al., 1941, Altschule, 194‘.‘)‘
In 1935, Starr and Gamble (1935), summarizing their studies wit
the ethyl iodide method, stated that the cardiac output was normal
in patients with angina pectoris. Later, however, Starr and Wood
(1943), using the ballistocardiograph to estimate cardiac output,
found normal values in only five patients with angina pectoris and
low values in nineteen, including fifteen whose cardiac output Was
30 to 60 per cent below normal. Four of the latter group deve“’lfe"
congestive failure while under observation, but no such compllca.ﬂﬂg
factor was present in the others Accordingly, other esplanations
must be invoked to explain the markedly subnormal cardiac output
in these patients

One criticism of studies of the minute volume output of the he?rt
made by means of the ballistocardiograph is that they afford no in-
formation on the relation of the volume of the cardiac output to
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the metabolic requirements of the body, The importance of consider-
ing this relation in studies of the circulation in disease has already
been emphasized (page 6). It is clear, therefore, that the value
of data on cardiac output is impaired by the absence of correspond-
ing data on metabolism, this is espectally true in patients with angina
pectoris, since many of them have low metabolic rates (Riseman
and Brown, 1937; Altschule, 1944). The weight of the evidence
appears to favor the conclusion that the general circulation is nor-
mal 1n relation to metabolic requirements at rest and in the absence
of anginal pain in patients with angina pectonis. During attacks of
angina pectoris in two patients, the cardiac output was found by
Starr ef al. (1938) to be elevated; the attacks were precipitated by
emotion in one instance and by the injection of epinephrine in the
other.

Circulation time.— Normal circulation time is reported in most
instances of angina pectoris (Winternitz et ¢l., 1931; Bernstein and
Sunkins, 1939; Wood, 1936, Altschule, 1944), though Winternitz
et ol {1931r) and Bain (1934) found it to be increased often; most
of Bain’s patients had evidence of congestive fallure also. A recent
analysis (Altschule, 1944) showed that increase of the circulation
time in the absence of frank decompensation in angina pectoris was
usually consequent to noncardiac factors.

Venous pressure,— The venous pressure is normal in patients
with angina pectoris (Wood, 1936, Altschule, 1944).

Arterial pressure, — Approximately so per cent of patients are
mild hypertensives (Riseman and Brown, 1937; Altschule, 1944).

Vital capacity. — The wital capaaity is often somewhat low in
patients with angina pectoris (Altschule, 1944) apparently as a con-

of such diac factors as ); and obesity.

Occurrence of pain.— The circulation between attacks is normal
n patients with angina pectoris, except for a high incidence of hyper-
tension In everyday life, attacks of angina pectoris commonly oc-
cur at times when the cardiac output is increased, that is, during
exertion or emotional upsets, or after heavy meals, The increased
cardiac output reported by Starr et ol (1938) during attacks of
angina was caused by the factor precipitating the attack, rather
than the attack itself; the precipitating factor was emotion in one
case and the injection of epinephrine in the other. Both the former
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(Grollman, rgzg; Stead ¢z al., 1943) and the latter (Field and Bock,
1924; von Euler and Liljestrand, 1927; Starr ¢f of,, 1937; Altschule
and Iglauer, z940; McMichael and Sharpey-Schaefer, 1944) have
been shown to increase cardiac output, It is pot valid, however, to
conclude that attacks of angina pectoris are in every instance asso-
ciated with increased cardiac output, For instance, sympatbomimetic
amines such as paredrine, which elevate blood pressure but do not
increase cardiac output {Altschule and Iglauer, 1940}, may cause
anginal pain in patients with history of angina pectorfs. A dlinical
counterpart of this phenomenon is angina pectoris associated with
sudden hypertension (Lewis, 1031). It is clear from the formula * of
Evans and Matsuoka (zg15), W = OP + 35 {uw/g)V? that an in-
crease either in cardiac output or in blood pressure ncreases the
work of the heart and, accordingly, it may be concluded that the
occurrence of anging pectoris is usually related to increased eardisc
work On the other hand, angina may occur when the work of the
heart is decreased, that is, in cardiac arrhythmias with marked tachy-
cardia (page 251) The factor responsible for angina in such situa-
tions appears to be myocardial anoxia consequent to inadequate
flow through the coronary tree, a result of shortening of diastole,
The precise mechanisms underlyimg the production of pain by myo-
cardial ischemia is unknown. Lewis{ 1935) showed that exercisiog 3
muscle under condittons of ischemia causes pain, an observation
amply confirmed by others; however, there is no precise information
indicating whether oxygen lack, carhon dioxide excesss, or the es-
cessive production of some other metabolite is the direct cause of
the discomfort At any rate it has been shown that the nerve fibers
that carry corenary arterizl pain run in the adventitia of these
arteries (Katz ef of, r935). They are carried in the middle and
inferior cardiac nerves and the thoracic cardiac rami to the midf‘ﬂe
and inferior cervical and the first four thoracic posterior roots {White
and Smithwick, r941). These axones are small, poorly myelinated
or unmyelinated, and their rate of conduction is slow ({Heinbecker
and Bishop, 1033); they therefore resemble sympathetic moto!
neurones except that they run to the cord as a simple fiber without
*n ths formula, W is the work done by the heart, O is the output of f”

heart, P is the mean blood pressure, w Is the weight of blood, ¥ i the velodty
of the bloed flaw, and g 15 the acceleration due to gravity.
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any synapse in the ganglion between a pre- and postganglionic fiber,
Other components of the pain of coronary disease, such as pain
in the neck or jaw, are apparently carried in the vagus nerve (White
and Smithwick, ro41). The fact that most of the pain-carrying fibers
enter the cord in the first four or five thoracic segments accounts
for the typical referred pain over the skin of the shoulder, arm, or
inner fingers

Anginal pain may be precipitated in patients with coronary sclero-
sis by induced anoxia. This phenomenon appears to be the conse-
quence of (i) myocardial anoxia, and (i1) increased cardiac output
and work due to lowered artenial blood oxygen saturation (page 70).
It should be noted that one change induced by the inhalation of
air containing low percentages of oxygen, namely, the fall in arterial
blood oxygen level, 15 unpredictable (Graybuel ef af, 1937, Houston,
1946). Consequently, changes in cardiac work and in vasomotor
function are also variable. The use of anoxia in tests of the state
of the coronary arteries has accordingly been crnticized (Graybiel
et al., 1937, Houston, 1946).

A vald ization based on physiologic data is a
of the clinical concept that factors which increase cardiac work or
decrease myocardial oxygenation lead to angina in patients with dis-
ease of the coronary arteries or their ostia. These considerations do
not explain status angnosus, or recurrent angina at rest. Local spastic
changes in the coronary arteries also appear to be mmportant in the
genesis of angina That diseased arteries frequently show vasospastic
phenomena 1s well known to students of peripheral artery disease;
there 1s no reason to doubt that coronary arteries may react similarly.
Indeed, Freedberg ¢ al. (1944) have shown that reflexes from the
skin control the occurrence of anginal pain to a large degree, appar-
ently by mfluencing the caliber of the coronary vessels, Similarly,
there is evidence that distension of abdominal viscera may cause re-
flex coronary vasoconstriction (von Bergmann, 1932; Gilbert et al.,
1940). In addition, the relef of pain experienced by some patients
after taking vasodilator drugs, such as nitrites, in doses too small
to affect the general circulatory dynamucs, is further evidence for the
importance of coronary spasm in the causation of anginal pain. The
fundamental defect 1 angina pectoris 1s, therefore, a decreased
coronary circulation which, though adequate for the work of the heart
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when the patient is at rest, becomes inadequate when coronary il
ing is somewhat impaired by Spasm or other factors, or when the
cardiac work Is increased.

It is of interest that many patients with the anginal syndrome
byperventilate during the occurrence of pain but do not experience
dyspnea (Boyer and Bailey, 7943); this phenomenon suggests that
dyspnea need not be perceived when hyperventilation is present if
more severe discomfort of other types occurs,

2. Myocardial Infarction

Circulatory dynamics. — Data describing the circulation in pa-
tients following myocardial infarction are scanty, A few measure-
ments of cardiac autput by unreliable methods suggest that Jowering
of the output of the heart probably eccurs (Grishman and Master,
1941; Starr and Wood, x943), The finding of decreased blood flow
through the fingers recorded by Mendlowitz (1942) is dificult to
interpret with certainty since the circulation in the hands is strongly
influenced by neurogenic factors and may not indicate the statt’of
the circulation as a whole. The circulation time is notmal or in-
creased (Baw, 1934; Fushberg e of, 1934; Neuzath, xg37; Selzer,
1945; Stead and Ebert, 1942} ; the venous pressure may be normal,
low or elevated (Fishberg et o, 1934; Griffith f of, 1034; Stesd
and Ebert, 1942; Selzer, 1945) Of special interest is the finding
by all of these authors of low values for venous pressure in some
instances, suggestive of a state of shock due to impaired peripheral
vascular mechanisms, In this ion a single observation of
temposary loss of tone in the small vessels recorded by Capps (1936}
is particularly pertinent. The vital capacity is often diminished (Sel-
2et, 1945). Fishberg, Hitzig and King (1934) found the blood volume
markedly variable, but these authors used a method fot fiow cot-
sidered reliable. Stead and Ebert (1042} found the plasma volvfme
slightly diminished and detected evidences of hemoconcentrall?m
but all of their patients had some degree of pulmonaty edema, which
in itself may cause hemoconcenteation (page 222); Cameron ¢f !
({x947) found the blood volume normat,
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In!erpretanon of these fmdmgs is difficult. It is impossible to
h ize the circulatory to myocardial
infarction per se, for it is probable that the cardlova,scuhr changes
that have been found are largely determined by the occurrence of
associated conditions such as shock, pulmonary edema, congestive
heart failure, and cardiac arrhythmias,

Skock — The shock that occurs during or after myocardial in-
farction is properly regarded as neurogenic by Fishberg ef ol
(1934); it is probably not due solely or largely to cardiac weakness,
as Stead and Ebert suggest (1942) Whatever its mechanism, it is
often self-limited and, when more persistent, may be benefited by in-
fusions of plasma, even in the presence of pulmonary edema,

Pulmonary edema — This disorder is probably neurogenic in
origin (page 218}, for 1t occurs irrespective of whether the left or
nght ventricle is the seat of infarction Stead and Ebert (1942)
pointed out that the circulation time may show surprisingly little
increase in patients with pulmonary edema following myocardial
mfarction It is apparent that much work must be done in this
field, the vast amount of theorizang that occupies space in the
medical literature has little established vahdity.

Cardsgc arrhythmias — The occurrence of ventricular arrhyth-
muas, that is, extrasystoles or tachycardia, after myocardial infare-
tion is probably consequent to the formation of hyperirritable foa
in the damaged ventricular myocardium It is probable, however,
that the other common arrhythmias in this disorder are vagal in
ongin It has been shown that atropme may abolish partial heart
block after myocardial infarction (Master et al, 1938), available
evidence also suggests that auricular fibrillation and flutter are due
to vagal reflexes acting on the auncles (Klamer and Altschule,
1942, Altschule, 1945).

Autonomic function — Reference has already been made to the
probable vagal origin of some cardiac arrhythmias after myocardial
infarction, it is likely that pulmonary edema seen 1n this condition
is also reflex The gastric distention and vomiting may also be vagal
1 origin Definite evidence of increased vagal tone 1s afforded by the
development of hypersensitivity of the carotid sinus reflex after
myocardial infarction (Sigler, 1942).

The occurrence of bluish pallor, cold skin, and also a reduction in




246 CARDIAC PAIN

peripheral blood flow (Mendlowitz, 1942), all suggest sympathetic
stimulation. Additional evidence in this regard is the not uncommon
finding of a level of arterial blaod pressure above what is usual in
a given patient early in the course of myocardial infarction,

Intermediary metabolism, — Data are available that suggest the
occurrence of an “adaptation reaction” after myocardial infaretion
Creatinuria develops early {Herrmann and Decherd, rp34; Altschule
and Rosenfeld, 1947}, negative nitrogen balance and elevated blood
amino acid levels soon become manifest also (Altschule and Rosen-
feld, 1047). Simuarly, disturbance of carbohydrate metabolism ap-
pears with elevation of the blood lactate and pyruvate levels (David-
son et af, 1946; Altschule and Rosenfeld, 1047); glycosuria and
hypergiycemia are well known to occur, either de soto or as evidence
of the making overt of latent diabetes mellitus.

Blood clotting — A tendency toward intravascular clot forms-
tion is common after myocardial infarction. Blood clotting has been
found to be accelerated by some authors {de Takats, 1g43; Hines
and Kestler, toss, Ogura ef al,, 1946; Cameron ef ol., 19a7). The
T ibl hanisms are unk but may include the effects of
bodily injury per se, increased viscosity of the hlood due to dehy-
dration or the Joss of plasma into or through edematous Jungs, and
slowing of the blood flow consequent to shock, congestive failure, of
oversedation.
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CARDIAC ARRHYTHMIAS

1. Auricular Fibrillation. Action of Quinidine

The effects of auricular fibrllation in man have been studied it
most cases by observing the changes that follow the restoration of
normal rhythm, either spontaneously or as a result of the administra-
tion of quinidine. The findings are colored by the fact that many of
the patients so studied had, in addition to the arrhythmia, valvular
heart disease or some degree of myocardial insufficiency, or both.
Therefore, absolute uniformity in the findings is not to be expected.

Restoration of normal sinus rhythm is associated with a rise it
cardiac output and  fall in arteriovenous oxygen difference in most
instances (1; Stewart et al., 1938), occasionally these evidences of
improved cardiac function do not occur (Resmik ef af, 19353 Stew-
art ef al., 1938; Smith ef al,, 1930). The venous blood oxygen con-
tent usually rises (Stewart, 1923), this finding indicates an improve:
ment in peripheral blood flow and increased oxygen tension in the
tissues. Often, however, the improvement in cardiac function after
reversion is not great enough to be considered significant, especially
in instances where the ventricular rate was not rapid during fibrillz-
tion, Quinidine also has a vasodilator action (Ferrer ef al, 1948)-
Changes in circulation time and venous pressure (Stewart ¢ .,
1938; Lequime, 1040), and in vital capacity (Stewart, 1923} Stew-
art et al., 1938) are variable The respiratory minute volume may
fall somewhat with a consequent rise in alveolar air carbon dioxide
content (Smith e? al, 1930); there is a simultaneous decrease in
oxygen consumption (Stewart, 1923). The observations of Craw-
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ford (1926) on the behavior of the cutaneous capillaries in patients
with auricular fibrillation suggest that changes occur in the caliber
of these vessels which are independent of the heart beat; the signifi-
cance of this finding is not clear.

To summarize, auricular fibrillation causes 2 variable degree of
reduction in cardiac output, with the expected secondary changes in
circulation and resprration It may, therefore, precipitate congestive
failure, or aggravate it if it is already present. In occasional instances
the amount of impairment of cardiac function caused by the arrhyth-
mia may be such as to exert a decisive role in determining the pres-
ence or absence of disability; it is not rare for patients with estab-
lished heart disease and only mild discomfort to date the onset of
severe symptoms from the hour of the development of auricular

In other i the only laint may be palpitati
The common occutrence of auricular fibrillation in assocxalion with
disease of the mtral valve is worthy of note (page 285)

2. Auricular Flutter

The circulation and respiration in auticular flutter have not been
studied extensively. Although the mechanism of flutter closely re-
sembles that of auricular fibrllation, the cardiovascular dynamics
and symptoms are more nearly similar to those of the tachycardias,
discussed in tke following sections, because of the usual occurrence
of a persistently rapid ventricular rate. Auricular flutter causes a fall
in cardiac output with increase in arteriovenous oxygen difference
and in circulation time, elevation of venous pressure and decrease in
vital capacity (Lequime, 1940, Stewart e af , 1938).

3. Auwricular Tachycardia

Although at times the only discomfort associated with auricular
tachycardia is palpitation, this arrhythmia often gives rise to more
disabling complaints Auricular tachycardia is of particular interest
because it often affects the normal heart, and causes changes in the
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cireulatory dynamics that resemble in varying degrees of severity
those of chronic congestive failure. In some patients, however, the
clinical manifestations and physiologic changes are those of collapse,
while in still other instances cardiac pain may be the chief complaint

Cardiac output. — All authors agree that a considerable decrease
in cardiac output and increase in arteriovenous oxygen difference oc-
cur during paroxysms of auricular tachycardia (2; Stewart ¢t dl,
1928), The lowered minute volume output appears to be partly due
to marked shortening of diastole, so that inadequate filling of the
heart occurs. Myocardial weakness may also occur as a consequenc?
of shortened diastole, since recovery of the heart muscle after each
beat may be incomplete and the coronary flow, maximal during diz-
stole, is probably decreased; the fall in cardiac output varies zoughly
with the rise in rate above 150. In addition, a fall in blood ptessure
(see below) may further diminish the coronaty flow, The output of
the heart per beat is decreased considerably mote than the output per
minute because of the marked tachycardia; the output per beat
may be decreased to one guarter or one fifth of the normal.

Circulation fime.— The arm-to-tongue time js long {Winternitz
et al., 1031z Lequime, 1940, Stewart et al., 1938). Neurath (1937}
stated that it might be either short or long in parosysmal tachy-
cardia; he may have included patients with sinus tachycardia

Venous pressure. ~— Venous engorgement is of frequent occursence
during paroxysms of auricular tachycardia and the venous P'Csf“"
has been reported as elevated (Hooker and Eyster, 1908; quu.xme,
1940; Stewart ef al,, 1938); Tornquist {1932), however, found it to
be normal.

Arterial pressure — A profound fall in blood pressure with par-
rowing of the pulse pressure is not uncommon during paroxysms of
this arthythmia, Considerable decreases in bload pressure are often
associated with collapse.

Vital capacity. — Decreases in vital capacity ate the rule (Ble-
Clure and Peabody, 1917; Carter and Stewart, 1923); howevery
they da not always occur (Stewart ef al, 1938). The occurrence ofa
Jowered vital capacity indicates that an appreciable degree of pul
monary vascular engorgement may occur during patoxysm.

Blood gases. — The arterial blood oxygen saturation may be por-
et {Raveroft ef o, 1921; Meakins, 1g22) or low (Carter and
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Stewart, 1923), depending presumably on the degree of pulmonary
stasis that occurs. The venous blood oxygen content is uniformly
markedly lowered (Barcroft ef al., 1921; Carter and Stewart, 1923),
as is to be expected from the decrease in cardiac output. The low
venous oxygen content implies peripheral stagnation and low tissue
oxygen tensions. The carbon dioxide content of the arterial blood
is low as a consequence of dyspnea, whereas that of the venous blood
is normal under these conditions because of stasis (Carter and Stew-
art, 1923).

Congestive failure — The cardiovascular dynamics of this ar-
thythmia are similar to those of chronic cardiac decompensation in
that the cardiac output is low, the arteriovenous oxygen difference
is increased, the circulation time is mcreased, venous blood oxygen
content is decreased, arterial blood carbon dioxide content is Iowered,
venous pressure is elevated, and of pul y i
are present in the form of diminished vital capacity and, at times,
lowering of arterial blood oxygen saturation Dyspnea, orthopnea,
cyanosis and gastro-intestinal disturbances are, therefore, to be ex-
pected where the circulatory changes consequent to arrhythmia are
severe enough, or where they occur in 2 milder degree m a patient
with a previously damaged heart The fact that edema in visible
amounts does not occur is probably consequent to the short duration
of most paroxysms; some increase in extracellular flud may occur
but it is not enough to become apparent on clinical examination,

The card ular physiology of auricular tachycardia shows two
important differences, probably related, from those of chronic cardiac
decompensation One 15 the common occurrence of significant and
often marked decreases in arterial blood pressure. Starr and Rawson
(1940), basing their conclusions on observations made upon a me-
chanical model of the circulation, emphasized the fact that when car-
diac output falls, the arterial pressure will do hkewise unless either
vasoconstriction or an increase 1 blood volume occurs. In some
Patsents pallor and a cold, sweaty skin suggest the occurrence of vaso-
constriction due to sympathetic activity This phenomenon probably
accounts for maintenance of the arterial blood pressures at or near
normal levels 1 many instances In other patients, however, vasocon-
strction is madequate and the blood pressure falls, It 15 unlikely
that an increase in blood volume occurs during paroxysms of autk
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cular tachycardia; the common occutrence of sudden hypotension
suggests that this is so and, besides, the attacks are usually too short
in duration to allow appreciable new formation of blood, The fact
that elevation of venous pressure, occasionally in a striking degree,
can ocewr without increase in blood volume is evidence against the
concept (page 35) that the latter is the sole or most jmportant
factor in the venous hypatension of chronic cardiac decompensation;
the importance of back pressure from the failing heart seems to be
established

Caligpse. —~The low cardiac output, increased artetiovenous ozy
gen dfference, low venous blood oxygen content and profound hype-
tension, together with clinical signs of collapse, emphasize the sim-
flarity between the dynamics of auricnlar tachycardia and those of
shock. The development of the complete picture of shock, with

pp: of cellular oxidati and fall in oxygen consumption,
does not appear to occur in the collapse associated with arrhythmias,
the decreased oxygen consumption described by Barcroft ¢t ol (1921)
in their patient was associated with a fall in respiratory minute
volume, and may have been due to technical error or to the effects
of large amounts of sedation given during the parotysm. An jmpore
tant difference between the changes of surgical shock and those of
collapse due to archythmia is the maintenance of venous pressure
at hugh levels in auricular tachycardia. This rules out redufed
venous Teturn consequent to jmpaired perspheral vascular fun:u.m
as the cause of the collapse seen in this syndrome and shows that its
origin is primarily cardiac. It would seem that the collapse associated
with the atrhythmia would not be benefited by infusions.

Chest pain, — The occurrence of anginal pain in auricylar tachy-
cardia is not uncommon Decreased coronary flow, caused either by
a profound fall {n blood pressure or by matked shortening of diastole,
or both, is presumably the cause, for cardiac work js not increased
but actuslly may be considerably diminished.
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4. Ventricular Tachycardia

The circulatory and i y physology of paroxysmal ventric-
ular tachycardia is much like that of auricular tachycardia The
former arrhythmia, however, usually occurs in patients who have
serious preéxisting heart disease, so that the change in cardiac
rhythm as a rule is associated with very serious symptoms

Circulation — Marked decreases in cardiac minute volume output
and i in arteri oxygen occur as a conse-
quence of ventricular tachycardia (Dieuaide, 1924, Dogliotti et al.,
1937b; Stewart et of , 1938). The arm-to-tongue time is mncreased,
often markedly, and elevation of venous pressure is the rule during
the paroxysm (Doghott1 ef al, 1937b; Stewart e¢ al, 1938). The
capillaries show changes similar to those of congestive failure (Dog-
liotts et of , 1937b) and the resting blood lactate level has been re-
ported elevated in one patient {Hallock, 1939). The blood pressure
usually falls, often to lIow levels

Respiration. — The vital capacity is diminished during paroxysms
of the arrhythmia (Stewart e# af , 1938). Respiratory rate and minute
volume rise, with a consequent fall in alveolar carbon dioxide content
(Dieuaide, 1924); there is also an increase in oxygen consumption
(Dieuaide, 1924; Stewart ef al., 1938).

Blood gases.— The changes in the concentrations of the various
blood gases are in accord with the observed changes in circulation
and respiration The pulmonary congestion that occurs gives rise to a
{all in arterial blood oxygen saturation and the marked slowing of the
circulation present causes an additional decrease in venous oxygen
content (Dieuaide, 1924) A fall in alveolar carbon dioxide content
occurs and is paralleled by a decrease in arterial blood carbon di-
oxide content, in the one case reported, to 2 marked degree (Dieuaide,
1924), so great was the dyspnea in this patient that enough carbon
dioxide was washed out of the arterial blood to leave him with a
shghtly lowered venous carbon diotide content also, in spite of the
slowed circulation and increased oxygen consumption,

Symptoms. —- As in the case of auricular tachycardia, ventricular
tachycardia may manifest itself by dyspnea of varying degree, car-
diac pam, or collapse. The relatively more common occurrence of




256 CARDIAC ARREYTHMIAS

ventricular tachycardia in association with serious heart disease, such
as myaecardial infarction, tends to make the picture of shock or of
severe dyspnea more striking,

5. Nodal Tackycerdia

The reported data (Stewart ef ol., 1938) record a slight fall in
cardiac output with no change in venous pressure in a patient witk
this arrhythmia.

6. Complete Heart Block

Although a number of studies of the general circulatory changes
in patients with complete block have been publisbed, uniformity i
the findings is Jacking. This 15 perhaps to be accounted for by the fact
that heart block usually occurs as a complication of coronary attery
disease, and the patients often ifest myocardial insufficiency in
addution to the arthythmia; indeed, in many instances, chronic con
gestive failure dominates the picture, the arshythmia being only
incidental,

Cardiac output. — The output of the heart per minute is reported
as normal by most observers (3; Stewart ef al., 1038), while some
record low values (4), Some of the patients described by the latter
authors had gross congestive failure, The low values reported 'b)'
Starr et al. {2934 and Stewart ef ol (1938) were associated W}Ch
low metaholic rates, so that the cardiac output was normal in relation
to oxygen consumption. The stroke volume is of course very large,
since the pulse rate is Jow.

Circulation time. —'The arm-to-tongue or -face time has been
described as normal or increased (5; Ellis and Welss, 1931; Stew
art ef al., 1938). Similarly, the ether time may be normal or long
(Hitzig, 1935)-

Venous pumne‘wNormal values of venous pressure are fh?‘
scribed in all reported cases (Dogliotti e¢ al., 1937¢; Elfis and Weiss,
1p31; Hitzig, 1935; Stewart et al,, 1938).
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Arterial pressure, — The artenal blood pressure characteristically
is markedly elevated in systole, usually to or above zo0 mm-of-mer-
cury, while the diastolic level is normal or only slightly elevated.
The wide pulse pressure is probably to be accounted for by the very
much increased output of blood with each heart beat.

Capllaries.— A single observation records dilatation and slow
flow in the capillaries of the nailfold {Dogliotti ef al, 1937a}; this
may not be typical as the patient so studied also had a long circu-
lation time.

Respiratory dynamics.— A single report records somewhat de-
creased values for vital capacity (EHis and Weiss, 1931); in this
age group the low values need not be due to pulmonary congestion,
but may be iated with emph . The i y nunute
volume js usually normal, but may be somewhat increased when the
cardiac output is lowered (Smith et al., 1930), in the latter case,
the alveolar carbon dioxide content is diminished; otherwise it is
normal (Ringer and Altschule, 1930) The arterial blood oxygen

is normal in licated cases (Ellis and Weiss, 1931).

Efiect of exercise and fever.— Alt et al (1930) found a nor-
mal or almost normal increase in cardiac output when their patients
did light evercise Menne and Lauter (1931) and Stollreiter (1947)
recorded an abnormally small increase Ellis and Werss (1931) found
2 normal femoral arteriovenous oxygen difference and a normal blood
lactate curve in their patients after moderate exercise, The increase
in pulse rate during fever is small in patients with heart block (Gil-
christ, 1934).

Symptoms. — Although some of the physiologic studies record
normal responses in pattents with heart block during light or moder-
ate exercise, it is not unlikely that in severe exertion the cardiac output
may fail to increase normally; the possible rise n pulse rate is small,
and the increase in stroke volume must be limited because the out-
put per beat 1s almost maximal with the patient at rest. Accordingly,
patients with heart block may during exertion exhibit dyspnea or
weakness which, strictly speaking, are not evidences of myocardial
insufficiency. Such patients show little benefit after digitalization.

On the other hand, patients who already have valvular heart disease
or some degree of myocardial disease may develop full-blown con-
gestive failure with the onset of complete heart block. Such patients,
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their stroke output limited by disease, are able to maintain their
circulations at approximately a normal level by means of an fo-
creased pulse rate, but when complete heart block supervenes the car-
diac outpnt falls and the i ions of cardiac d p i
appear. These patients may benefit from digitalization by virtue of
the fact that the drug gives rise to an increase in output per beat
through increased force of contraction.

The probleras involved in the various types of syncopal attack
are many, Often these attacks are precipitated by a change from
partial to complete block; presumably 4 marked fall in cardiac out-
put otcurs in such instances. In other cases, the syncopal attacks
may develop even though complete block has been established for
some time. Ventricular standstill or fibtillation may account for some
of these, but others seem to be related to exercise or the ingestion
of a particularly large meal Presumably here a limited abifity to
increase cardiac output, together with increased demand for lood
flow to the muscles or viscera, results in a decrease in cetebral blood
flow,
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PERICARDITIS

Although many observers have noted abnormal elevation of the
venous pressure at rest or after exercise (1), and also increased spinal
fluid pressure (Porot, 1930) in pericarditis in general, it is more
illuminating in discussing the catdiovascular dynamics of pericarditis
to divide it mto (i) that due to fibrous pericarditis or concretio cordis
and (i1) that due to acute or subacute pericarditis with effusion.

1. Concretio Cordis

In concretio cordis the heart is encased in a tough shell which pre-
vents dilation in diastole and may also, by virtue of fibrous bands,
constrict the great veins as they enter the heart.

Cardiac output.— All authors report low values of cardiac out-
put, associated with an increased arteriovenous oxygen difference (2
Burwell et ol, 1932, 1935, 1938; Stewart et al, 19383), in some
instances, however, the decreases in minute volume output are not
great, and one author found normal values in his case (Debler, 1937)-
Since the heart is usually not enlarged greatly, if at all, the output
per minute in relation to size is not decreased as much as in chroni¢
congestive failure, where cardiac enlargement is the rule. Following
exercise an 2bnormally small increase in cardiac output has also
been recorded {Burwell and Strayhorn, 1932); similarly, no increase
in the output of the heart occurred in one case after 2 large rapid
intravenous infusion (Lyons and Burwell, 1946). The cause of the
decreased minute volume output of the heart is not myocardial weak-
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ness, for after successful removal of the constricting shell or of fibrous
bands, the catdiac output is usually restored to or toward normal,

Peripheral blood flow. — A single observation records the finding
of peripheral blood flow in the normal range (Stewart et al., 1946).
No increase occurred after digitalization, in contradistinction to
chronic congestive failure, where 2 considerable increase accurred.

Circulation time,— The arm-to-tongue time is long (3; Stewart
et al., 19380}, An interesting observation is that the ether time is
usually normal (Stewart et ol , 19385, 19394, b); either most of the
retardation of hlood flow apparently occurs in the Iungs or the ether
time is not a significant measure.

Venous pressure. — All authors report elevated values, usually be-
tween 20 and 40 cm-of-water, for venous pressure in concretio cordis
(4; Burwell et al, 1932, 1935, 1938, Stewart et al, 19385), this
mcludes the femoral venous pressure {Burwell and Flickinger, 1935).
An excessive nise during exertion or mtravenous mfusions has been
noted (Burwell and Blalock, 1938; Lyons and Burwell, 1946). In-
creased salt intake also increased the venous pressure somewhat in
one instance {Lyons and Burwell, 1946). After successful operation
the venous pressure returns to or toward normal An interesting
Phenomenon which should be further investigated is that described
by Veal and Hussey (1940), these authors reported that rapidly re-
peated squeezing of a rubber bulb — too little exertion to raise the
Venous pressure in myocardial insufficiency — will elevate 1t greatly
In the exercising limb if there exists an obstruction to venous flow
such as that caused by pericarditis or superior vena caval ocelusion.
If cortoborated, this may afford a helpful diagnostic test to assist
In differentiating between chronic congestive falure and pericardial
disease,

Right auriculor and right veniricular pressures.— The right intra-
auricular pressure is elevated and the normal gradient between the
venous and right auricular pressures is absent (Richards et a!, 1941,
1942; Bloomfield ef al, 1946), this finding suggests that outflow
from the lungs is also obstructed. The elevated right ventricular
pressure that has been noted (Bloomfield ef @l 1946) has the same
significance,

Arterial pressure.— A low artenal blood pressure with small
pulse pressure is characteristic of the syndrome, and pulsus para-
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doicus occurs in most instances also, The arterial blood pressure
and pulse pressure often return to normal after operation, but many
exceptions to this finding occur.

Vital capacity. — The vital capacity is often low, usually rising
after operation (Beck and Cushing, 1934; Beck and Griswold, 1930;
Burwell and Strayhorn, r93z; Lyons and Burwell, 1946); other
authors found that a postoperative inctease did not occur in every
instance (Heuer and Stewart, 1939; Stewart ¢ af,, 19388, 19394, b)-
Possibly the effects of an extensive intrathoracic operation are suff-
cient to mask the increase in vital capacity which might otherwise
occur. The decreased vital capacity, together with the above-de
scribed changes in right intra-auricular pressure, indicate that some
degree of stasts exists in the lungs in concretio cordis.

Blood volume. — The plasma volume, red cell volume and total
circulating blood volume are increased (Burwell and Blalock, 1938;
Lyons and Burwell, 1946; Smith and McKisack, goz). This change
is compensatory to the low cardiac output and resembles that seen in
chronic cardiac decompensation, although it may be less marked.

Cerebrospinal fluid pressure.~— The spinal fluid pressure is ele-
vated, s is to be expected in the presence of increased venous pres
sure (Burwell and Blalock, 1938). Nevertheless, signs of increased
intracranial pressure do not occur, )

Hepatic function — Icterus is not uncommon in concretio cordis
and elevations of the plasma bilirubin and dye retention have been
recorded (Ottenberg ef al., 1924). The carly development of severe
liver damage in this syndrome is well known and appears to be as-
sociated with very high venous pressure, for it also occurs in p2-
tients with severe disease of the tricuspid valve,

Blood carbonic anhydrase.— A single observation records .the
finding of normal values of blood carbonic anhydrase in one patient
(Lambie, 1938).

Symptoms — The occurrence of symptoms resembling those of
congestive failure is not surprising, The low cardiac output, evidences
of stasis in the lungs, bigh spinal fluid pressure, increased blood
volume, venous engorgement, and i d venous blood di 3
tion readily explain dyspnea on exertion, edema, orthopnea and cya-
sis, such as occur in this disorder On the other hand, dyspnea 3
Mo ot cavnens adoma of the ankles mav ha 2heent and orthophed

no
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is often mild or absent in patients with constrictive pericarditis, even
though the cardiovascular dynamics in this condition resemble those
of chronic congestive failure; in addition, the early development of
ascites some time before the appearance of ankle edema is the rule,

Although the cardiac output is often quite low in concretio cordis,
in some patients it is not greatly decreased. In most instances, the
lungs do not become as markedly congested as in patients with
chronic cardiac decompensation, The lessened degree of dyspnea
enables the patients to be fairly active, so that the lowering of venous
pressure which occurs with walking (page 36) and maintennce of
normal tissue tension through good muscle tone may act to inhibit
the development of peripheral edema; an additional factor is the
persistently normal plasma protein level (Burwell and Blalock, 1938;
Biorck ef al., 1948). M , the early develop of ascites
(ascites precox) often makes the patient seek medical attention long
before embarrassment of cardiac function becomes severe. Ascites
precox is explained by the early development of severe hepatic dis-
ease where, as in other cardiac disorders, venous pressures are mark-
edly elevated; a very high thoracic duct pressure associated with
concretio cordis is also a factor (Blalock and Burwell, 1935). The
common absence of severe orthopnea in spite of very high venous
and spinal fluid pressures is puzzhing; one explanation is the absence
of severe pulmonary changes in most cases. Also, it is the author’s
impression that patients with very high cerebrospinal fluid pressures
consequent to marked elevations of venous pressure usually have a
good deal of clouding of the sensorium, so that they are hikely to be
less troubled by symptoms than are other individuals,

2. Pericardial Effusion

Cardiac output. — The output of the heart has been reported as
diminished, with a return to or toward normal after paracentesis
(McGuire et al,, 1937, Stewart et ol , 1938a; Warren ef al., 1946).
On the other hand, Ewig and Hinsberg (1931} found it normal in
their case before and after pericardial tap. Fletcher (1945) also found
1o rise m the output of the heart after a pericardial tap in his
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patient with pericarditis, but the patient was apparently moribund,
for he died of pulmonary infarction within a few hours. In addition,
LeBlanc (rg22) found the arterial and venous blood gas contents
to be normal in his case. implying a normal cardiac output also. It
is understandable that variations might occur from case to case, de-
pending upon the amount of pericardial fluid and the degree of tam-
ponade.

Circulation time.— The arm-to-tongue time is usually reported
as increased; it decreases after paracentesis (Duras, 1944} Esser and
Berliner, 1943, Stewart e of,, 19382; Neurath, 1937). McGuire et
al. (1937) found the circulation time normal in their patient.

Venous pressure — The venous pressure is elevated and falls after
paracentesis (Fletcher, 1045; McGuire ef al., 1937; Stewart ef af,
1038a; Neurath, 1937); Stewart ef ol (1938¢) demonstrated the
close relation that exists between the intrapericardial pressure and the
peripheral venous pressure during paracentesis in a patient with a
pericardial effusion.

Right auricular pressure.— The pressure in the right auricle is
high and also falls after paracentesis (Fletcher, 1945; Warren ¢f ol
1046).

Arterial prossure; peripheral resistonce. — Depending upon the
degree of tamponade, there is a variable reduction in the arterfal
blood pressure and pulse pressure, They vsually, but pot jnvariably,
return to normal after pericardial tap (Stewart et al,, 19384). The
peripheral resistance is elevated before paracentesis (Warren éf ol
1946).

9‘I‘h'l)a[ capacity. — The vital capacity is low (McGuire e? al., 19373
Stewart et al., 1938, Neurath, 1937), either as a consequence of
encroachment on the Jungs by the distended pericardium, or bw’.‘-‘se
of pul y stasis dary to compression of the pulmonary veins,
or both.

Cutaneous copillarics. — Freedlander and Lenhart (1922) fU““_d
in the cutaneous capillanes the changes described above for chronic
cardiac decompensation (page 47).

Symp p ymp! in patients with peri-
cardial effusion are usually those of the traumatic or {ebrile mani-
feststians of the disorder that causes it, and also the local pain of
other discomfort. In addition, if the degree of tamponade is appre

—The
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ciable, a state of shock develops and must be treated. This type of
shoek is of interest because of the venous engorgement that is part
of the picture Here, as in the cardiac arrhythmias, the fall in cardiac
output is usually too rapid to be compensated by an increase in blood
volume, so that shock, rather than congestive failure, is the rule.
When the effusion develops slowly, however, a syndrome resembling
in many ways that of chronic congestive failure may result It must
be remembered that when the heart is dilated or hypertrophied by
antecedent disease, a relatively small pericardial effusion may cause
symptoms out of proportion to its size, since there is a limit beyond
which the pericardium will not stretch.
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VI

CONGENITAL AND ACQUIRED
CARDIAC DEFECTS

Two devel, namely, cat ization of the right side of
the heart and the application of surgery to the handling of patent
ductus arteriosus, coarctation of the aorta and pulmonic stenosis,
are making available data on the physiology of congemital heart dis-
ease formerly not obtainable It will be many years before all of
these data will be secured; accordingly, the present discussion is
essentially a review of the older literature and consideration of such
of the newer material as is available.

1. Patent Ductus Arteriosus

The circulation in patients with patent ductus arteriosus is not
distributed in a normal manner The output of the right ventricle
is equal to the amount of blood brought to it and is, therefore, identi-
cal with the peripheral (systermc) flow. However, this volume of
flow is not the same as that which passes through the lungs, since the
Tatter consists of the output of the nght ventricle, to which is added
a portion of the flow from the left. The left ventricular output com-
prises the volume shunted through the lungs together with that sent
to the periphery, the latter equaling the output of the right ventricle,
In effect, therefore, the output of the left ventricle is equal to the
volume of blood flow through the Tungs

Cardiae output.— A few studies by older methods of measuring
cardiac output have been recorded Lequime (1940) and Ruchards
(1931) investigated by means of hing methods the
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Arterial oxygen saturation,— This is normal since the shunt is
from left to right (Eppinger ef ol, 1941; Dexter e ol., 19462, b,
1947). As Dexter et al. (19462, b, 1947) and Johnson et al. (1947)
have shown, the pulmonary arterial blood contains more oxygen than
does that of the right ventricle.

Blood volume. — Although the blood volume is within the normal
range in patients with this disorder, 2 slight decrease occurs after
ligatron of the patent shunt (Eppinger ¢ a?, 1941; Nylin and Bigrck,
1947).

Symp — The mani ions of p of a patent duc~
tus arteriosus depend in large measure upon the size of the fistula
between the aorta and the pulmonary artery. This is true not only
of the loudness and character of the murmurs but also of the other
clinscal features as well. Thus, with a large ductus, the peripheral
signs of aortic insufficiency, namely, wide pulse pressure, Duroziez’s
sign, and capillary pulsation, may be present at rest; with smaller
defects they may appear only after exercise or may even be absent
entirely, Similarly, the diastolic murmur ordinarily heard at rest
may, in oceasional instances, appear only after exercise,

‘The mechanisms underlying these changes are clear; the aortic
systolic and diastolic pressures, higher than those in the pulmonary
artery, result n a flow of blood from the former into the latter
diastole as well as in systole. Accordingly, 1 an attempt to maintain
peripheral flow, an increased systolic aortic pressure must be pro-
duced, and since the diastolic aortic pressure falls because of the run-
off of blood into the ductus, the blood pressure measurements obtained
are those of aortic insufficiency; the peripheral vascular changes
must also be the same (page 287). In the case of a small ductus
the additional increases in aortic pressure and blood flow caused
by exercise may be necessary to bring out these signs as well as
the diastolic murmur, since at rest the pressure difference between
20rta and pulmonary attery 1s a good deal smaller in diastole than
in systole.

It is also clear that the work of the right ventricle remains close
to normal, since the shunted blood daes mot pass through it, that
of_ the left ventricle is greatly increased. Accordingly, left-sided cat-
diac enlargement and left-axis deviation in the el i
oceur as a rule, The systemic mamifestations of the disorder depend
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tion of respiratory gases in blood in the lungs and obtained data that
indicated a very large flow of blood through the lungs in their pa-
tients. Keys (1941) attempted to justify on mathematical grounds the
use of the acetylene method for measuring the systemic {nonpulmon-
ary) flow in patients with this disorder; he concluded that the
peripheral flow was usually normal and occasionally diminished.
The data of Starr and Jonas (1943), obtained by means of the
ballistocardiograph, are probably not reliable when the ductus is
open. These authors themselves recognize the fact that their metbod
leads to overestimates of cardiac output under these circumstances,
and their conclusion that it measures systemic flow alone does not
appear to be justified, They found normal values for cardiac out-
put in their patients with the ductus closed; these data are as relisble
as any obtained by that method.

In 1941, Eppinger, Burwell and Gross published the results of
their studies made by means of the direct Fick method, and more
recently, the same clinic has made studies by means of the catheter
(Dexter et al., 1946a, b, 1947). The flow through the lungs is in-
creased, often greatly, and that to the periphery is normal or low.
Low peripheral flows occur when a large ductus drains off so much
blood as to exceed the ability of the left ventricle to compensate by
an increase in its output; from ome-thurd to three-quarters of the
output of the left ventricle was found to be shunted back into the
lungs. Ligation of the ductus restores the circulation to normal (Ep-
pinger et al., 1941).

Venous pressure. — Eppinger et al. (1941) noted no deviation of
venous pressure from the normal.

Right heort p . — Right auricular, right ventricular and pul-
monary arterial pressures are all normal or borderline (Dexter ef al,
19464, b, 1947)-

Arterial pressure and pulse. — Many patients with patent ductus
arteriosus show the peripheral signs of aortic insufficiency, indudin‘g
the changes in arterial blood pressure (Eppinger ef al., 1041). Meg_l—
bow and Feitelberg (1948) described a specific pulse pattern 1T
patent ductus arteriosus,

Vital capacity.—1In spite of the shunting of large amounts of
Blood through the lungs, no reduction in vital capacity occurs (Ep-

pinger et al., 1941).
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through the lungs also occurs (Dexter et al., 1947). In patients with
Fallot’s tetralogy, the presence of pulmonic stenosis causes a de-
crease in flow through the pulmonary artery (Bing et al., 19472;
Dexter et ol,, 1947; Howarth et al., 1947). The systemic flow is,
however, usually normal, blood passing from the right ventricle
durectly to the left ventricle or aorta, some blood enters the lungs
from arteries in the chest running down over the pleura, that is,
there is a coll 1 In E ’s complex, where
pulmonic stenosis is absent, the pulmonary arterial and capillary
flow is also lower than the systemic; an unexplained increase in pul-
monary vascular resistance apparently gives rise to this phenomenon
Bing et ol., 19475, Handelsman ef al.,, 1947) The output of each
ventricle in cases of ventricular septal defect or of overnding of the
aorta varies with the amount of shunting and, when pulmonary sten-
osis is present, with its degree. The blood flow through the lungs,
that is, the output of the right ventricle plus blood flowing through
collaterals, may be greater than, equal to, or less than the flow to
the penphery, that is, the output of the left ventricle, Unless the flow
through the lungs is less than the systemic flow, Blalock’s (1945,
1946) operation should not be done (Dexter ef ol., 1946a, b) Pul-
monary flow increases during exertion in patients with isolated septal
defects but not with tetralogy of Fallot (Handelsman ef al,, 1947).

Circulation time.— The arm-to-tongue time may be greatly di-
minished, since some of the blood returning from the arm does not
pass through the lungs when the shunt is from right to left (Bain,
1934; Benenson and Hitzig, 1938, McGuire and Goldman, 1937,
Prinzmetal, 1941}, In such instances, the end point following the
mjection of ether into an antecubital vein may be tingling of the face
rather than ether on the breath However, the circulation time need
ot be reduced in ail cases (Bain, 1934; McGuire and Goldman,
1937; Myer, 1932; Prinzmetal, 1941). Prinzmetal (1941) bas used
measurements of the cnrcu]atmn time to calculate the approximate
size of the shunt.

Right heart and pulmonary orterial pressures.—In the case of
auricular septal defects the right auncular pressure is normal and the
right ventri normal or d (Brannon et ol ,
1945). The left auricular pressure is slightly above that of the nght
auricle {Cournand ¢t al., 1947). The right ventricular and pulmon-




afq CARDIAC DEFECTS

on how much of the blood is shunted off into useless circulation
through the lungs, with the resultant deprivation to the peripheral
tissues. The patients may exhibit retarded growth and development
and may complain of variable amounts of exertional weakness and
dyspnea. The dynamic changes of the disorder and their physical
consequences are reversed by ligation of the patent ductus.

2. Sepral Defects. Morbus Caernlens

Congenital septal defects vary greatly in size and location, and
may occur alone or in association with other congenital cardiovascu-
lar malformations of various degrees of complexity and severity.
Often the precise or complete anatomical diagrosis is not made during
life, so that the fairly large number of studies made in patients of
this type do not yield a homogeneous body of data. In addition,
some of the patients studied had congestive failure, while otbers did
not. Another fact to be borne in mind is that many of the patients
studied are in the younger age groups, for which normal standards
for circulatory and respiratory function are not established.

Cardiac output. — The presence of a septal defect causes in some
cases an almost immediate recirculation through the lungs of some
blood that has once gone through them, while in most instances
where cyanosis is present, some blood returning to the right auricle
is not passed through the Iungs at that time. Accordingly, the methods
for measuring cardiac output that measure the flow through the Iungs
cannot be expected to give intelligible results, Moreover, where the
shunt is from left to right, the flow through the lungs may be muck
greater than that to the periphery. Studies bearing on cardiac output,
made by older methods, have been teported by a number of
authors (1). More recent studies by means of the catheter have,
for the first time, afforded precise data of this type. Thus, in the cast
of auricular septal defect, there is a normal peripheral flow, but an
increase in flow through the lungs of approximately oo per cent
(Brannon ef al., 1945; Dexter et al., 1947; Howarth ef al., {9471
Handelsman ef al., 1947). In the case of uncomplicated ventricular
septal defects 2 large flow of blood through the shunt and then
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foughly with the degree of hyperventilation (Blalock and Taussig,
1945; Dautrebande ef al., 1929; Hitzenberger and Tuchfeld, 1931;
Richards, 1931). The venous blood carbon dioxide content is normal
(Pearce, 1921); however, if hyperventilation is severe, it may be
lowered (Hitzenberger and Tuchfeld, 1931). The blood pH may be
slightly increased (Dautrebande ef al., 1929) under the latter con-
ditions,

Deviations from the normal blood gas concentrations are largely
reversed by Blalock’s (1945, 1946) operation; this finding demon-
strates the primary role of decreased pulmonary blood flow in the
above-discussed phenomena.

Blood volume; erythrocyte fragility. — The occurrence of poly-
cythemia, as manifested by high erythrocyte counts and hematocrit
values, is well known to occur in congenital heart disease character-
ized by persistent cyanosis. However, these conditions give no true
indication of changes in the blood volume, since the plasma volume
is said to be low (Blumenfeldt and Wollheim, 1927; Hallock, 1940;
Myer, 1932). The red cell volume is nevertheless elevated (Blumen-
feldt and Wollheim, 1927; Hallock, 1940; Weber and Domer,
1911); the same is true of the total blood volume (Hallock, 1040;
Hitzenberger and Tuchfeld, 1929; Weber and Dorner, 1g11; Nelson
¢t al, 1947) Taussig and Blalock (1947) have correlated the oc-
currence of polycythemia with arterial blood oxygen saturation;
when the latter falls below seventy per cent, the erythrocyte count
increases. Increased fragility of erythrocytes has been reported by
Greenthal and O'Donnell (1g21) in two patients with cyanosis due
to congenital heart disease The increases in blood red cell count,
hematocrit and otygen capacity resemble those seen at high alti-
tudes (page rog), suggesting a similar mechanism However, the
plasma volume 15 not appreciably different from normal at high alti-
tudes and the fragility of the red cells is decreased, both of which
;hanges are different from those seen in patients with morbus caeru-

eus,

Blood carbonic ankydrase.— A normal level of blood carbonic
anhydrase activity has been reported in an infant with congenital
bFarl disease and cyanosis (Stevenson, 1943). Clearly much addi-
tional information is necessary.

Peripheral vasculor system, — One report {Rominger, 1920) re-
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ary artery pressures are also normal in instances of ventricular septal
defect (Dexter ¢f al., 1947); however, a large defect in the ventric-
ular wall results in elevation of the pulmonary arterial pressure
(Blalock, 1946) and in the nght ventricular pressure (Dexter et o,
1946a, b). In the case of Fallot’s tetralogy, the presence of pulmonic
stenosis raises the right ventricular pressure (Bing ef dl., 19478;
Dexter et al,, 1947) but the pulmonary arterial pressure remains
normal or may fall. In Eisenmenger’s complex the right ventricular
and pulmonary arterial pressures are very greatly increased, for rea-
sons not clear at present (Bing ef al., 19475).

Lung volume and s subdivisions. — The residual, reserve and
complemental air volumes are normal in uncomplicated cases, as is
the vital capacity also (Myer, 1932; Richards, 1931).

Respiratory dynamics.— The respiratory rate (French et dl,
19v9) and minute volume are increased above normal (Pearce, 1921;
Campbell and Poulton, 1927; Blumenfeldt and Wollheim, 1927;
Dautrebande ef al., 1929; Bing, 19472, b); they are not lowered
by inhalation of oxygen (Campbell and Poulton, 1927). The alveolsr
air carbon dioxide is reduced as a consequence of hyperventilation
in this disorder (2, Richards, 1931).

Blood gases,— In the case of auricular septal defects significant
changes in arterial blood oxygen do not occur (Brannon e al., 1945).
However, the right atrial blood is arterialized (Brannon é&f al.,
1945; Geiger ¢t al., 1946; Johnson et al., 1947). This finding is diag-
nostic of the condition With simple ventricular defects, on the other
hand, the right ventricular blood contains more oxygen than that
in the auricle (Baldwin et al, 1046; Dexter ef al., 1947; Johnsor
et al., 1947) because of the flow of blood from the left to the right
ventricle In cases of Fallot’s tetralogy or Eisenmenger’s complex,
lowering of arterial blood oxygen saturation has long been known
(3; Taussig and Blalock, 1947), it is not influenced by oxygen
therapy. During exercise the arterial blood oxygen saturation falls
still lower (Blalock, 1946; Bing et al, 10474, b, Montgomery ef al.,
1948; Gullickson ef al, 1948). The lowered arterial oxygen content
is a consequence of admixture in the left ventricle of unovygenated
blood, for pulmonary capillary and venous blood is normal (Dexter
et al., 1946b, Handelsman et al., 1947). .

The arterial blood carbon dioxide content is lowered, varying
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degrees of exertional weakness and dyspnea and, if the defect is
large, retardation of growth and develop: Cardiac dec §
may ultimately develop. The occurrence of cyanosis of the persistent
type in this group of patients is the consequence of pulmonary con-
gestion developing during congestive failure. Attacks of cyanosis
may, however, occur from the first, when the intrapulmonary pressure
is raised by coughing, straimng, crying, and so on, thus elevating the
pressute in the right auricle and reversing the prevailing flow so that
deovygenated blood enters the left side of the heart directly and is
passed to the periphery.

Simple ventricular septal defects cause similar dynamic changes
and may give rise to similar manifestations in general. The diagnosis
here is established by the finding of normally oxygenated blood in
the right auricle and overoxygenated blood m the right ventricle, If
the defect is Jarge the right ventricular pressure may be elevated.

Pulmonic stenosis of high degree, or overriding of the septum by
the aorta, give rise to persistent cyanosis from the start The various
congenital cardiac disorders that are iated waith i cyano-
sis may be grouped together for purposes of discussion under the
names “morbus caeruleus” or “maladie bleue ” The occurrence of
cyanosis consequent to admixture of venous blood with arterial, and
exaggerated by polycythemia, has been discussed by Lundsgaard and
Van Slyke (1923). Of even more interest is the fact that patients with
morbus caeruleus may have normal lungs (page 276) and yet show
exertional dyspnea. The importance of lactic acidosis in the exer-
tional dyspnea of congenital heart disease has been stressed by
Hallock (1938, 1930) A parallel to induced anoxia in normal sub-
Jects who also show abnormally elevated blood lactate aiter exercise
(page 87) suggests itself. It is not unreasonable to conclude, there-
fore, that since lactic acidosis consequent to tissue anoxia causes
dyspnea in congenital heart disease, it is also a factor favoring
d_YSPnea in chronic congestive heart failure; this conclusion reempha-
sizes the chemical factors in the genests of such dyspnea. However,
wheteas dyspnea is bettered by mnhalation of oxygen in pulmonary
(page 314) and cardiac patients (page 191), no such favorable re-
sbonse occurs in morbus caeruleus, since the tissue anoxia here is
consequent to mixing of venous and arterial blood Blowing off of
catbon dioxide from the alveolar air and arterial blood bas been held
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cords dilatation of the venous loop and slowed flow in the capillaries
of the nail beds in cyanotic congenital cardiacs, while Blumenfeldt
and Wollheim (1927) found no such change, It is to be expected
that the presence of polycythemia would result in an increase in the
number of visible capillaries, widening of their lumina and slowing
of flow in them. Additional studies should be made, especially since
calculations have been recorded by Bing ¢t al. (1947¢) which suggest
the occurrence of changes in peripheral resistance.

Blood lactate; oxygen debt.— Although the resting blood lactate
Tevel is usually normal in morbus caeruleus, abnormally large rises
occur in exercise, the rise paralleling dyspnea (Hallock, 1938, 1939).
Oxygen debt after exercise is large (Petersen ef al., 1921).

Symptoms — As has already been noted, the clinical manifesta-
tions of septal defects vary with their location, their size, and the
presence or absence of associated anomalies of various types. Simple
interauricular defects are easiest to understand. Here blood leaviog
the left auricle passes in part to the left ventricle and in part to
the right auricle. That which enters the left ventricle is distributed
throughout the body in a normal manner and the peripheral flow
is usually normal. The blood that enters the right auricle from the
left, apparently because of a small difference in pressure, goes to the
right ventricle, through the Jungs and back to the left auricle, The
blood passing through these three chambers is joined by that re-
turning from the periphery and the flow through this short circuit
is increased to a variable degree; it may be twice normal Acc?rd-
ingly, dilatat:on of these three chambers and hypertrophy of the right
ventricle may be marked; the pulmonary artery is dilated. Enlarge-
ment of the heart to the right, and right-axis deviation in the electro-
cardiogram are the rule, Dilatation of the auricles may be enormous
and lead to confusing roentgenograms, A high incidence of partial
heart block and auricular fibrillation occurs, in contradistinction to
other types of congenital heart disease, where arrhythmias are un-
common; the mechanisms underlying these arrhythmias are probably
similar to those that occur 1n mitral stenosis (page 285).

The diagnosis is established by the finding of blood abnor'ma“y
well oxygenated in the right auricle, thus demonstrating adm{xture
of the blood from the left auricle. The systemic effects of auricutar
septal defect consist, like those of patent ductus arteriosus, in varylng
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they are associated with a high basal metabolic rate, so that the artetio-
venous oxygen difference remains normal. Stewart ef al. (1938, 1941)
reported a slight decrease in cardiac output in one patient.

Circulation time,— The arm-to-tongue time is within the normal
range usually (Blumgart ef al, xg31; Stewart et al, 1038, 1941,
1944}); the arm-to-leg time tends to be prolonged (Blumgart ef al.,
1931; Stewart and Bailey, x941). The latter finding appears to be
the consequence of the long, winding path which blood from the
heart must traverse to reach the foot.

Venous pressure. —The venous pressure is normal in the absence
of congestive failure (Stewart et al., 1944).

Peripheral blood flow. — The peripheral blood flow as a whole is,
like the cardiac output, normal or somewhat increased (Stewart et ol ,
1944). The flows through the arm (Lewis, 1933, Pickering, 1935;
Printzmetal and Wilson, 1936) and leg (Lewis, 1933), measured
plethysmographically, are normal, as are the arteriovenous oxygen
differences in the arm and leg (Blumgart et al., 1931). Bing et al.
(1948) found arm blood flow much mcreased and leg blood flow

lowered, Accordingly, it must be concluded that although
blood going to the legs takes a long route, the volume of blood flowing
through the lower extremties is normal, at least at rest That it may
be inadequate during exertion is suggested by the fact that inter-
mittent claudication of the leg muscles may occur; measurements
tmade during or shortly after walking are, however, not available.

Tistue gas tensions, — Fragmentary studies in one patient record
low oxygen and high carbon dioxide tensions in the tissues {Seevers
et al, 1936),

Femoral arterial pulse. — The pulse over the femoral artery is, as
expected, retarded (Lewis, 1933; Railsbach and Dock, 1929; Wood-
bury et al.,, 1940; Galdston and Steele, 1948}, and the pulse wave is
flat and smooth (Woodbury et al., 1940; Megibow and Feitelberg,
1948). The pulse may feel weak or be impalpable.

Renal vascular dynomics, — The renal blood flow, as measured by
the inulin clearance, is Jow, but glomerular filtration is normal, so
that the efferent arterioles probably are constricted (Friedman et al,
1941). The decreased blood fiow in the kidneys and Jow pulse pres-
sure that must exist in the renal arteries might result in a sitnation
analogous to that studied extensively by Goldblatt.
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by some to be a consequence of reflexes from congested lungs, but
morbus caeruleus offers an example of a similar hyperventilation in
cardiac disease with no congestion of the lungs; indeed, circulation
through the lungs may be diminished, Tissue anoxia, consequent to
low arterial oxygen saturation, appears to be the mechanism for hyper-
ventilation in patients with congenital heart disease without cardiac
dec ion, The i ions of morbus caeruleus are the
local signs of a cardiac shunt combined with Jized manife
tions of chronic anoxia. Retarded growth and development and 2
poor nutritional state are commeonly found in cyanotic patients with
congenital heart disease Although inadequate oxygenation of tissues
is usually considered the “hani: ible for these i
tions, it is not unlikely that impaired gastro-intestinal function, as
discussed elsewhere (page 136), is also important.

Marked pulmonic stenosis may so impede flow to the lungs as to
enhance the symptomatology. Under these circumstances, it is pos-
sible to secure some degree of improvement by anastomosing a major
branch of the aorta to a pulmonary artery (Blalock, 1945, 1946),
causing more blood to enter the lungs and thereby increasing the
arterial blood oxygen content. This operation should not be done
when the pulmonary flow is as large as, or larger than, the peripheral;
studies with the catheter should precede the operation.

3. Coarctation of the Aorta of the Adult Type

Coarctation (stenosis of the isthmus) of the aorta of the adult
type, formerly considered a rare anomaly, is now being recﬁgﬂi"f’
with increasing frequency. It is often assoctated with other congeni-
tal cardiovascular malformations but is compatible with a long and
active life. The condition is of interest not only because of the ex-

tensive and licated col 1 circulation which develops, but

also because of the changes in cardiovascular dynamics it causes. Re-
lief by operation has been described (Crafoord and Nylin, 1045).
Cerdiac output. — The output of the heart at rest js nosmal of
somewhat increased (Lequime, 1940; Grollman and Ferrigan, 1934}
Stewart and Bailey, 1941; Bing ef ol.,, 1948); when increases oceur
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which is consistent with the view expressed by Rytand (r938). This
mechanism could account for the brachial systolic hypertension, the
low systalic pressure found in the legs, however, must be due to the
stenosis in the aorta. On the other hand Bing et al. (1948), who
found no elevation of femoral diastolic pressure in their patients,
concluded that the hemodynamic changes found m the legs were
entirely due to the effects on blood flow of the obstruction itself.
Whatever its mechanism, the hypertension must be regarded as the
cause of the arteriosclerosis and congestive failure that may develop
in patients with coarctation of the aorta.

Basal metabolic rate.—The basal metabolic rate is commonly
found to be elevated (Blackford, 1928, Grollman and Ferrigan,
1934; Stewart and Bailey, 1941; Ulrich, 1932), although the mech-
anism responsible for this finding is unknown, it may be similar to
that which often causes elevation of metabohe rate in patients with
essential hypertension.

Symptoms. — Aside from climcal manifestations of associated
congenital anomalies, the complaints and physical signs of coarcta-
tion of the aorta fall into two main groups. (i) those of hypertension,
including headache, palpitation, cardiac enlargement, generalized
atteriosclerosis and congestive failure and (i) those of mild or
moderate peripheral vascular msufficiency, including cold feet, inter-
mittent claudication and decreased or absent pulsations in the arteries
of the legs; gangrene does not develop Although many patients with
this disorder live long normal lives, many others die, principally of
congestive failure and cerebral hemorrhage. The condition can suc-
cessfully be relieved by operation (Crafoord and Nylin, 1945).

4. Acquired Valyular Disease

Precise characterization in guantifative terms of the dynamic
effects of acquired, or any other, valvular lesions in man is beset
.Wiﬂl difficulty. Accuracy of diagnosis of the presence of such lesions
I not possible. Estimation of the severity of a lesion from physical
signs 1s often grossly inaccurate. The common association with val-
vular lesions of myocardial damage or insufficiency confuses the
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Arterial blood pressure.—~ A diagnostic finding in patients with
coarctation of the aorta is systolic hypertension in the arms and
normal systolic pressure or systolic hypotension in the legs; in rare
instances the various arterial pressures may all be normal {King,
1937}. The brachial systolic pressure is usually between 140 and 170
mm-of-mercury, The diastolic blood pressure, on the other hand, is
the same, or not markedly different, in the arms and legs (4; Wood-
bury et al., 1940; Galdston and Steele, 1948); it vsually ranges be
tween 85 and 100 mm-of-mercury. On the other kand Craloord and
Nylin (1945) and Bing e# al. (1048) found no elevation of diastolic
pressure in the leg. Steele (1939) showed in animals that a damp
on the aorta above the renal veins resulted in an elevation of the
diastolic pressure in the legs as well as in the upper parts,

In patients with coarctation of the aorts, the brackia) arterio}
pressute i3 elevated after work, but that in the legs is unchanged
(Crafoord and Nylin, 1945); after relief of the condition by cpera-
tion, the pressure in the legs also rises during exertion, Lewis (1933)
felt that the hypertension in the arteries above the stenosis deve\op.eé
{n order to maintam an adequate flow of blood distal to the covsincs
tion, hut against this concept is the fact that hypertension does not
develop in patients with circulatory insufficiency in the legs conse:
queny to arterial disease,

A considerable body of work done on animals shows that when the
arch of the aorta is clamped, an immediate fise in brachial b}?od
pressure occurs (Barcroft, 19316, b, 1933; Barcroft ang Forrfl!Jne»
1034; Brotchner, 1930): however, Page {1940) showed this rise to
be temporaty. Recently, Rytand (1938) concluded, on the bzs1§ of
the results of experiments in animals, that the persistent generalized
diastolic hypertension of coarctation of the aorfa was a Goldbatt
phenomenon, that is, a humoral phenomenon, which eccurred as 2
consequence of renal ischemia. This coucept is supported by the
finding of similarly elevated dtastolic blood pressure levels in the brach-
ial and femoral arteries of patients with coarctation of the aorta and
also by the fact that after operation approximately 2 month m\:\st
elapse before the hypertension disappears (Crafoord ax'id Nylin,
1945). Although a neurogenic mechanism for the hypertension ?E the
p fon was stuggested by Pri 1 and Wilson (1936, Picker
ing (1935) concluded that a humoral mechanism was responsible,
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Mitral stenosis. — A number of authors have studied the circula-
tory dynamics in patients with mitral stenosis (5; Cossio and Ber-
consky, 1939; Stewart et al., 1938); some have stated that the car-
diac output is often low. It is difficult, however, to evaluate these
data, since the dynamic effects of the valve lesion ate identical with

some of those that occur as a of dial s

and the latter may have been present in some of the patients studied.
Bloomfield ef al. (1046), in a study made by means of the catheter,
found the systolic right ventricular pressure elevated; the diastolic
was normal. The right auricular pressure was also normal The very
high venous pressures found by Cossio and Berconsky (1939) and
plained as a of ob jon of the superior vena cava
have not been found by other workers

The symptoms of mitral stenosis are, as expected, dyspnea on ex-
ertion even before myocardial insuffictency develops Such exertional
dyspaea may be present for years, or even decades, before frank
farlure makes itself manifest, m some instances, the crculation time
through the lungs may be il because of y stasis,
even in the absence of myocardial weakness. This dyspnea due to
mechanical factors need not have the same unfavorable significance
as dyspnea to dial i iency. It 15 worthy of
mote that even though pul y eng and d pul-
monary vascular pressure may be present to a marked degree, severe
enough to cause recurrent hemoptyses, attacks of acute pulmonary
edema are rel 3} The prol d pul 'y conges-
tion of mitral stenosis may ultimately result m lesions in the pul-
monary vascular tree (Parker and Weiss, 1936) or in fibrotic pen-
vascular lesions (Moschcowitz, 1930; Parker and Weiss, 1936) known
to pathologists as “brown induration of the lungs.” The brown color-
ation is probably due to the presence of pigment either free or in
PBagocytes, that is, the “heart failure cells,” When fibrosis of the
lungs develops in significant degree, clubbing of the fingers, polycy-~
themia and the manifestations of pulmonary fibrosts in general (page
302) may appear

Aurieular fibrillation is recognized as cormon in mitral stenosis.
The origin of this arrthythmia in general is not clearly understood by
many chinicians. Auricular fibnilation develops when auricular cons
duction is slowed and the refractory period of the auricular myocar-
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picture, as do the facts that in a majority of instances more than
one valve is involved and more than one type of damage to each
valve exists. Accordingly, the interpretation of many of the published
data is most insecure,

On the other hand, it is possible to formulate certain conclusions
as to the effects of valvular lesions in general. For instance, it is ap-
parent that stenotic lesions place a variable amount of strain on the
ventricle which is situated in a retrograde position; it has actually
been shown (page 276) that the right ventricular pressure 15 ele-
vated in patients with pulmonic stenosis and also in those with
mitral stenosis (Bloomfield ef al., 1946). Therefore, according to the
formula of Evans and Matsuoka (1915), IV = OP 4+ % (w/g)V?
the work W of the ventricle is increased because the pressure P is
greater, In this equation, O is the output of the heart, so that the
term OP represents the output and pressure factors in blood flow and
the term % (w/g)V? represents the velocity factor, Ordinatily, the
latter is equal to only approximately 2 per cent of the total cardizc
work, but, in the presence of stenotic lesions, interference with the
ability of the ventricle to impart velocity to the blood results in an
increase in the velocity factor, so that it may rise to 20 per cent of
the work of the heart (Evans and Matsuoka, 1g15). These factors
become exaggerated during exertion, so that during work the cost
to the heart of maintaining the necessary increases in blood flow
and blood pressure may be so much greater than normal as to ren-
der its attainment impossible In addition, the fact that the
cardiac work is increased at rest reduces the reserve to be used duriog
exertion,

These theotetical considerations have had ample verification in the
demonstration in man that patients with valvular disease often ex-
hibit a subnormal mcrease in cardiac output during work (page 8)
and an increased oxygen debt (page gr) and flow debt after it
(page 28). A similar state results in patients with regurgitant Iesiun.f:,
but here the strain on a ventricle is a consequence of the fact that it
must put out more blood and develop a higher pressure than normal
in order to maintain a normal flow ahead.

Another fact to be borne in mind is that the organ immediately
retrograde to 2 damaged valve usually shows the greatest and the
earliest evidence of damage.
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measured with a foreign gas by means of the Fick principle, with
the output of the left ventricle, measured by other means, normally
the two are equal. Since none of the methods used by these authors
yields results of absolute accuracy, their conclusions must be ac-
cepted with a good deal of reservation. The amount of regurgitahion
in aortic insufficiency has been calculated by these authors to range
between 15 and 4o per cent of the output of the Jeft ventricle The
resulting increase m cardiac work favors the development of failure,
although myocardial weakness due to damage to the heart muscle
itself is more important in many instances The inefficiency of the
beart in aortic insufficiency probably lmits the mcrease in cardiac
output that occurs in exercise, for Abramson ef ¢/ (1942) found that
work led to a more persistent increase in peripheral flow than normal,
asif a debt had to be discharged.

The peripheral vascular phenomena of aortic insufficiency have m-
terested clinicians for many decades. The low diastolic pressure is a
direct consequence of regurgitation The collapsing pulse has been
studied extensively and, contrary to the opinion held by most clini-
clans, it is not the direct result of regurgitation of blood from the
aorta and main arteries. Stewart (19o8) showed that most of the
sharp fall in blood pressure in aortic insufficiency occurs durmg
systole, and this has recently been corroborated by studies made in
man by means of arterial puncture (Kotte et al, 1944). This finding
led Hewlett and Van Zwaluwenburg (1913), and many others since, to
conclude that peripheral vasodiatation 15 present m aortic insuffi-
C.ienty, so that blood quickly runs off into the periphery. This conclu-
sion is reasonable, for in effect the left ventricle and the peripberal
circulation are 1 competition for the blood in the aorta in patients
with aortic insufficiency; peripheral vasodilatation would favor the
flow of blood to the periphery However, Hewlett and Van Zwaluwen-
burg (1913) found a regurgitant rather than a forward flow in the
arteries The fact that Abramson ef ol (1942) observed no constant
flevxation from the normal value for fotel flow through the arm or leg
In aortic insufficiency is not helpful in this regard. Wiggers (1931) re-
viewed the expermental data available and concluded that peripheral
vasodilatation does not occur in this disease, he felt that aortic re-
gurgitation results in a change in ventricular dynamics so that the
Curve of antraventricular pressure rises more steeply and to a higher
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dium is shortened. How the first of these is brought about is not
known, but it is established that vagal action accomplishes the
secand. Evidence for the role of vagal hyperactivity in inducing auric-
ular fibrillation in general and in mitral stenosis in particular is pre-
sented in detail elsewhere (Altschule, 1939, 1943). It has been pointed
out that a majority of patients have other evidences of vagal hyper-
activity before the onset of auricular fibrillation, The origin of these
vagal impulses is obscure, but it is possible that they are reflex and
arise from overdistention of the great veins, active rheumatic lesions
in the great veins or aorta, congestion of the lungs, or other sources
of vagal reflexes.

Aortic stenosis. — In addition to the typical murmur, which re-
quires no discussion, there are striking peripheral signs in patients
with marked aortic stenosis, namely, bradycardia, small pulse pres-
sure, systolic hypotension, diastolic hypertension, small pulse and 2
flat pulse wave, The bradycardia cannot be explained, although pro-
longation of the period of ventricular ejection may be 1mportant in
that it would necessarily tend to decrease the number of systoles
possible per minute, 1f diastole remained unchanged. The other signs
are so strikingly hike those that obtain below the constriction in co-
arctation of the aorta as to suggest a simlar mechanism (page 281).
The low systolic pressure is due to the presence of the stricture it-
self, but the elevated diastolic pressure may be the consequence of 3
Goldblatt phenomenon, much like the one that Rytand (1938) dis-
cussed in relation to coarctation, The result is a decreased puf?e
pressure and a small pulse. Attacks of syncope, not infrequently n
relation to exertion, may occur. During exertion the muscles drain
off an increased portion of the circulation and, since increases in car-
diac output are limited, other parts of the body, including the brain,
suffer. Other mechanisms, as yet not understood, may also play 2
part. Angina pectoris is also common; this is probably related to
narrowing of the coronary ostia by scar tissue. 5

Aortsc insufficiency. — Although patients with compensated aortic
insufficiency show a normal cardiac output at rest, the output of th.e
left ventricle is actually i d in order to p for regurgi-
tation of blood past the damaged valves Bazett cf al, (1941) and
Keys and Freidell (19392, &) have attempted to estimate the zfmaunt
urgitatton by comparing the output of the right ventricle, as

of reg
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diastolic aortic pressure. The occurrence of attacks of pulmonary
edema and, in many instances, the rapid progression of congestive
failure when it occurs are both not well understood. Paroxysmal at-
tacks of sinus tachycardia together with hypertension may be very
distressing (Lewis, 1931); their mechanism is obscure but may be
related to the loss of di reflex mechanisms found in
patients (Hamilton ef al., 1944) and also in experimental animals
(Brewer ef al., 1934) with aortic insufficiency.

Rheumatic tricuspid disease, — Organic disease of the tricuspid
vale is of interest to clinicians because of the striking clinical mani-
festations, including marked venous pulsations, early development of
cirrhosis and the unusual coloration of the skin consequent to the
simultaneous occurrence of icterus and cyanosis In addition, this
valve lesion is of considerable theoretical importance since it causes
very high venous pressure which may persist for years without giving
tise o edema, and jt may be associated with some degree of orthop-
nea, even in the absence of myocardial insufficiency The condition
is relatively uncommon; hence, data bearing on cardiorespiratory
function are scanty,

{1) Cerdiac output Normal values of cardiac output obtain when
the heart 15 compensated (Altschule e of, 1937, 1940); when con-
gestive failure develops the wsual fall m cardiac minute volume out-
put occurs,

(2) Crrculation time The arm-to-tongue time is long 1o the ab-
sence of congestive failure and becomes longer when failure super-
venes (Altschule et al., 1937, 1940). The increase that occurs before
the onset of failure js probazbly entirely in the venous segment, there
are, however, no data bearing on this pont.

R (3) Right heart pressures. The systolic right ventricular pressure
is elevated but the diastolic §s normal {Bloomfield et al, 1947),
ﬁ"fdmgs which are difficult to interpret since they may be due to
n|.1txal stenosis; arganic rheumatic tricuspid disease without mitral
disease is rare (Altschule and Budnitz, 1940). The night aurtcular
Pressure is also elevated (Bloomfield ef al., 1946); the gradient be-
tween auricular and ventricular pressure may be reversed during
pa.rl of the cardiac cycle. The right auricular pressure nses in in-
Spitation for reasons not known (Lauson ¢t al.,, 1946).

(@) Venous pressure, High venous pressures are found in all pa-
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level than normal, with an almost equally steep fall so that the pres-
sure is well on its way back to the base Jine before the end of systole.

The concept that peripheral vasodilatation occurs in aortic insuffi-
ciency outwardly receives support from the common finding of capil-
lary pulsation in this disease. Lewis (1924) and Heimberger (1925)
showed that dilatation caused the apy of this ph
non. Wiggers (1931), on the other hand, demonstrated by means of
artificial model circulatory systems that aortic insufficiency can cause
capillary and even venous pulsation in spite of the absence of any
change in peripheral resistance. There has been some controversy as
to which vessels give rise to the phenomenon of capillaty pulsation;
Boas (1922), Fischl (1923} and Hisinger-Jagerskicld (1924) found
no abnormal pulsations in the capillaries an direct micrascopic exam-
ination in patients with aortic insufficiency. Secher {1922) and 2
later report by Boas (x924) describe such pulsations as inconstant,
However, the observation of pulsation, pulsatile flow and even re-
gurgitation in the capillaries, made by means of direct miscroscopy
by Jirgensen (1920), Freediander and Lenbart (rgzz), Sumball
(1923), Weiss and Dieter (1920), and Lewis (1924}, are convincing.
Accordingly, it must be concluded that the rhythmic flushing of
aortic insufficiency is consequent largely to changes in capiltary circu-
lation; the abnormal pulsations seen in venules must also play an
important role,

The concept of “free aortic regurgitation,” based on the finding by
auscultation of a dstolic blood pressure at or near zevo, is ptobably
erroneous, for direct arterial puncture has shown that values obtained
by the auscultatory method are much too Jow in many or most pa-
tients with aortic valvular insufficiency (Kotte et af., 1944; Ragan
and Bordley, 1943). Another chinically accepted concept, namely,
that a femoral arterial pressure higher than the brachial 1s diagnostic
of acrtic insufficiency, has been negated by the work of Kotte,
Iglaer and McGuire (1944), who showed that this difference also
exists in & majority of normal individuals.

Symptoms in patients with aortic insufficiency include severe dis-
romfort due to palpitation, probabl g 1o widened pulse
pressure. Angina pectoris is also common and is probably refated to
myocardial jschemia secondary to low diastohe arterial pressutes;
filling of the coropary vessels is considered to be governed largely by
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during exertion, In spite of the matked elevation of venous pressures
persisting for years, visible edema may be minimal or even absent in
some patients (Friedlander and Kerr, 1936; Altschule and Budnitz,
1940); this finding negates the concept that cardiac edema is due
solely to failure of the right ventricle with consequent rige in venous
pressure, Reasons for the failure of edema to occur in patients with
tricuspid disease include normal catdiac output and renal blood flow,
ahsence of tissue anox:z, and maintenance of normal plasma protein
levels. When congestive failure develops, not only does peripheral
edema appear, but a large amount of fluid —over a liter —may
accumulate in the pericardial space (Altschule and Budnitz, 1940)
This accumulation of fluid may be tonsequent i part to the very high
venous pressures in the coronary smus, which drains into the right
auricle; the coronary sinus may be found greatly dilated at autopsy.
The accumulation of these large volumes of fluid m the pericardium
may give tise to signs of pericardial tamponade, with falling arterial
blood pressure and pulse pressure, increasing venous pressures and
diminution of the force of venous pulsations. An interesting observa-
tlon on the orthopnea that may occur in triscupid disease in the ab-
sence of myocardial insufficiency has been reported (Altschule and
Blumgart, 1937); in a patient studied, lowering the head of the bed
caused a smothering sensation when the visible venous engorgement
Tose to a level corresponding approximately to that of the respiratory
centers in the brain.

The cyanosis of tricuspid disease is not due to abnormal deoxygen-
ation of capillary blood, but rather to increased promunence of cuta-
heous veins and venules (Altschule and Blumgart, 1937) It has been
stated that the presence of the tricuspid lesion protects the patient
from the conseq; of the 1 iated mitral stenosis, as
evidenced by the long hfe with relative comfort that patients with a
combenation of the two lestons may enjoy when apparently in conges-
tive falure This view, however, neglects the fact that venous en-
Rorgement, exertional dyspnea and even edema and orthopnea are
the consequences not of myocardial 1nsufficiency but rather of a non-
progressive or very slowly progressive physical impediment to the
entry of blood into the right ventricle, so that it is erroneous to diag-
nose myocardial insufficiency in such instances. When the latter
finally occurs, dyspnea, orthopnea and edema are extreme, treatment
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tients with well-marked stenosis or insufficiency (Robb and Weiss,
1934; Friedlander and Kerr, 1936; Altschule ef dl., 1937, 1940}
Bloomfield et af., 1946), rising higher with congestive faflure. The
veins pulsate with each beat of the heart, the degree of pulsation
varying roughly with the amount of valvular insufficiency; pulsations
may cause a rise in pressure of 2 em-of-water or more, The pulsa-
tions may be damped by the occurrence of myocardial insufficiency,
with consequent overfilling of the veins even in diastole, and also by
the development of pericardial tamponade (Altschule and Budnitz,
1940). The pulsations usually manifest two phases, presystolic and
systolic; since the former are due to auricular contraction, they may
disappear in the presence of such arrhythmias as auricutar fibrilla-
ton or standstill, and nodal rhythm or tachycardia (Friedlander
and Kerr, 1936),

(5) Arterial blood pressure Tricuspid disease in jtself does not
influence the arterial blood pressure. Such changes as oceur in pa~
tients with this disease are to the i iated
aortic valvular disease, or the pericardial tamponade that may also
occut,

(6) Vital capacity; respiratory dynamits. The vital capacity may
be low in patients with tricuspid disease (Altschule ef df, 2937,
1040); mterpretation of this finding, however, is difficult, since it
may be consequent to weakness, to the reduction of pulmopary es-
panssbility by the presence of an enormously dilated heart, or to pul-
monary stasts due to the mitral stenosis that occurs in almost alf in-
stances of rbeumatic tricuspid disease The respiratory dynamics in
the absence of myocardial insufficiency are normal at rest (Altschule
angd Budnitz, x940).

(7) Hepatic function. Visible icterus as well as elevation of the
serym bilirnhin are of common occurrence in patients with organic
tricuspid disease, the galactase tolerance test is normal (Altschufe
and Budnitz, rg40}.

(8) Symptoms. The persistently hiph venous pressures and the
occurrence of marked venous pulsations in tricuspid disease are read-
ily understandable. The cardiac output at rest may, nevertheless, re-
mamn normal, enough pressure being built up in the veins to overcome
the obstruction to the inflow of blood into the right ventricle. It is
doubtful, however, that normal increases in cardiac output oceur
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is commonly ineffectual and the course is short. Tricuspid disease is
another example of the ntility of differentiating hetween valvular in-
competence or some other physical impediment to flow, which is very
slowly progressive, and myocardial insufficiency, which in most in-
stances s very disabling and is more rapidly progressive; it is to be
understood, of course, that the Hrst may give rise to the second with
little or no change in the character but only in the severity of the
manifestations.

In the carly stages of the syndrome the enlarged liver pulsates
synchronously with the neck veins; later, as fibrosis progresses, the
liver becomes firmer and smaller and pulsations diminish, In some in-
stances, the clinical manifestations of cirrhosis may dominate the
picture, or at Jeast precede those of congestive failure. The occurtence
of purpura in a significant propartion of patients with tricuspid
disease may be conseq to prothrombin deficiency; no studies
bearing on this facter are available,
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tent at rest is elevated and the oxygen content is low (Houssay and
Berconsky, 1932). Mixing in the lungs is retarded (Roelsen and Bay,
1940). During exercise patients with pulmonary fibrosis are unable
to increase the tidal air volume normally (Kaltreider and McCann,
1037); however, the respiratory rate rises markedly, so that the re-
spiratory minute volume is increased to a considerable degree above
normal (Bohme, 1939; Kaltreider and McCann, 1937). The latter
Teturns to its resting level slowly after the cessation of exercise, The
maximal possible ventilation per minute is reduced (Kaltreider and
McCann, 1937). While in normal subjects the response to exercise is
a considerable lowering of the ventilation equivalent, that 1s, the
volume of air breathed per hundred cubic centimeters of oxygen con-
sumed, patients with pulmonary fibrosis show only a slight decrease
in this respect. The oxygen debt after exercise 1s large and prolonged
(Nylin, 1937, 1938); the varable findings 1n this respect reported
by Schlomovitz ef al. (1938) reflect the fact that the period of study
used by these authors was too short

Blood gases. — The artersal blood oxygen saturation is often low
(2; Hurtado et al., 19355) , when low it may be restored to or toward
normal by the inhalation of oxygen (Richards and Barach, 1934).
Exercise results in variable changes 1n arterial blood oxygen satura-
tion, which may fall markedly at times (Kaltreider and McCann,
1937). The arterial blood carbon dioxide content is normal or high
at rest (Houssay and Berconsky, 1932, Hurtado ef dl., 1935b), it
may fall somewhat during exercise (Kaltreider and McCann, 1937).

Cardsac output — Data on the output of the heart are scanty;
normal values were reported in uncomplicated pulmonary fibrosis by
Brooks (1936) and by Ringer and Altschule (1930).

Circulation time. — Normal values for arm-to-tongue and arm-to-
lung time have been recorded (Miller, 1936; Piccione and Boyd,
1941), The prolongation of arm-to-tongue time described by Charr
and Riddle (1937) is probably an artefact, since they considered the
normal time to be 10 to 12 seconds, instead of the range of 12 to 18
O 20 seconds accepted by most authars. The report by Charr and
Savacool (1938) of very long ether times 1n their patients is difficult
to accept in the light of other data Possibly their patients were suf-
fering from the complicating factors of cor pulmonale or marked
polycythemia.
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Fibrotic pulmanary changes, severe enough in themselves to give
tise to symptoms, may occur in the various types of pneumoconiosis
and 1n extensive unresolved pneumonia, fibroid phthisis, bronchiecta-
sis, healed war-gas poisoning and, in relatively rare cases, in patients
with advanced mitral stenosis or scleroderma The altered physio-
logic findings in such patients are related to the density and extent
of the fibrotic process rather than to the etiologic factors involved.
The cardiorespiratory dynamics may be modified, however, by the
presence of fever associated with an infectious process or by myo-
cardial insufficiency occurring late in the disease.

Subdivisions of the lung volume.— The subdivisions of the lung
volume have been studied by many authors (1; Hurtado et o,
1935¢) The functional residual air is normal, while the residual aif
is normal or somewhat increased, The reserve (supplemental) air i¢
diminished somewhat, indicating loss of elasticity of the lungs, The
considerable decrease in complemental air demonstrates impaired
expansibility The vital capacity fs, of course, greatly diminished and
the total capacity is also low,

Respiratory dynamics.—The tidal air is often diminished
(Altschule ef al,, 1941; Houssay and Berconsky, 1932). However,
the rtespiratory minute volume at rest is normal or somewhat
increased (Altschule et al, 1941; Bdhme, 1939; Houssay and
Berconsky, 1932; Kaltreider and McCann, 1937); its value is main-
tained by an elevated rate (Altschule et ol., 1941; Houssay and
Berconsky, 1932; Kaltreider and McCann, 1937). Inhalation of oxy-
gen lowers the respiratory minute volume in pulmonary'ﬁbrous
(Richards and Barach, 1934). The alveolar air carbon dioxide con-
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in dead space, so that all of the decrease in the former occurs in that
portion used for respiratory exchange,

Alf factors that lower tidal air volume while leaving unchanged the
functional residual air volume, that is, the air left in the Jungs after
Dormal respiration, upset the ratio between the two and impair mix-
ing with and diffusion from the latter. The air remaining in the lungs
after each breath consequently may contain abnormally high concen-
trations of carbon dioxide and low concentrations of oxygen, The ab-
rormally large respiratory minute volumes that occur in exercise,
2nd often even 2t rest, represent in part an attempt to restore these
235 tensions to normal; this increased respiratory activity is ineffi-
cient as it is effected by an increase in rate, since the tidal arr is in-
creased only with difficulty. The increase in rate in 1tself contributes
to dyspnea. Even if compensation at rest is attained it is clear that
the amount of increase in respiration that can occur n exercise is
Lmuted and aceordingly exertional dyspnez occurs. Failure to achieve
complete compensation in this manner at rest or duning exertion leads
to varying degrees of arterial anoxia and carbon dioxide retention,
?Vhl:h may also contribute to dyspnea In addition, it must be borne
In mind that fibrous thickenmg of alveolar walls may impair gaseous
diffusion, and that flow of blood through large areas of unaerated,
scarred Tung may also give rise to anoxia and hypercarbia. The in-
ability to increase tidal air volume normally in exercise leads to a
considerable reduction in maximal possible ventilation, so that exer-
cise is particularly likely to cause or increase respiratory decompen-
sation, thereby leading to an increased and prolonged oxygen debt
after work,

'It s of interest that the application of chest binders in normal in-
dividuals may so restrict the tidal air and respiratory minute volumes
33 10 Jead to inability to absorb adequate amounts of oxygen mn exer-
©Cise and a consequent increased debt in the recovery period (page
92). The occurrence of this abnormal debt mn patients with extensive
Pulmonary fibrosis probably leads to lactic acdosss, although data
bearmg on this point are not available. It is important, however, that
200xia even in normal subjects causes abnormally increased respira-
fory minute volume, oxygen debt and blood lactate (page 87) after
exercise, That such lactic acidosis may occur 1s suggested by the
matked hyperventilation and the finding that the arterial blood car-
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Venous blood pressure.— Normal values are recorded by most
authors (Hurtado et al., 1935¢; Heise and Steidl, 1938; Charr and
Savacool, 1938); however, Charr and Savacoo! (1938) found some
patients with pulmonary fibrosis to have elevated Jevels,

Right ventriculor pressuve. — Judging by the not infrequent occur-
rence of elevation of right ventricular pressure, that in the pulmonary
artery sometimes is elevated, at times even in the absence of the
right ventricular dilatation (Cournand e# of., 1944; Riley et dl,
1948). However, the pressure in the right ventricle is often normal
(Bloomfield et al, 1946). During exercise the pulmonary arterial
pressure rises abnormally (Riley ef ol., 1048).

Arterial pressure,— Arterial pressure is not influenced by the
disease.

Blood volume. — Some degree of polycythemia is fairly common in
patients with severe pulmonary fibrosis, and the hematocrit and
therefore the viscosity may be more or less increased (Brooks,
1936); the plasma volume is normal, however (Brooks, 1936). At
cordingly, the blood volume may be in the normal range or show an
increase (Brooks, 1936; Kaltreider et al., 1934), The bone marrow
is often anoxic (Berk ef af, 1948).

Symptoms. — The pormal functional residual air volume of pu-
monary fibrosis shows that there is o lack of space available for res-
piration in most patients with pulmonary fibrosis. Nevenhel?ss
anosia and hypercarbia occur, they are a consequence of poor mix-
ing in the Jugs — the “alveolar hiypoventilation” of Houssay and
Berconsky (1932) Such poor mixing as occurs in fibrosis Is the con-
sequence of a decrease in tidal air volume relative to the normal that
may be present at rest, and that becomes manifest or more maﬂfed
in exercise; marked loss of ibili q to ext
scatring in the lung is largely responsible for this change. A contribu-
tory factor is loss of pulmonary elasticity, which may be faitly sevese
in some instances, Another contributory factor may be dyspnea du¢
to anoxia, which may oceasionally make the patient increase his re-
spiratory rate to extreme degrees in an attempt at compensation,
with a resultant further decrease in tidal air volume. Normally 2
quarter or a fifth of the tidal air merely washes out the dead space
and does not directly participate in respiration; the diminution in
tida) air in fibrosis is not ied by a corresponding decrease
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Reference has been made elsewhere (page 136) to the fact that
anoxia causes pylorospasm, slows gastric emptying, diminishes
hunger gastro-i inal tone and motility,
and may impair absorptron. All of the references cited describe
studies made in severe anoxia of short duration, mostly in dogs under
anesthesia. The validity of the use of these data to explain the anor-
exia, belching, indigestion, flatulence and constipation that may
occur in patients with severe pulmonary fibrosis is not established.
Nevertheless, these symptoms may be related to anosia In addition,
it has been shown that inducing in normal subjects elevated blood bi-
carbonate levels, such as obtain in patients with severe pulmonary
disease, gives rise to gastric hyperaadity (Bakaltschuk, 1928,
Szilird, 1930; Browne and Vineberg, 1932); possibly matked carbon
dioxide retention caused by severe pulmonary fibrosts may also be an
indirect cause of gastnc symptoms

Patients with pulmonary fibrosis often appear more plethoric than
measurements show them to be It 1s not unlikely that the excessively
high color is 2 consequence in some 1nstances of carbon dioxide reten-
tion, for carbon dioxide is a cutaneous vasodilator.

That patients with severe chronic respiratory insufficiency exhibit
a notable tolerance to anoxia and hypercarbia 15 well known The
mechanisms that give rise to this tolerance have not been studied in
pulmonary fibrosis, but judging by what occurs in pulmonary em-
physema (page 314) the changes that occur include lowering of
blood chloride levels and increased blood hemoglobin and carbomiec
anhydrase concentrations
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1934), since much of the increase in the latter occurs at the expense
of the reserve air; the reserve air is low and may fall to zero (2;
Christie, 1934). The complemental air is also smaller than normal
(3, Hurtado ef al., 1934) accordng to all authors but Siebeck
(r910). Accordingly, vital capacity is likewise reduced (4; Christie,
1934); Kountz and Alexander (1929, 1933, 1934) found the vital
capacity decreased more in obstructive than in senile emphysema.
‘The total capacity is low or normal, depending upon the relation be-
tween increase in residual air and decrease in vital capacity (5;
Christie, 1934; Hurtado ¢ a!, 1933, 1934). All authors agree, how-
ever, that the residual and functional residual air volumes are in-
creased, often markedly, relative to the total capaaity,

Pulmonary elasticity,— All authors who measured pulmonary
elasticity found low values (Christie, 1934, Pame, 1940, von Neer-
gard and Wirz, t927a, b), ths is to be expected from the marked
decrease in reserve air that occurs in pulmonary emphysema,

Intrapleural pressure — The above-mentioned decrease in reserve
air should be d with an i d static i leural pressure,
and indeed several good studies have demonstrated this increase
(6; Christie, 1934), Amewlle’s observations (19z0) are not m ac-
cord with these more thorough studies During respiration the in-
spiratory intrapleural pressure is more negative and the expiratory
more positive than normal (Dean and Visscher, 1941; Paine, 1940).

Mixing in the lungs.— Mixing of gases in the lungs 1s impaired
(7; Cournand et al.,, 1937, 1941), Darling, Cournand and Richards
(1944) demonstrated two different types of mixing defect, one due
to a very large restdual air volume and another consequent to poor
mixing of tidal arr iated with d pul y elasticity,
Diffusion across the alveolar walls is normal (Christie, 1934) The
alveolar air carbon dioxide content usually 1s high (Christie, 1934;
Cobet, 1924; Dautrebande, 1925; Goggio, 1944; Houssay and Ber-
consky, 1932) ; the alveolar oxygen content s often Jower than normal
(Goggio, 1944; Houssay and Berconsky, 1932).

Respiratory dynamacs.— The respiratory minute volume m pa-
tients at rest is often increased (8; Kaltreider and McCann, 1937);
it may be normal in milder cases (9; Campbell and Poulton, 1926).
In exercise 1t rises abnormally and returns to the resting value slowly
(Campbell and Poulton, 1926; Herbst, 1928; Kaltreider and Mec-
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CHRONIC PULMONARY EMPHYSEMA

A large amount of information bearing on respiratory and circula-
tory functions in chronic pulmonary emphysema has accumulated
and, since the findings of almost all authors are in agreement, a satis-
factory body of knowledge exists, A few authors have attempted to
differentiate between senile and obstructive emphysema, but most
have felt that this distinction is not a useful one. In almost all in-
stances the patients with obstructive emphysema who have been
studied developed emphysema secondary to asthma; the effects of
asthma jtself are described in Chapter IX. There is no agreement as
to the etiology of senile or nonobstructive emphysema, some authori-
ties believing that changes in the lungs are primary, while others
consider that these changes are secondary to a disease of the spine.
The former seems the more reasonable, though far from established;
it appears that senile emphysema is consequent to loss of elasticity of
the lungs with advancing age, much as the vessels lose their elasticity
after middle life, the changes in the spine being secondary.

Lung volume and its subdivisions — Although the validity of
some of the earlier methods used for measuring residual air has been
questioned, there is a remarkable degree of qualitative agreement
among various authors as to the findings in patients with pulmonary
emphysema. The residual air is greatly increased in volume according
to most authors (1, Darling ¢f al, 1944); the only discordant find-
ings are those of Bohr (19o7) who described it as normal, and of
Hurtado ef o’ (1934), who found it rormal in senile but not in ob-
structive emphysema. The functional residual air is also increase‘dy
hut less so than the residual (Bittorf and Forschbach, 1910; Christie,
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expected result in view of the vanability of the method. More re-
cently, studies made by cardiac catheterization have shown high
values when severe anoxia js present (Richards, 1945; Sharpey-
Schafer, 1946) or normal values (Hickam, J. B, and Cargill, 1948)
in other instances. The cardiac output increases normally in exercise
{Hickam and Cargill, 1948).

Peripheral blood flow. — No systematic studies of peripheral blood
flow are available, but a single observation suggests that when anoxia
is severe the blood flow in the hands may be dimmished; at Jeast it
increases when oxygen is breathed, a response that does mot occur
in noncyanotic individuals (Stewart, 1911).

Circulation time, — Normal or reduced values for arm-to-tongue
or -face time are reported by a majority of authors (10; Oppenheimer
and Hitzig, 1936) in empt and also in pul y disease in
general (11; Baer, 1940); the ether time is likewise normal in pul-
monary disease (Baer, 1940; Baer et ol , 1938, 1940), as is the amyl
mitrite time also {Gross, 1945) Increased circulation time is recorded
by Koch (rg22) and also by Kountz ef al. (1932) m some patients
with emphysema, the degree of increase varying with the increase
in intrapleural pressure, according to the latter authors

Venous pressure.— The venous pressure 1s usually within normal
limits (12, Weiss and Blumgart, 1927), however, it may be elevated
in some instances (13, Kountz and Alexander, 1934); when elevated,
the change is said to be consequent to marked increases in jntra-
pleural pressure. Kountz ef al. (1929) found it elevated in the ob-
structive, but not in the senile type. Patients with emphysema may
exhibit an abnormal rise in venous pressure after exercse {Schott,
1912).

Right ventricular and pulmonary arterial pressures — The right
ventricular pressure may be high at times, although often no devia-
tion from normal occurs (Bloomfield ¢t al., 1946; Cournand, et al.,
1944; Battro ef al, 1949). The pulmonary arterial pressure is often
elevated at rest and increases markedly on exertion (Riley ef al.,
1948; Hickman and Cargill, 1948).

Artersal pressure — The systemic arterial pressure is not in-
fluenced by pulmorary emphysema

Blood gases; tissue gas temsions.—The artenal blood oxygen
saturation, though often normal, 1s commonly somewhat low (14;
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Cann, 1937). The tidal air volume at rest may also at times be nor-
mal or occasionally even high (Knipping ¢t of., 1932; Reinhardt,
1912; Staehelin and Schutze, rgr2); more often it is found to be
somewhat reduced (Campbell and Poulton, 1926; Houssay and Ber-
consky, 1932; Knipping ef al., 1932; Paine, 1940). The respiratory
rate is usually somewhat elevated at rest (Staehelin and Schiitze,
1912, Kaltreider and McCann, 1937; Houssay and Berconsky, 1932;
Campbell apd Poulton, 1926; Bittorf and Forschbach, 1g1o). The
increase in tidal air that occurs during exercise is smaller than nor-
mal (Campbell and Poulton, 1926; Kaltreider and McCann, 1037);
the maximal possible ventilation js accordingly low (Herrmansen,
1938; Jansen, et ol , 1932, Kaltreider and McCann, 1937; Zaeper
and Wolf, 1939). The ventilation equivalent, that is, the volume o}
air breathed for each hyndred cubijc centimeters of oxygen absorbed,
is often somewhat increased at rest {Herbst, 1928; Knipping et ol
1932); it falls only slightly in exercise (Kaltreider and McCann,
1037) or even rises (Herbst, 1928), whereas in the normal subject it
may fall considerably, Exercise is associated with an abnotmally
small increase in oxygen intake for the work performed, so that the
debt after evercise is large and prolonged (Herbst, 1928; Herms
and Ruittgers, 1931); the finding of Schlomovitz ef al. (1938) that
the debt is smaller than normal is an error based upon too short 2
period of study after cessation of exercise. Of great interest is the
observation that breathing air enriched with oxygen during exercise
ipcreases the intake of oxygen at that time (Herrmansen, 193%;
Zaeper and Wolf, 193g); a similar statement was reported for pa-
tients with pylmonary disease in general (Marzahn et al., 1936). The
total cost of work in oxygen consumption for a given task may ?e
normal or occasionally high (Herms and Ruttgers, 1931); that 5,
efficiency may be low in some patients.

Cardige output. —There are few studies on cardiac output and
arteriovenous oxygen difference in patients with uncomplicated em+
phy + the values obtained by older methods are normal (Pautre-
pande, 1925; Scott, 1920). The observation that patients with pul-
monary disease usually show normal values is based on a study that
includes cases of emphysema (Ringer and Altschule, 1930). Stsrr
and Jonas (1943, using the ballistocardiograph, found high, low or
pormal values for cardiac output in pulmonary disease, not an us-
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blood volume have been described in pulmonary emphysema (Hitzen-
berger and Tuchfeld, 1929; Rowntree and Brown, 1929; Lerman,
1929; Kaltreider e2 a?, 1934); the total blood volume is mare likely
to be increased than the plasma volume. The hematocrit is found to
be elevated much less often in emphysema than in pulmonary fibro-
sis; some of the increase may be consequent to increased cell size
(Price-Jones, xg21; Kaltreider ef af, 1934). When the hematocrit is
elevated, an associated increase in oxygen capacity is of course found.

Symptoms. — Clinicians, wont to diagnose the presence and severity
of pulmonary emphysema by the shape of the thorax, ate often sur-
prised by the lack of correlation between the occurrence of dyspnea
and the development of a barrel chest This fact suggests that the
fault in emphysema is not in the bony tharax There is much evidence
which indicates that the chief defect in emphysema is a loss in pul-
monary elasticity consequent to disease of the lungs, or to senility.
Loss of elasticity affects pulmonary function m many ways The
lungs do not collapse normally in expiration and become abnormally
voluminous, thereby increasing the residual and functional residual
air and lowering reserve and complemental air volumes Failure of
the Tungs to collapse normally in expiration requires that expiration
be associated with active effort, instead of hemg purely passive as
it i5 normally,

Increased functional residual air volume changes the ratio between
the tidal air and the volume of air remaimng tn the lungs at the end
of expitation and so impairs mixing of the tidal air with the air left
in the lungs; this may be accentuated by structural changes in the
lungs themselves, that is, by d expansibility. The decrease in
complemental air is an indication of the reduced expansibility of the
lungs, which in some cases is sufficient to lower the total volume even
at rest Anoxia tends to occur as a consequence, as does hypercarbia
also In addition, the greatly mcreased volume of the lungs in respira-
tory diastole Jeads to flattening of the diapbragm; the loss of the
normal arched diaphragmatic contour lowers rTespiratory efficiency
greatly. Loss of much or all of the notmel negativity of intrapleural
pressure also impairs respiratory efficiency.

It is clear that a variety of factors gives rise to poor mixing in the
Tungs; carbon dioxide retention and lowering of arterial blood oxygen
saturation may occur in spite of a compensatory increase in respira-
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Hurtado e/ ol,, 1935); it may fall further during exercise (Himwich
and Loebel, 1927), or show no consistent change (Goggio, 1944);
the response apparently depends on the severity of the disease and
the violence of the exercise When low, it rises when high concentra-
tions of oxygen are breathed (Goggio, 1944). The arterial blood
carbon dioxide content is often high (15; Scott, 1919, 1920); the
venous blood carbon dioxide content is also increased (Scott, 1919,
1920; Essen et al., 1923). The general statement bas been made also
that patients with pulmonary disease often have an elevated arteriat
carbon dioxide content (Campbell ef ol., xg23; Fraser, 1927; Fraser
et al., 1928; Porges ef o, 1913), some of these patients probably
had emphysema, The arterial blood carbon dioxide may fall with mild
exertion (Goggio, 1944). Patients with emphysema may have low
tissue oxygen and high tissue carbon diovide tensions (Seevers et
al., 1936) and the bone marrow may be anoxic (Berk ¢ al, 1948).
Blood carbonic ankydrase.— The blood carbonic anhydrase Jevel
is reported as normal by Lambie (1938), However, more recent work,
employing a more accurate method, has shown that severe emphy-
sema with polycythemia causes a nse in carbonic anhydrase activity
in the blood (Altschule and Lewis, 1047).
Bivog electrolytes opd pH. - The alkali reserve is high in severe
y {Scott, 1920; D: bande, 1925); it has alse been re-
ported high in severe pulmonary disease in general (Fraser, 1927).
Accordingly, although carbon diotide retention occurs, the blood pH
is normal ot only slightly lowered (Scott, 1920; Dautrebande, 1925;
Fraset, 1927; Campbell ¢t al., 1g23; Cobet, 1924). However, it lalls
with only mild exertion (Goggio, 1944). The increased alkall reserve
of emphy is jated with i d tolerance to breath
high concentrations of carbon dioxide (Reinhardt, yp12; Scott, 1919,
1920, Christie, 1934); that is, carbon dioside causes less hyperpnea
in patients with emphysema than In normal subjects or cardiac p2-
tients, Elevated bload bicarbonate levels are commonly assoiated
with low blood chloride ions in pul y emph i
{Essen et al., 1923}; the presence of emphysema or other chronic pul-
monary disease may distort or abolish the nsual pattern found in con
gestive failure, namely, low bicarbonate and high chloride Jevels

(page 80).

oy 2 wreemal ar anly Bohily increaced values for plasma of
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The polycythemia that may develop compensates in part for the
effects of anoxia, In addition, however, polycythemia is accomparied
by an increase in blood carbonic anhydrase activity, which also is
useful when carbon dioxide excretion in the lungs is slowed The in-
crease in blood base lable for f ion of bicart also acts
to compensate for carbon dioxide retention. It is possible that other
mechanisms not yet understood may also be effective in causing tol-
erance to carbon dioxide (Barbour and Seevers, 1943).

The circulation at rest is not affected by lesser degrees of pul-
monary emphysema As the latter increases in severity, slight elevation
of venous pressure, secondary to increased intrathoracic pressure,
develops. This impairment of venous return does not result in reduced
cardiac output at rest, but may prevent normal increases during exer-
tion, Increased intrapulmonary vascular pressure and accelerated
circulation due to anoxia may combine to cause myocardial failure
ultimately The superimposition of changes due to myocardial insuffi-
ciency upon the high venous pressure and polycythemia that may
exist as a consequence of emphysema gives rise to very marked de-
grees of venous engorgement and cyanosis, this condition is called
“night-sided failure” by chmaans, although it is apparent that its
causative mechanisms are complex.

The possible role of anowa in the causation of disturbances in gas-
tro-intestinal motor function, and of hypercarbia in changes in gas-
tric secretion have been pointed out (page 307)
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tory tate and minute volume at rest. The respiratory inefficiency and
the limitation of tidal air volume become more pronounced in exer
cise, and although the rate and minute volume are often greatly in-
creased, oxygen intake does not increase adequately and arterial
blood oxygen saturation may fall; breathing oxygen during work pre-
vents these changes. The oxygen debt is of course abnormally high
in emphysema.

A few data indicate that abnormal lactic acidosis occurs duting
work in patients with emphysema (Goggio, 1944), this is probably
related to anoxia, for it has been shown that work done event by
normal subjects under anoxic conditions elevates bload lactate levels
abnormally (page 88). It is significant in this regard that lactate

of may be impaired in chronic pul y disease (Crisafulli
and Colacrest, 1937).

Dyspnea on exertion in patients with empbysema is the conse-
quence of lowered arterial blood oxygen, increased arterial blood
carbon dioxide, Jactic acidosis and the general inefficiency of breath-
ing, which greatly increases the effort necessary to obtain a given
tidal volume. The tendency toward carbon dioxide acidosis at rest,
however, is minimized by the high alkali reserve. The guestion
whether reflexes from the overdistended lungs, that is, the Hering-
Breuer reflex, or from distended pulmonary arteties also contribute
to dyspnea cannot be settled; these reflexes may well be of some im-
portance. The cyanosis of emphysema is due solely to lowered arteriaf
blood oxygen saturation and, in accord with the small changes in the
latter usually found, is commonly mild.

Some relief of the respiratory symp of emphy is afforded
in occasional instances by the use of a procedure suggested by the
ohserved changes in function in that disorder. The Joss of elasﬁcit}: of
the lungs leads to flattening of the diaphragm, so that the funct'lon
of the Tatter is greatly impaired as its excursion is limited. Elevation
of the diaphragm by means of 2 snug but not tight abdominal binder
restores the normal diaphragmatic arch, so that that argan can func-
tion in & manner more nearly normal (Alesander and Kountz, 1934;
Kountz and Alexander, 1934; Meakins and Christie, 1934}, Too
tight a binder, bowever, aggravales respiratory symptoms.

‘The rematkably small amount of dyspnea often seen in ssvcre
empbysema bas been a matter of comment by many clinical witess.
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BRONCHIAL ASTHMA

The respiratory dynamics during asthmatic attacks are very much
Tike those of chronic emphysema, with an additional superimposed
element of bronchial obstruction.

Lung volume and its subdivisions, — The residual air is usually
described as increased {Anthony, 1930; Hurtado et al, 19330, b;
Roelsen, 1938); only Bohr (1907) found it normal. The reserve and
complemental airs (Bohr, 1907; Anthony, 1930; Knipping et al,,
1932) are much reduced; the vital capacity is considerably decreased
in volume (1; Myers, 1922). The total capacity may be normal or
low (Bokbr, 19o7; Anthony, 1930, Hurtado et al, 19352).

Intrapleural pressure.— Kountz et al. (1932) found the static
intrapleural pressure, that is, the intrapleural pressure during respira-
tory diastole, hugh in asthma, but Christie and McIntosh (1934) re-
ported it as normal It is apparent that either condition could oceur
under different circumstances Changes in the dynamic intrapleural
pressure do, however, occur, for von Neergard and Wirz (1927),
Christie and McIntosh (1934), Paine (1940) and Kountz et al.
(1932) found it more negative than normal in inspiration and more
positive 1n expiration. Prinzmetal (1934), however, reported it to be
more negative than normal at all times, 2 observation which is diffi-
cult to accept.

Respiratory dynamics. — Mixing in the lungs is impaired {Roel-
sen, 1938, 1939). The mspiratory velocity of air flow in the Jarger
arrways 1s slightly diminished, while the expicatory velocity is greatly
reduced (von Neergard and Wirz, 1927, Gross, 1943); the expira-
tory pressure 15, however, normal (Gross, 1943). Pulmonary elastic-
ity is described as impaired (von Neergard and Wirz, 1927; Paine,
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time (Miller, 1934; Hitzig, 1035; Oppenheimer and Hitzig, 1936),
and the amyl nitrite time (Gross, 1945) are normal or somewhat
reduced in asthmatics, In addition, the normal or short arm-to-tongue
or -face or ether times reported for patients with unspecified types
of pulmonary disease (page 313) probably include data on some
asthmatic persons,

Venous pressure. — Most authors report a rise in venous pressure
during attacks (4; Meyer and Middleton, 1929); however, the values
need not be outside the normal range (von Gonezy, 1930, Wartman,
1935; Oppenheimer and Hitzig, 1936, Kroetz, 1922). The rise that
oceurs is probably secondary to increases i intrathoracic pressure.

Blood carbonic ankydrase.— The blood carbonic anhydrase level
is reported to be normal (Lambe, 1938).

Symptoms, — The cardiorespiratory dynamics of asthma during
attacks resemble closely those of chronic pulmonary emphysema
(page 310), since the bronchospasm of the attack gives rise to a
type of acute emphysema The b h 1 itself also
the difficulties in intrapulmonaty mixing and thereby favors the more
rapid and severe development of anoxia and hypercarbia The symp-
tomatology during attacks is usual]y dominated, however, by the
sensation of and 1 ions to it. Neverthely
during protracted attacks, it is possible to discern effects of anoxia
in the form of clouding of the mental faculties and progressive cy-
anosis,
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1940); however, this finding may be an astifact caused by marke:
bronchoconstrittion, that Is, the lung as a whole acts Bke 2 Tes
elastic body than normal in attacks, but the parenchyma itself is no:
less elastic. The maximal possible ventilation may be markedly de-
creased (Knipping, 1035, Zaepes and Wolf, 1939). The tidal air
at rest is smaller than normal according to most authoss (von Neer-
gard and Wirz, 1927, Houssay and Berconsky, 1932; Camphelt and
Poulton, r926; Paine, 1940); only Stachelin and Schiitze (1912}
found it large in some cases, The rate is increased, sa that the minute
volume of respiration js normal or even high (2, Campbell and Poul-
ton, 1926). The ventilation equivalent ~ the volume of ai breathed
per hundred cubic centimeters of oxygen absorbed — is within not~
mal Yimits at rest (Herbst, 1928; Jansen et dl,, 1932; Kuippiog ¢ ol.,
1932). In exercise the tidal awr increases less than normal (Campbell
and Poulton, 1926), however, the rate rises excessively, so that
the intrease n respiratory minute volume is approximately narmal
or above it (Herbst, 1928, Campbell and Poulton, rg26). This type
of change in respiratory dynamics makes for inefficient breathing
The oxygen intake during work is not adequately increased for the
task (Herbst, 1928) unless air enriched with axygen is breathed
{Zacper and Wolf, 1930); the oxygen debt after work without oxygen
is quently large and prok 1 (Herbst, 1928; Nylin, 1938).
Blood gases; tissue gas tensions. ~— The arterial bload axygen satu-
ration falls in attacks (Houssay and Berconsky, 1o32; Knipping,
1935; Kroetz, 1929; Meakin, 1921); it rises to or toward normal
when air enriched with oxygen is breathed (Meakins, zg2t). Carhon
dioxide retention oceurs in asthmatics, elevating the level in the a-
terial blood (Houssay and Berconsky, 1932; Kaipping, 1935); 2
similar change occurs in the tissues (Seevers ef ol, 2936; Sibree,
1941). The tissue oxygen tension is described by Seevers et al, (1936}
as low, and by Sibree (1941} as within normal limits. As has been
pointed out elsewhere (page 85}, measurements of tissue tensions of
carbon diozide are more likely to be accurate than ate those of

Xygen. .
U‘XC'%rchticn time., — No studies of cardiac output during asthmatic
attacks are available, but many studies of clrculation time have been
made. The arm-to-tongue or ~face time (3; Cottrell and”szd.t'ize?
1041}, the carbon dicxide time {firmhnar of =7 ~ooc
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The reserve air, however, increases markedly, often to more than
double its original value (Altschule and Zamcheck, 1944); it is often
diminished almost to zero when fluid is present, so that even though
it may be doubled after a tap, it contributes little toward increasing
the vital and total capacities. The functional residual air is also in-
creased somewhat after thoracentesis (Altschule and Zamcheck,
1944).

Late effects of thoracentesis, — Further large increases in reserve
and functional residual air volumes occur during the month follow-
ing thoracentesis, with smaller increases in residual air. The com-
plemental air, and consequently the vital capacity, likewise show
slow though marked increases; the total capacity also becomes con-
siderably Jarger (Altschule and Zamcheck, 1944).

Respiratory dynamics — The tidal air volume is often lowered
by pleural effusion and since the rate is usually increased, the respira-
tory minute volume is normal or slightly above norma! (Knipping
et al, 1932, Altschule and Zamcheck, 1944). The maximal possible
ventilation per minute is diminished (Knipping, 1932). The intra-
pleural pressure is high and may actually rise above atmospheric
(Clark, 1915; Shattuck and Welles, 1919); it falls after thoracente-
sis.

Blood gases.— The arterial blood oxygen saturation is usually
not lowered by pleural fuid, although in some instances decreases
bave been found (LeBlanc, 1922; Ihaya, 1934; Altschule and Zam-
check, 1944) ; thoracentesis increases low values to or toward normal,
The arterial blood carbon dioxide is usually not outside the range of
normal (LeBlanc, 1922, Altschule and Zamcheck, 1944); in the
presence of dyspnea and hyperventilation, it may be lowered some-
what (Porges ef af, 1913).

Cerdiac output. — Studies of cardiac output and arterjovenous
oxygen difference by various methods have usually yielded normal
values (LeBlanc, 1922; Ringer and Altschule, 1930; Ihaya, 1934;
Altschule and Zamcheck, 1944); very large effusion may lower the
cardiac output somewhat (Ihaya, 1934). Busacchi (1938) reported
that he found the cardiac minute volume output to be quite low in
most of his patients, with return to normal after clearing of the effu-
sion His observations, however, are not entirely applicable to the
present discussion, since at least some of his patients had adhesive
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Pleural effusion commonly complicates many diseases and its mani-
festations may alter or overshadow those of the underlying disorder,
The severity of the respiratory symp iated with pleural
effusion varies matkedly from patient to patient and depends not
only on the volume of fluid in the pleural space, but also on the na-
ture of the disease causing the effusion. Appreciation of the func-
tional changes caused by pleural effusions makes these variations
intelligible,

Lung volume and its subdwisions, — Early reports of measure-
ments on the subdivisions of the lung volume, exclusive of vital capa-
city, are fragmentary and based on methods no longer considered
reliable (Siebeck, 1910, Bittorf and Forschbach, 1g1o; Plesch, 1913;
Peters and Barr, 1920); in addition, the fact that the Jungs them-
selves are often the site of disease in patients with effusions makes
the interpretation of absolute values difficult. Recent studies show
that the functional residual, reserve and complemental airs and the
vital and total capacities are considerably diminished by pleural effu-
sion, while the residual air shows little or no decrease (Altschule and
Zamcheck, 1944); other authors have also found a decreased vital
capacity in patients with pleural fluid (1; Myers, 1925).

J, diate efiects of th is.— The vital capacity shows
little or no immediate increases after a chest tap, in spite of the fact
that dyspniea may be relieved (Peabody and Wentworth, 1917; Gra-
bam, 1920;Bendove, 1925; Altschule and Zamcheck, 1944). Simi-

1 air shows 110 si| change and the tot3l
htly increased (Altschule and Zamcheck, 1944)-

tatly, the compl!
capacity is but slig
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of negativity of the intrapleural pressure. Indeed, measurements of
the intrapleural pressure in such patients demonstrate the loss of all
or most of the normal negative pressure Following thoracentesis, the
Teserve air increases markedly and the intrapleural pressure becomes
more negative. Decreased negativity of the intrapleural pressure,
cansequent to any cause, impairs the efficiency of respiration and also
car ics, in 2 manner that will be dis-

cussed below.

The complemental air, # measure of the expansibility of the Iungs,
is markedly diminished by pleural fluid. This fluid acts to decrease
pulmonary expansibility m two ways® (i) by cccupying space within
the thorax and (ii) by causing atelectasis, the atelectatic lung being
less expansible than the normal. Although the complemental air in
patients with effusions does not decrease to the volume of the resting
tidal air, it is in some instances sufficiently small to prevent the
normal jncrease in tidal air during exercise. It has been shown that
there is a decrease in maximal respiration during exertion in patients
with pleural effusion The decrease in complemental air that occurs in
patients with pleural effusmn therefore makes for anoxia durmg ex-
ertion, and ib to dyspnea. D d arterjal
oxygen saturation is found only occasionally in patients studied at
rest, but would probably cccur m many more during severe exertion,
Impaired expansibility of the lungs also favors dyspnea by requir-
ing that the patient expend more effort in attaining a given tidal air
volure; the tidal air volume is often decreased before removal of
fluid. The complemental air is affected little by thoracentesis, attain-
ing its normal volume only with complete reexpansion of the atelec-
tatic lung in the weeks following removal of the fluid.

Early observers of the vital capacity noted that although it is low
in patients with pleural effusion, it is only slightly increased im-
mediately after thoracentesis. The vital capacity is the sum of the
reserve and complemental airs; the latter is much larger than the
former, so that its Jack of change overshadows the marked changes
in reserve air after pleural fluid is removed. The vital capacity re-
turns to normal with the complemental air some weeks after chest
tap. It is apparent that study of the vital capacity in patients with
pleural effusion affords no 2ccurate information om the state of
pulmonary function.
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di stincpericarditis. M , his datz on normal subjects ar
s0 variable as to suggest some error in procedure.

Circulation time. — The arm-to-tongue time is normal {2; Alt
schule and Zamcheck, 1944); the ether time js likewise norma
(Hitzig, 1035; Vecehi, 1037).

Venous pressure.—'The venous pressure may be either normal o
somewhat elevated in patients with pleural effusion (3; Clark, 1g15)
No matter what its level, following thoracentesis some decrease i
the rule (Clark, rory; Taylor ef al, 1930; Grellety-Bosviel, 1930;
Altschule and 2amcheck, 1944; Schirosa, 1947). This fall in venous
pressure has been correlated with corresponding changes in intra-
pleural pressure caused by removal of pleural fuid (Clark, 1913;
Shattuck and Welles, 1919).

Symptorns, — The d in functional residual air, that is,
the space available for breathing, caused by pleural effusion is or-
dinanly not large enough to influence respiration in itself. However,
the functional residual air rises somewhat immediately after thora-
centesis and therefore it s apparent that pleural effusion causes
atelectasis, the collapsed lung refxpanding to some extent with re-
moval of the thoracic fluid, Complete reéxpansion, as measured by
the functional residual air, does not, however, occur for three or four
weeks. Accordingly, overcoming of the atelectasis must be regarded
a5 only of contributory importance in the immediate relief of dyspnea
that may occur with thoracentesis.

Since the removal of large amounts of fiuid from the chest s
fotlowed by an immediate increase in functional residual air of only
a few hundred cubic centimeters, it is clear that elevation of the
disphragm must accur during theracentesis. The diapbragm, pushed
down and flattened by pleural effusion, resumes its normal arched
contour as fwd is withdrawn, In its depressed, flattencd state, the
diaphragm is in a position that permits only limited excursion and
makes for inefficient respiration; after resumption of its normal arch,

fap} ic respiratory fon is greatly i d and respira~
tion becomes more efficient. This 1s in harmony with the clinical ob-
servation that patients with dysprea sssociated with pleural effusion
show active use of the accessory muscles of respiration, which is abated

by thoracentesis. '
“The marked decrease in reserve air indicates a correspanding loss
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patients with pleural effusion are not to be considered contradictory,
since they did not study their patients before and aiter tapping. The
fall in venous pressure that occurs after thoracentesis is of particular
interest because it may explain the occurrence of diuresis in some
cardiac patients following this procedure

Impajrment of venous return tends to cause decreased cardiac out-
put. However, the cardiac output at rest in patients with uncompli-
cated pleural effusion is found to be normal except in occasional in-
stances, when it may be slightly decreased, this is in harmony with
the recorded observations on circulation time. Although some obstruc-
tion to the return of blood from the periphery exists because of de-
creased negativity of ntrapleural pressure, it appears that enough
pressure is built up in the veins that flow is not decreased and that
cardiac output therefore remains unchanged in these patients at rest.
It is probable, however, that the increase in cardiac output in exer-
cise in patients with hydrotharax would be less than normal. The
possibility that impaired cardiac function may result from extreme
degrees of pressure on the heart or from mediastinal displacement
cannot be evaluated on the basis of the data available,
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It is clear from all of the foregoing discussion that pleural effusion
acts in many ways to impair respiratory function. Nevertheless, many
patients with large effusions exhibit little or no discomfort, at least
while at rest. In this connection jt is important to bear in mind that
although the tidal air volume is usually decreased, the functional
residual air volume is lowered also. Thus the ratio between the air
taken with each breath and the air remaining in the lungs after the
end of expiration is not changed greatly; mixing is therefore unim-
paired. The changes in pulmonary function caused by hydrothorax
are, however, similar in some ways to those consequent to emphy-
sema, diffuse pulmonary fibrosis and chronic congestive failure. Ace
cordingly, patients with diffuse pul 'y disease — emph
fibrosis or congestion — are more likely to exhibit dyspnea and or-
thopnea when pleural fluid develops than are other patients, The
severity of these respiratory symptoms varies not only with the
volume of fluid in the pleural spaces, but also with the severity of
the underlying pulmonary disease. Conversely, if 2 patient obtains
marked relief from respiratory discomfort following a relatively small
thoracentesis, it is likely that he also has some diffuse pulmonary
lesion.

The effects of thoracentesis may be summarized as follows:

Immediate:
(1) Increased negativity of intrapleural pressure;
() Improved respiratory efficiency,
{b) Improved venous retum;
(2) Removal of bulk of fluid;
(a) Removal of restramt on respiration,
() Restoration of diaphragmatic arch,
(3) Some reéspansion of collapsed Jung,
Late:
(1) Recxpansion of atelectasis;
(a) Increased respiratory space,
(b) Restoration of expansibility of lung.

The above-di: d changes in i I pressure in patients
with pleural effusion impair venous return, for although the venous
pressure is often not elevated above normal in the patients without
congestive failure, it falls following throacentesis. The ﬁm?m‘.gs ?f
various authors that the venous pressure is within normal limits in
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air and the vital capacity, must be diminished and has been found
so by all authors (6, Cournand et al., 1941).

Respiratory dynamics, — The volume of air moved by each breath
may be normal or decreased, depending on the size of the pneumo-
thorax and the presence of pain (7; Leiner, 1014; von Neergard and
Wirz, 1927). However, the rate usually increases (Richards ef of.,
1932, Hirschsobn and Maendl, 1922), accordingly, the respiratory
minute volume is normal or increased somewhat (Means and Balboni,
1916, Hirschsohn and Maend], 1922; Knipping and Moncrieff, 1932;
Richards et ol., 1932; Leiner, 1944). The oxygen consumption does
not deviate from the normal (Blubhm, 1935; Leiner, 1944); accord-
ingly the ventilation equivalent, that is, the volume of air breathed per
hundred cubic centimeters of oxygen absorbed, is normal or elevated
(Knipping and Moncrueff, 1932; Leiner, 1944). The alveolar carbon
dioxide content may be lowered if hyperventitation is present (Rich-
ards et al, 1932). The degree to which ventilation per minute can
increase in response to increased needs is considerably lowered in
some patients with pneumothorax (Cournand and Richards, 1941;
Leiner, 1944). The oxygen debt is described as normal or increased,
and prolonged (Bluhm, rg3s; Nylin, 1933, 1937), depending ap-
parently on the size of the pneumothorax, the degree of antecedent
pulmonary disease and the amount of work done in the test. Inter-
esting measurements of the exact amount of depression of respira-
tory function of the collapsed lung and of the compensatory changes
mn function of the other have been made in patients with pneumo-
thorax (Leiner, 1944, Pinner et al., 1945).

Blood gases —Changes m artenal oxygen saturation at rest
usually do not occur, although occasional shght decreases have been
noted (8, Richards et al., 1932). The arterial carbon dioxide con-
tent is normal as a rule (Christie, 1936, LeBlanc, 1922, Pomplun,
1928}, however, if significant hyperpnea and lowering of alveolar
air carbon dioxide occur, it is decreased (Richards et a!, 1932). The
blood pH remams in the normal range, however (Richards ez of,
1932). Pulmonary function, usually quite adequate at rest, may be-
come 1msufficient during exertion, so that carbon dioxide retention
may occur (Cournand and Richards, 1941).

Cardiac outpui,— The minute volume output of the heart is
shghtly or moderately reduced relative to metabolic needs, so that the
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Lung volume and its subdivisions. — All published data are in
agreement that the functional residual air volume decreases moder-
ately when preumothorax occurs (1; Christie, 1936). Moderate de-
creases in residual air, due to collapse of the lung, have also been
found (2, Richards et g/, 1932). The contrary conclusions of Wolf
(1928) are based upon an jnaccurate method for measuring residual
air and are not acceptable. Very marked diminution in reserve air, to
the point of its disappearance in some cases, has been described
(3; Leiner, 1944). In a given case the volume of the reserve air varies
with the negativity of the intrapleural pressure, so that decreases
in the former are to be expected when the latter approaches or
exceeds atmospheric pressure.

The compl I ajr js also diminished, since the air in the
pleural space prevents the normal expansion of the lungs during
forced inspiration (4; Leiner, 1944). At times the complemental air
may decrease so much as to approach the tidal air volume (Anthony
and Heine, 1930). Tobiesen (1911) found the complemental air to
be normal in his studies,

The sum of the reserve and complemental air volumes is the vital
capacity, which of course is diminished (5; Myers and Bailey,
1925, Bendove, 1925). The decrease in vital capacity that occurs
in a patient with induced pneumothorax is less than the volume qf
air injected, often strikingly so. One reason for this phenomenon is
the decrease in residual air, but there must be, in addition, some flat-
tening of the diaphragm to account for the marked discrcpancy‘that
often exists. The total capacity, since it is the sum of the residual
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mixing and diffusion Accordingly, 2 decrease may make for in-
creased efficiency of respiration, possibly accounting for the surpris-
ing lack of dyspnea in some instances, On the other hand, a decrease
in this volume implies a smaller area of respiratory epithellum ex-
posed to aeration; this decrease is not significant unless the patient
already has extensive disease resulting in decreased area available
for respiratory exchange, or some other derangement of pulmonary
function.

The marked diminution in reserve air that occurs in pneumothorax
1s significant only in that it parallels the change in intrapleural pres-
sure; decreased negativity of the intrapleural pressure decreases

the t of respiration hat and in addition gives rise to
the changes in cardi lar function di: d below. D d
1 1 air volume indi

impaired ibiity of the
Iung; the latter may be very much diminished in pneumothorax, thus
accounting for the tendency of the tidal air volume to fall at rest,
with 2 compensatory increase in rate and, since shallow respiration is
relatively inefficient, in minute volume also. This restriction of ex-
pansibility may be of great importance during exertion, for it pre-
vents the normal considerable increase in tidal air that should occur,
‘The maximal possible ventilation actually has been shown to be de-
creased, so that the finding of carbon dioxide retention and increased
and prolonged oxygen debt after exercise in some patients is not un-
expected The vital capacity merely reflects the changes in reserve
and complemental air volumes and in itself, therefore, has no precise
significance.

It is apparent that the changes in the subdivisions of the lung
volume, while they usually cause no great impairment of pulmonary
function at rest, may give rise to respiratory insufficiency during ex-
eraise. That anoxic changes which occur are not greater is consequent
to the fact that, while the oxygen-absorbing function of the collapsed
lung is greatly diminished and the ventilatory function somewhat de-
creased, compensatory increases in these functions on the other side
oceur, as shown by bronchospirographic studies (Letner, 1944; Pin-
ner et al., 1945).

A pneumothorax that is large enough in a given case to raise the
intrapleural pressure sigmficantly will result in some rise in venous
pressure, in some cases the latter need not necessarily rise above the
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arteriovenous oxygen difference is often somewhat increased (Rich-
ards ef al., 1932; Bluhm, 1935; Cournand ef al., 1935; Stewart and
Bailey, 1940); in general, however, the changes are small, and Nylia
(1933} found no change in his patients,

Circulation time, — The arm-to-tongue time is normal or slightly
reduced (9; Hurst and Brand, 1937). Reduction may be due to
shortening of the average patbway through the lungs as a conse-
quence of collapse of some of the parenchyma. The arm-to-lung
(ether) time is normal or slightly reduced (Hitzig, 1935; Feinsilver,
1943).

Venous pressure. ~ Depending apparently on the degree of change
in intrapleural pressure, the venous pressure has been found to be
within normal limits or somewhat elevated (10; Hussey, 1936).

Right heart pressures. — The right auricular and right ventricular
pressures are not influenced significantly by pneumothorax in man
(Bloomfield e? ¢l., 1946).

Arterial pressyre.— No striking changes in arterial blood pressure
occur except in some patients with massive spontaneous pnenmo-
thorax; here the systolic and pulse pressures may fall markedly, with
lesser declines in diastolic, and the patient may exhibit signs of col-

lapse.

Symptoms.— Patients who receive pneumothorax therapeutically
ordinarily show little or no respiratory emb Nowing the
intrapleural administration of air; although 2 iderable degree of

pulmenary collapse may be induced in some instances, intrapleural
pressures are not permitted to become excessively high and, more-
over, the patients are not likely to engage in strenuous exertion there-
after. In some instances, bowever, and in many with spontaneous
pneumothorax, severe fesg iratory or ci "y p occur.
The size of the pnenmothorax and the level to which the intrapleural
pressure sises evidently largely determine the occurrence of untoward
manifestations. Equally important, however, is the presence of ab-
sence of extensive pulmenary disease in the uncollapsed jung. These
considerations probably account for the variations in the observa-

tions reported. . . !
The decreases in residual, and more particularly in functional

residual air, that is, the amount of air in the lungs after normal
expiration, diminish the volume of air that must be exchanged by
,
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upper limit of normal. The loss of the normal negative intrapleural
pressure impedes venous return; although the cardiac output may fall,
it need not diminish significantly, since enough pressure may be built
up in the peripheral veins to force this slight barrier, However, it is to
be doubted that the cardiac output under such circumstances can in-
crease in a normal fashion in response to exercise. This fact in it-
self may lead to an abnormally large oxygen debt after work. Al-
though marked changes in circulation do not occur at rest, mild circu-
latory insufficiency may occur during exercise,

Collapse of the lung such as occurs in pneumothorax so shortens
the average length of the pathway traversed by the substance used
in measuring the circulation time as to reduce the latter somewhat.
This acceleration of the circulation may be masked by a tendency
toward slowing parallel with a reduction in cardiac output. In the
case of a large sp p horax, circulatory function may
be so markedly impaired by the change in intrapleural pressure as
to give rise to a sudden fall in cardiac output severe enough to pro-
duce the picture of shock This is particularly likely to occur if posi-
tive pressures develop in the pleural space; release of these high
pressures or withdrawal of the air usually gives rise to rapid improve-
ment.

The common development of effusions in a pneumothorax is ex-
plained by the results of experiments in dogs performed by Dolley
and Wiese (1929). These authors found that pneumothorax reduces
lymph flow and retards the taking up of material from the pleural

space.
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PNEUMONIA

The cardi i i ions of p ia are largely de-
termined by the d:anves due to fever, the laucr have been reviewed
elsewhere (Altschule and Freedberg, 1945). The function of the cir
culation and respiration in pneumonia may be further modified by
the of certain i such as marked anoxia, ab-
dominal distention, pleural effusion or pericarditis, most of which
have already been discussed, Accordingly, the present discussion will
involve consideration of the immediate changes caused by the modi-
fications of pull y structure toa ic process;
these are of tninor importance unless a good deal of the parenchyma
of the Tung is affected,

Lung volume and its subdivisions.— The accuracy of measure-
ment of the subdivisions of the Iung volume is often impaired to a
large extent by the occurrence of pleuritic pain, which may result in
false low readings for reserve air, complemental air, and vital capac-
sty; in addition, by causing extremely shallow breathing, pleuritic
pain may sometimes cause inaccurate results when the residual air
is measured. The functional residual air is reported decreased by all
authors (Siebeck, 1910; Binger and Brow, 1924; Lindskog ef al.,
1936, Kaltreider et af, 1937); a certain degree of parallelism be-
tween the amount of this reduction and the extent of the pneumonic
lesion appears to exist. The residual air is normal or somewhat re-
duced in volume (Siebeck, 1g10; Lindskog et of., 1936, Kaltreider
et al., 1937). The reserve air, vital capacity and total capacity usu-
ally show marked decreases (Siebeck, 1910, Myers, 1922} Lindskog
et al., 1936; Kaltreider et al., 1937). Following subsidence of the
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1935). Here again it is impossible to evaluate the role of fever and
other influences in addition to changes in the lungs themselves.

Venous pressure. — Normal values for venous pressure have been
found by most observers (3; Kastlin and MacLachlan, 1931); Moore
(1937), however, described it as elevated A late rise in venous pres-
sure may occur in patients who are downg pootly (Fuchs, 1921; Kast-
Hn and MacLachlan, 1931). The rise in venous pressure during
exertion is normal in patients with pneumonia (Schott, 1912).

Symptoms. — Symptoms due solely to the pneumonic lesion in the
lungs may be greatly overshadowed by those of fever, anoxia, peri-
carditis, pleural flnd, and so on.

The above-described decrease 1n functional residual air diminishes
10 a variable extent the space available for breathing; this is hardly
of significance, except in patients in whom most of the lung tissue is
involved. The elasticity of the lung is somewhat impaired, as is
shown by the decreased reserve air. The latter finding, although it is
evidence of some lessening of the negativity of the intrapleural pres-
sure, indicates no great change in that direction Decreased expan-
sibility of the lung, shown by the considerable decrease in comple-
mental air and in maximal possible minute ventilation, is probably
consequent both to pleuritic pain and to increased rigidity of the
lungs caused by congestion, interstitial edema and exudale

Except in extreme cases, the d d pul y ility 1s
not likely to be of primary importance in the genesis of dyspnea or
hyperventilation in patients with ia, in spite of the i;

oxygen consumption caused by fever The shallow tidal air volume
that occurs is largely due to pleuritic pain, increased pulmonary rigid-
ity playing only a minor role. A considerable increase in respiratory
rate and mnute volume may partly or wholly compensate for shallow
respiratory exchange. This increased respiratory activity, however, is
only partly consequent to anoxa, for it is often not markedly in-
fluenced by oxygen; two additional causative factors are fever and,
as first shown by Porter and Newburgh (1916, 1917), reflex stimu-
lation of the respiratory center by irritation of pulmonary paren-
chyma.

The lowered arterial blood oxygen saturation that is common in
patients with extensive pneumonia appears to be largely consequent
to impaired diffusion of oxygen in the damaged lungs and to the flow
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fever, the changes in the subdivisions of the lung volume may persist
for two months or more (Kaltreider et ol., 1937).

Respiratory dynamics.—'The respiratory minute volume fs in-
creased in pneumonia (Beddard and Pembrey, 1908; Meakins, 7920;
Binger and Davis, 1928; Knipping and Moncrieff, 1932); this oceurs
as a consequence of a marked rise in respiratory rate (Meakins, 1920;
Binger and Dawvis, 1928). The tidal air volume falls as a rule, often
markedly (Meakins, 1920; Binger and Davis, 1928; Lindskog et al,,
1936). The increased respiratory activity may result in a fall in
alveolar carbon dioxide content (Beddard and Pembrey, 1908); the
amount of air breathed per hundred cubic centimeters of oxygen
absorbed rises (Knipping and Moncrieff, 1932}, so that respiration
becomes less efficient The maximal possible respiration per minute
is considerably diminished (Jansen et al,, 1932). It should be noted
that much of this change, or in some cases all, might be due to fever
alone (Altschule and Freedberg, 1945).

Blood gases; tissue gus tensions ~— A decrease in arterial oxygen
saturation has long been recognized to be of common occurrence in
pneumonia. (1; Barach and Woodwell, 1921} Stadie, tgrg); the
beneficial effects of the administration of oxygen have been estab-
lished (Barach and Woodwell, 1921; Binger, rg28; Meakins, rgzs;
Stadie, 1922). Changes in arterial carbon dioxide concentration are
more variable, high, normal, or low values being reported (2; Barach
and Woodwell, 1921, Binger et al., 1927, 1928), These differences
are due to the opposite effects of carbon dioxide retention on one
hand, and, on the other hand, of the consequences of blowing off of
carbon dioxide owing to stimulation of the respiratory center by fever,
anoxia, ot reflexes from the Jungs (Porter and Newburgh, 1916,
1917). The arterial pH may be normal or shightly elevated (Bh?ger
¢t al,, 1927). A single report records normal or low oxygen tensions
in the tissues in patients with pneumonia (Del Baere, 1039). i

Cardizc oviput, —Lanter (1930) recorded a large increase. in
cardiac output, greatly in excess of the rise in oxygen consumptios,
in one patient, 2 change probably consequent to fever, although
anoxia may also bave played a part.

Circulation time.~— The arm-to-tongue or ~face time i normat of

reduced (Koch, rgaz; Tars et al., x932; Hitzig, rg35; Bemstein
and Simkins, 1939}; the ether time is reported as normal (Hitzig,
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of blood through unaerated pulmonary tissue, Matkedly shailow
Tespiration may further lower arterial oxygen saturation (page 71).
Carbon dioxide is more freely diffusible than oxygen and conse.
quently carbon dioxide retention is of less common occurrence. In-
deed, the hyperventilation consequent to fever and to reflexes arising
in the lungs may far overshadow the tendency toward carbon dioside
retention, so that normal ot even low values for arterial blood carbon
dioxide content are common. Consequently, the arterial blood pH fs
usually normal or slightly alkalotic; dyspnea due to carhon dioxide
acidosis is not usual.

Cardiovascular dynamics are not demonstrably influenced by the
presence of a pneumonic process per se; whatever changes have been
observed in the fragmentaty studies available appear to be those of
any febrile Mness and, in extreme cases, of anoxia. Additional data
would be helpful, however. The ncreased cardiac output that occurs
in febrile illnesses is not sufficiently Jarge to affect deleteriously the
normal heart, but it may cause a previously damaged myocardium to
fail. The occurrence of venous engorgement in elderly or cardiac pa-
tients with pneumonia who are doing poorly is difficult to interpret,
since it may be the result of marked changes in intrapleural pressure
consequent 1o massive pul y i § with ex-
treme degrees of abdominal distention, to congestive failure, to the
development of pleural fluid, to pericarditis, or to a combination of
these various factors. Whatever its mechanism, it should not be con-
sidered an indication for venesection.
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blood flow, penipheral, in, 250

capillaries, cutaneous, in, 251

cardize output in, 250

cirgulation time in, 250

mechanism of, 285

1 myocardial infarction, 245

oYygen consumption in, 250

respiratory dynamics 1n, 250

venous pressure In, 250

vital capacity 1, 250
Auricular flutter

cardiac output in, 251

circulation time in, 251

in myocardial infarction, 245

venous pressure 1, 2§

vital capacity in, 24z
Auricular tachycardia

arterial pressure In, 252

blood gases in, 252, 253

cardiac output n, 282

cardizc bamn i3, 254

circulation time in, 352

dyspnea in, 253

shock in, 234

wvenous pressure in, 252

vital capacity in, 353

BAL and diuresis, 190
Basal metabolsm, see Otygen con-
sumption
Bed rest 5
circulation time during, 202
. oncenre durine. 20%

INDEX

Blood
in congestive failure, 107
in pulmonary emphysema, 314
in septal defect, 277
Blood bicarbonate
and blood lactic acid, 7g, 86
it cangestive fatlure, 18
after dwresis, 8¢
in exercise, 79
in pulmonary emphysema, 314
Blood carbonic anhydrase
in bronchal astbma, 327
1n congestive failure, 8o
n pericarditis, 264
in pulmonary emphysema, 314
1n septal defect, 277
Blood chloride; see Blood electrolytes
Blood clotting in myocardial infarc-
tion, 246
Blood depots, 108
Blood destruction in congestive failure,
110, 130
Blood electrolytes
after ammopum chloride, 193
1 congestive failure, 80
and dwresis, 81, 199
durning ovxygen inhalation, 191, 202
in pulmonary disease, 8o
in pulmonary emphysema, 314
in salt restrictron, r24
with tourniquets, 225
Blocd flow, cerebral
and Cheyne-Stokes respiration, 150
in congestive failute, 249
after morphine, 224
and orthophea, 181
n exygen intosicaiton, 193
Blood fow, cutaneous, and insensible
perspiration, 147
Blood flow, hepatic
11 abdominal distention, 141
in congestive failure, 130
Rlood flow, peripheral
after amunopbylline, 223
in anowa, 70
in aotye insufficency, 287
1 auricular fibrillation, 350
and blood otygen, venous, 33
in coarctation of zorta, 281
n congestive falure, 37
after digitals, 150



INDEX

Cardiac pain

and anoxia, 243

10 sortic 1sufficiency, 288

in aurcular tachycardia, 254

nerve pathways, 24

in ventricular tachycardia, 25§
Cardhac work

1 angina pectons, 241

In congestive failure, 7

m valvular disease, 284
Carotid sinuses after myocardial in-

farction, 243
Cerebrospinal flud drainage, so
Cerebrospinal fluid after ammonwum
chloride,

Cerebrospinal fluid pressure

after aminophylline, 123

and cerebral blood flow, §o

I congestive failure, 49, 150

after duresis, 49, 196

and orthopnea, 50, 183

m pericardits, 262, 264

after venesection, 49, 219

and venous pressure, 49
Chest binders

and oxygen debt, 92

and respiratory dynamcs, 92
Cheyne-Stakes respiration, 150
Churchill-Cope reflex, 67, 170
Circulation time

after aminophylline, 223

in angmna pectors, 241

in auricular fibnllation, 250

in auncular futter, 251

1 aunicular tachycardia, 253

during bed rest, 201

1n bronchial astbma, 326

and cardiac output, 18

n coarctation of aorta, 281

1 congestive farlure, 18, 203

m duresss, 196

and dyspnea, 18

and edema, 19

in heart blnck 156

after morphine, 224

after myocardial mfarction, 244

in pericardstss, 263, 266

in pleural efusion, 334

in pneumonia, 350

1 pneumathorax, 342, 344

359
dunng positive pressure respiration,

227

in pulmonary edema, 219, 223

1 pulmonary emphysema, 313

m pulmonary fibrosis, 303

and residual heart blood, 20

and “right ventncular fatlure,” 19

m septal defect, 275

In tricaspid disease, 239

after venesection, 228

and venous pressure, tg

m ventricular tachycardia, 255
Coarctation of aorta

arterial pressure in, 283

blood flow, penphera), m, 281

blood ﬂow, renal, i, 281

cardiac output 1n, 280

circulation time in, 38t

otygen consumption in, 283

pulse m, 281

tissue gas tensions in, 281

venous pressure i, 281
Complemental air, defiration, 52, see

also Lung Volumes

Coughing and venous pressure, 36
Creatinuria

n congestive fadure, 151

after myocardial Infarction, 246
Cyanosis

and blood oxygen, artenal, 163

and blood ovygen, capillary, 164

in pulmonary edema, 220

in septal defect, 291

and venous dilatation, 164

Diaphragm
m congestive failure, 61
1 orthopnea, 179
m pleural effusion, 334
in poeurnothorax, 3
1n pulmonary emphysema, 316
Digitalis
alveolar carbon diomde after, 190
blood volume after, 190
blood flow, peripheral, after, 190
cardiac output after, 189
otygen consumption after, 190
oxygen debt after, 190
penipheral resistance after, 190
right heart pressure after, 150
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INDEX

during positive pressure

237

in pulmomaty fibrosis, 3oq

in salt retention, 109, 122

in septal defect, 277

in sleep, 231

during standing shll, 108, 229

after venesection, 229

and venaus pressure, 3s, 108
Bone marrow

in congestive failure, 130

1o pulmomary empbysema, 314
Bronchial asthma

blaod carbonic anhydrase in, 327

blood gases in, 326

arcnlation tume in, 326

dyspnea §n, 327

exercise 1n, 316

expiratory pressure in, 325

expuratory veloaty in, 325

intrapleural pressure in, 325

Jung volumes in, 325

maximal ventlation in, 326

oxygen consumption in, 326

oxygen debt in, 326

oxygen inhalation In, 326

respiratory dynamics in, 325

tissue gas tensions in, 326

venous pressure in, 317

vital capactty 1, 325

Capillaries

in anoxia, 47

in auncular fibnliation, asx

in congestive failure, 47

1 heart block, 257

in pericardins, 266

in septal defect, 277

in ventricular tachycardia, 255
Capillary permeability

in anoma, 35§

in congestive failure, 103
Capiflary pressure

in congestive fatlure, 47

in edemsz, 4

with tourmiquets, 324

and venous pressure, 47
Capillary pulsation, 283
Carbohydrate metabolsm

In congestive faflure, 139

after
Casbon diowsde Inhalation

blood pH during, 80

dyspuea during, 62, 8o

respreatory dynamics during, 8o
Carhon diozide tolerance 1 emphy-

sema, 315

Cardiac efficiency, 7
Cardiac output

after aminophyline, 223

in angina pectons, 240, 24x

in anexia, 70

after ammonium chlonde, 194

m aortic insufficiency, 286

in auricular fibnilation, 250

in auricular Butter, 351

in auncular tachycardis, 252

2nd cardiac size, 6

and czeulation time, 18

in coarctation of aorta, 280

in congestive failure, §, 204

after digitalis, 189

in dwresis, 195, 200

m emotion, 241

n exercise, 8, 257

i heart block, 256

methods, 1

1 mitral stenpsis, 385

after myochardial infarction, 233

1n nodal tachycardia, 256

and oxygen consumption, §

in oxygen inhalation, 191

in etygen intoxicabion, 152

fo patent ductus arteriosus, 272

in pericarditis, 262, 265

In pleura) effusion, 333

in pneumonia, 3so

in pneumothorax, 341, 343

during positive pressure respiration,

227

in pulmonary edems, 218

m pulmonary emphysema, 312

1 pulmonary fibrosis, 303

in septal delect, 274

with toumiquets, 226

in tricuspid disease, 289

in valvular disease, 284

atter venesection, 228

and venous pressure, 6

in ventricular tachyeardia, 255
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renal function after, 201

urnnary electrolytes after, zor

vengus pressure after, 190

wital capacity after, 190

Duuresis

after BAL, 199

blood e(ectm!ytes after, 81, 195, 196,
197, 200, 20;

blood volume after, 196, 198, 200,
201,

:nduc outpm after, 156, 200

cerebrospmal fluid pressure after,

19
arculation fime after, 196
extracellular fwd after, 196
insensible perspiration after, 198
after morphine, 199
orthopnea aiter, 182
in oxygen inhalation, 191
after paracenteses, 142
plasma oncotic pressure after 196,

198, 201
plasma proteins after, 166, 197, 1908,

199, 200, 203
plasma specific gravity after, 196
renat function during, 118, 198
tissue pressure after, 153, 196
unnary electrolytes during, 195, 199,

201, 202
wvenous pressure after, 196
wital capaaty after, 296

Dyspnea
alveolar carbon dioxide in, 76
after amunophylline, 223
in anoxia, 1635
blood gases in, 71, 169
blood lactic acid i, 87
bled pH in, 48
blaod volume in, 172
in carbon dioxide wnbalation, 80
circulation time in, 18
and heat dispersal, 29, 63, 17T
oxygen consumption in, 144
dia, 253

ANDLEX

in pulmonary congestion, 62
in pulmonary edema, 220

in pulmenary emphysema, 316
and pulmonary function, 170
1z pulmonaty fibrosis, 304

and pulmonary reflexes, 68, 170
in septal defect, 299

in tricuspid disease, 29t

in ventricular tachycardia, 255
and tissue gas tensions, 171
and vital capacity, 54

Edema

and anowua, 154

and blood flow, pempheral, 28

and capillary pressure, 47

and arculation tie, 19

and corticoids, 124

and lymphatucs, 148, 150

and malnutntion, 139

m pencarditis, 264

and plasma proteins, 96, g7, 158

and salt tetentron, r5g

and tissue pressure, 153, 159

in trrcuspad disease, 291

and venous pressure, 36, 156

in water intake, 123
Effiaency for work

in anoxia, gz

1 congestive falure, 92

in pulmonary emphysema, 312
Emotion, cardiac output during, 241
Erythrocytes in congestive failure, 210
Erythrocyte fragity

in anova, 1rx

in congestive failure, 110

1n septal defect, 277
Exprratory pressure

1 bronchial asthma, 325

in congestive failure, 53, 61
Expiratory veloaty

in bronchial asthma, 325

in congestive failure, 53, 61
E: Nular fuid

in auricular
in bronchial asthma, 327
in heart block, 257

in pericarditss, 264

in pleural effusion, 332, 334
in pneumoniz, 3§51

in pneumothorat, 342

cholinesterase in, 104
electrolytes in,
after ammonium chloride, 02,

193
after duresss, 196
and filtration, 102



INDEX

urinary electrolytes during, 191, 202
vital capacity during, 191

Oxygen intovication, 192

Otygen “storage,” 3

Paracentesis
m congestive failure, 102
diuresis after, 142
and plasma proteins, 97
1 pleural effusion, 332, 333, 334

336
respiratory function after, 141
Patent ductus arteriosus
arterial pressure in, 273
blood gases m, 273
blood volume 1, 273
cardiac output m, 271
pulmonary arterial pressure i, 272
right heart pressures in, 272
pulse 1, 272
venous pressure 1n, 272
Pericardial  effusion m
disease, 291
Pericardial effusion, see pencarditis
Pencarditis
arterial pressure 1n, 263, 266
blood carbome anhydrase 1m, 264
blood flow, penpheral, 1n, 263
capillanies, cutaneous, 1, 266
cardiac output m, 262, 265
cerebrospinal fuid pressure in, 262,
264

tricuspid

arculation time 1n, 363, 266

dyspnea 1n, 264

edema 1n, 264

hepatic function 1n, 264

penipheral resistance 1n, 266

plasma proteins 1, 265

ight heart pressues m, 263, 266

shack 1, 267

thoracic duct pressure mn, 267

venous pressure 1, 262, 263, 266

vital capaaty in, 264, 266
Penpheral vesistance

after amunophylline, 223

1 congestive failure, 33

after digitalis, 190

m pencarditss, 266

1 septal defect, 278

and venesection, 228

363
Plasma electrolytes, see Blood electro-
Iytes

Plasma oncotic pressure

m congestive failure, g6

after diuress, 196, 158, 201
Plasma protemns

and albuminuna, g7

in congestive failure, 6

after diuresis, 336, 197, 198, 199,

200, 202

and edema, ¢6, 158

and malnutntion, 97, 138

in pericarditss, 265

in pulmonary edema, 222

during sleep, 222

after tourniquets, 225
Plasma specific gravity

after dirests, 196, 201, 202

after tourmquets, 223

see also Plasma proteins
Pleural effusion

blood gases in, 333

cardiac output 1n, 333

arculation time 1o, 334

diaphragm m, 334

dyspnea n, 332, 334

intraplental pressure in, 333

lung volumes in, 332

maximal ventilation m, 333

paracentes:s In, 332, 333, 334, 336

respiratory dynamucs i, 333

venous pressure In, 334

wital capacity in, 332
Pneumonia

alveolar arr carbon dioude 1n, 350

blood gases in, 350

blood pH 10, 350

cardiac output 1z, 350

arculation time 1, 350

dyspnea 1n, 31

Jung volumes mn, 349

maximal ventilation m, 350

otygen inhalation in, 350

pulmonary reflexes in, 351

resprratory dynamzcs in, 350

tissue gas tensions 1n, 350

venous pressure in, 351
Pneumothorax

alveolar carbon choxde in, 341

artenal pressure in, 342
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Mazimal ventilation
in congestive failure, 62
in bronchial asthma, 326
1 pleyral effusion, 333
in pneumonia, 350
in preumothorax, 341
in pulmonary emphysema, 3r2
1 pulmonary fibrosis, 303
Mid capacity, definition, 52; see also
Lung volumes
Mitral stenosts
auricular fibrillation in, 285
cardrac output in, 285
Mixing in lungs
in congestive faflure, 63
in pulmonary emphysems, 3tz
in pulmonary fibrosis, 303, 304
Morphine
blood gases aftef, 224
blood pH after, 224
cerebral blood flow after, 224
arculation time after, 224
duresis after, 199
oxygen consumption after, 224
respiratory dynamics after, 224
wital capacity after, 224
Myocardial infarction
ausicular arrhythmuas after, 245
blood clothing in, 246
blood flow, peripheral, after, 244
blood volume after, 244
carbobydrate metabolism after, 246
cardiac output after, 244
carotid sinus reflex after, 245
circulation tune after, 244
creatinuria after, 246
heart block after, 245
protem metabolism aiter, 236
pulmonary edema after, 245
shock after, 245
vasoconstrictton after, 246
venous pressure after, 244
venous tone after, 244
wital capacity affer, 244

Nodal tachycardiz
cardiac output in, 256
yenous pressure In, 256

INDEX

Orthopnea
and cerebral blood flow, 181
and cerebrospinal fluid pressure, 5o,

153

after diuresis, 182

and pulmenary blood flow, 175

and pulmonary congestion, 176, 177

and respiratory function, 179

mn tricuspid disease, 29x

after venesection, 182

and venous pressure, 182
Oxygen consumption

in auricular fibrillation, 250

in bronchial asthma, 326

wath chest binders, gz

in coarctation of aorta, 283

in congestive failure, 144

after digitalts, 190

i dyspnea, 144

during exercise, 91

1 pneumothorax, 341

and respiratory function, 144

after venesection, 229

in ventricular tachycardsa, 255
Otygen debt after exercise

in abdominal distention, 140

after ammonium chlortde, 193

in anovia, 92

in bronchial asthma, 326

with chest binders, g2

1 congestive fatlure, 91, 93, 168

after digitahs, 190

n pneumothorax, 341

in pulmonary emphyserna, 312

m pulmonaty fibrosis, 303

in septal defect, 278
Orygen mhalation

blood gases during, 71, 19X

blood electrolytes during, 191, 300

blood lactic acid during, 87, 93

blood viscosity during, 111

in bronchial asthma, 326

cardiac output during, 191

duresis during, 191

and exercise, 191

in preumona, 350

in pulmonary edema, 230

in pulmonary emphysemas, 314

in pulmonary fibrosis, 301

1 septal defect, 276



INDEX

maximal ventilation in, 303

muxing in lungs in, 303, 304

oxygen debt i, 303

oxygen mbalation in, 301

respiratory dynamics in, 302

right heart pressures in, 304

venous pressure in, 304

wital capacity in, 302
Pulmonary reflexes

n congestive fadure, 61, 62

and dyspnez, 68, 170

in pneuomnia, 350

in pulmonary congestton, 67

see also Churchill-Cope

Henng-Breuer reflex

Pulmonary ngidity, sec Lung volumes
Pulse

reflex,

m aortic msufficiency, 287
1n aortic stenosis, 286
1n coarctation of aorta, 281
n patent ductus artenosus, 272, 273
Pyruvate infusion m congestive fail-
ure, 88

Qumadine, 250

Reactive b in fail-

365

i congestive failure, 6o

and dyspaea, 62

in exercise, 61, 303

1n heart block, 257

after morphine, 224

and otygen comsumption, 6o, 6%,

144

in pleural effusion, 333

1n pneumonia, 350

in poeumothorax, 341

in pulmonary emphysema, 311, 325

1 pulmonary fbrosts, 302

1n septal defect, 276

after therapy for congestive failure,
204

in tncuspid disease, 200
after venesection, 229
1n ventricular tachycardia, 255
Right heart pressures
1n congestive falure, 45
after digitals, 190
and mtrapleural pressure, 45
1n patent ductus artenosus, 272
1n pencarditss, 263, 265
in pneumothorax, 342
in pulmonary emphysema, 313

ure, 33
Reflexes in angina pectons, 243
Renal function
in congestive failure, 117
in positive pressure respiration, 237
Remn 1n congestive faiure, 33
Reserve air, defimtion of, 5z, se¢ also
Lung volumes
Residual awr, definition of, §2; see also
Lung volumes
Residual heart blood, 20
Resprratory center in congestive fail-
ure, 71
Respiratory dynamics
n abdomunal distention, 140
and alveolar air carbon diomde, 76
after ammomium chlonde, 193
1n anoxa, 63
m auncular Sbnilation, 230
and blood gases,
and blood lactic acid, 63
i carbon dioxide inbalation, So
with chest binders, g2

fibrosis, 304
an septal defect, 275
with tourmquets, 226
1n trcuspid disease, 189
and vasoconstriction, pulmonary, 45
after venesection, 227
and venous pressure, 45
“Right ventnicular failure”
and arculation time, 1
and extracellular fuid volume, 102
1 pulmonary emphysema, 317

Salt restriction 1 treatment, 203
Salt retention
blood vulume m, 109, 122
2nd edem:
and xtraceiiine flnd volume, r22
plasma protems 1m, g7
renal function and, 118
yemous pressure m, 122
Septal defect
alveolar air carbon dromide in, 276
blood carbonic anbydrase in, 277
blood gases in, 276



364 INDEX

blood gases iv, 343
blood pH in, 347
cardsac output in, 341
wreniation time in, 342, 34
diaphtagm m, 340
dysprea w, 340
exercise duttog, 34%
lung volumes an, 340
oYygen consumptian i, 345
orygen debt in, 341
pleueal lymph flow in, 344
respiratory dynamics im, 34¢
Tight heart pressures in, 322
shack m, 344
venous pressure in, 342
vital capaaty in, 340
Porphynins in congestive failure, 129
Posttive pressure raspration
bleod fow, penpheral, during, 227
blood volume dunng, 227
cardiac output dunng, 317
ntrapleural pressure dunng, 226
tung volurees durmng, 227
renal function dusing, 327
venaus pressure during, 227
vital capaaity dunng, 237
Protein catabohsm
with amommum chloside, 97, 104
after myoacardial infarctzon, 246
ic studhes n gestt

P

Talure, 145
Pulmonary artenal pressure

in patent ductus arteriosus, 272

1w puloonary emphysema, 313
Pulmonary congestion

and cuculation tuze, 183

and dyspnes, 62

and orthopnea, 196, 377
Pulmonary edema

arterial pressure m, 220

blood gases wmn, 220

blood lactre acd in, 273

cardiae dutpnt 3m, 358

circulation time 1, 219, 233

cyanosts in, 230

dyspnez in, 220

Tupg wolumes 1, 230

in myocardial mniarction, 245

pocturnal occurzence of, 235

ayveen inhalation in, 230

plasma proteins fn, 222
shotk in, 220, 222
tissue gas tensions in, 291
vasoconstrictlon in, 220
venous pressure in, 259
vital capacity in, 250
Pulmonary elasticity, see Lung val

e

Pulmonary emphysema

abdamnal binders, use of, 316

alveolar mr gases in, 311

artenal pressure 10, 313

blood w, 334

blood carbonic anhydrase in, 314

blood flow, pevipheral, 10, 313

blood gases in, 313, 314

blood electralytes in, 314

blood lactic acid an, 316

blood pH m, 314

bone marsow in, 314

carbon dioxde tolesance m, 317

cardiac output 1, 312

auzenlation tiwe w, 313

deaphragm 1, 336

dyspnea b, 316

efficiency for work in, 312

exercise I, 311, 313

intezpleural pressuse in 313

lung volumes in, 310

mixng in lungs in, 317

oxygen debt i, 312

otygen whalation 1, 314

puloonary arterial pressure in, 313

respiratery dynamics in, 331

“nght heart failure” 1, 317

sight heart pressures m, 313

fissue gas tenswons m, 314

venaus pressure 10, 363

vital capacsty in, 35t
Pulmonary fibrosis

alveolsr air zases in, 302

artenal pressure in, o4

bload gases in, 303

hlood volume i, 304

cardiac output 14, 303

circulation time 1n, Jo3

dyspnea m, 304

exercise m, 303

lactate infusion 0, 306

Jong volumes in, 302



INDEX

venous pressure in, 389

vital capaaty 1n, 200
Unnary corticoids and edema, 124
Unnary electrolytes

after ammontum chlonde, 193

after digitalis, z01

in diuresis, 195, 199, 201, 203

duning oxygen inhalation, sg1, 202
Urinary lactic ad in exercise, 87, 88
Uninary urobilinogen, 130, 129

Valsalva manetver, venous pressure

) 3
Vasoconstriction
in anowz, 33
in congestive failure, 32
in myocardial mfarction, 246
in pulmonary edema, 220
pulmonary, 1n anoxia, 45
1n pulmonary fibrosts, 306
and nght heart pressure, 45
renal, in congestive failure, 117
Venesection
blood flow, peripheral, after, 228
blood flow, pulmonary, after, 228
blood gases aiter, 229
blood volume after, 229
cardiac output after, 228
cerebrospmal fuid pressure after,

29

arculation tune after, 228

lung volumes after, 239

orthopnea, effect on, 182

oxygen eomsumption after, 229

penpheral resistance after, 2:8

respiratory dynamues ater, 229

nght beart pressures after, 227, 228

shock after, 239

venous pressure after, 227

wital capaaty after, 329
Ventricular tachycardia

alveolar awr carbon diomde 1n, 253

artenal pressure i, 255

blood gases in, 255

Blood Jactic zad 1m, 255

capillanes, Cutaneaus, in, 255

cardiac output 1, 255

cardyac pain in, 235

dyspnea in, 255

©oXygen consumption 1, 255

367

respiratory dynarmics in, 253
shock in, 255
venous pressure in, 255
wital capacity in, 255

Veous distention 2nd hyperventila-

tion, 68

Venous pressure
m abdominal distention, 141
after amwophylline, 723
m angma pectons, 241
m anoxia, 33
1 auricular fibnllation, 250
in auricular flutter, 231
in auricular tachycardia, 252
during bed rest, 202
and blood volume, 35, 108
in bronchul asthma, 327
and capillary pressure, 47
and cerebrospinal fluid pressure, 49
in coarctation of the aorts, 281
m congestive faure, 34
dunng coughing, 36
after digitalss, ygo
after diuresis, 196
and edems, 36, 156
in exerase, 35
in heart block, 136
and intrapleural pressure, 35, 216
in myocardial infarction, 244
1 nodal tachycardia, 256
and orthopnea, 582
m patent ductus arteriosus, 272
m pencarditis, 262, 263, 266
1 pleural effusion, 334
1n pueumonia, 351
in pneumothorax, 342
position, effect of, 34
during positve pressure respiration,

227

in pulmonary edema, 219
in pulmonaty emphysema, 313
1n pulmonary fibrosis, 304
and nght heart pressure, 43
salt retention, effect of, 121
during standing still, 219
after tourniquets, 2235
in tricuspid disease, 289
in Valsalva maneuver, 36
after venesection, 727
1 ventneular tachycardi, 255
durng wallang, 158
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blood lactic acid in, 278
blood pH in, 277
blood volume in, 277
capillaries, cutaneous, in, 277
cardiac output m, 274
arculation time in, 275
cyanosis in, 279
dyspnea 1n, 279
erythrocyte fragility i in, 277
left auricular pressure in, 275
lung volumes in, 276
oxygen debt in, 246
otygen inhalation in, 276
peripkeral resistance in, 278
respiratory dynamics in, 276
right heart pressures in, 27§
vital capacity 1n, 276
Shock
after aminophylline, 224
1 auncular tachycardia, 254
in myocardial infarction, 245
1 pencarditis, 267
in pneumothorax, 344
in pulmonary edema, 220
after venesectlon, 229
1n ventncular tachycardia, 255
Sitting with feet dépendent, 229
Skeletal muscle potassium, 152
Sleep
blood volume in, 221
carbon dioxide retention in, 221
plasma proteins in, 222
vital capaaty after, 222
Sodsum clearance
m congestive falure, 123
1 drwresss, 198
Standing still
blood volume during, 108, 229
venous pressure during, 229

Supplemental awr, defimition of, 52;

see also Lung volumes
Sweating in congestive failure, 29

Temperature, cutaneous, in conges-

tive failure, 29
Temperature regulatton
in congestive falure, 29
and dyspnea, 29
with tourmquets, 226

INDEX

Thiamine metabolism
in 2noxia, 139
m congestive falure, 138
Thiamme deﬁdency
and blood pyruvic acid, 88
“in congestive failure, 88, 138

Thoracic duct pressure in pericarditis,

265
Tissue gas tensions
and blood gases, venous, 85
in bronchial asthma, 326
in coarctation of aorta, 281
in congestive fadlure, 85
and dyspnea, 171
in pneumonia, 350
in pulmonary edema, 221
in pulmonary emphysema, 314
with tourmquets, 225
Tissue pressure
in congestrve falure, 153
after diuresss, 196
and edema, 153, 150
with tourniquets, 225
Tourniquets
blood electrolytes with, 225
blood flow, penpheral, with, 225
blood flow, pulmonary, with, 226
blood gases with, 22§
blood pH with, 225
captllary pressure with, 224
cardiac output with, 226
plasma proteins with, 22§
plasma speaific gravity with, 225
nght heart pressures with, 226
temperature regulation with, 226
tissue gas tensions with, 225
tissue pressure with, 225
venous pressure with, 225
vital capacity with, 226
Tricuspid disease
arterial pressure in, 290
cardiac output 1n, 28¢
arculation time in, 289
cyanosis in, 291
dyspnea in, 291
edema 1n, 291
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Venous tone
in congestive failure, 34
in myacardial infarction, 244
in H
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1n bronchial asthma, 325
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1 congestive failure, 53
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n dyspnea, 54
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in pulmonary edema, 220

in pulmonary emphysema, 312
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