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RELATION OF THE CARDIAC OUTPUT TO THE SYMPTOMS AND 
SIGNS OF CONGESTIVE HEART FAILURE 

The picture of congestive heart failure develops 
whenever the heart does not pump enough blood for 
a prolonged period to meet the requirements of the 
body. There is no absolute level of cardiac output 
below which patients have congestive failure and 
above which they are normal. This becomes obvious 
when one considers the natural history of conges- 
tive failure. When decompensation comes on, the 
signs and symptoms of heart failure develop during 
activity. Measurements of the cardiac output at 
activity show the output to be increased above the 
resting level. If the increase in cardiac output is less 
than that required for the degree of activity, the 
signs and symptoms of failure appear. When the 
patient is put to bed, compensation frequently occurs 
without further treatment. When the patient is at 
rest, the cardiac output falls below that present 
during activity. Nevertheless, the output is now 
adequate to meet the needs of the body at rest, and 
compensation occurs. Patients with thyrotoxicosis, 
anemia, beriberi, and arteriovenous communications 
have high cardiac outputs during rest. If the heart 
becomes inadequate, the signs and symptoms of 
congestive failure develop. In this group of patients 
the cardiac output in the presence of congestive 
failure will be lower than it was before failure de- 
veloped but it will be much higher than the cardiac 
output of a normal subject at rest. It is higher 
than the normal value, but not high enough to sup- 
port the increased needs of the body for blood. The 
reverse of this picture is seen in myxedema; in this 
condition a very low cardiac output may be present 
without any evidence of heart failure. The small 
cardiac output is adequate as long as the require- 
ments of the body for blood are low. If the metabo- 
lism were increased without increasing the cardiac 
output, cardiac failure would occur. 
When the cardiac output is inadequate for the 

needs of the body, two large groups of symptoms de- 
velop: one resulting from an inadequate supply of 
blood to the tissues, and the other resulting from 
water-logging of various organs and tissues of the 
body. In recent years with the introduction of mer- 
curial diuretics and of sodium restriction, it has been 
easier to distinguish between these two groups of 
symptoms. In patients with chronic heart failure the 
dyspnea, orthopnea, and decreased vital capacity 
largely result from waterlogging of the lungs. If 
the cardiac patient is dried out by restriction of 
sodium, these signs and symptoms may greatly im- 
prove even though cardiac function has not im- 
proved. If the patient now tries to exercise, weakness 
and fatigue, rather than dyspnea, are frequently 
the limiting factors. The symptoms of inadequate 
blood supply to the muscles develop because of the 
inability of the heart to increase its output with 
exercise. 

The symptoms resulting from congestion are usu- 
ally much more striking during rest than those 
resulting from inadequate blood supply to the tis- 
sues. That the tissues are actually receiving less 
than the optimal amount of blood is demonstrated 
by the increased arteriovenous oxygen difference 
consistently found in patients with congestive fail- 
ure in whom the failure persists even when the 
patient is at rest and is not accompanied by a di- 

seased state which increases the requirements of the 
body for blood. 
_ The weakness and fatigue which are so character- 
istic of cardiac failure are easily understood in 
terms of failure of the pump to deliver the required 
amount of blood to the tissues. bee an inadequate 
cardiac output should lead to marked congestion and 
edema is not so easy to understand. When edema 
develops, the body weight increases. This means 
that the intake of fluid is exceeding the loss of 
fluid. In the last analysis, one must explain why in 
the presence of the usual intake of Aud, the output 
of urine decreases, In marked congestive failure, 
not only is edema present, but the blood volume is 
increased. This eliminates the possibility that the 

fluid is retained because it flows out rapidly into the 
tissues because of a high venous pressure or of 
increased capillary permeability. Fluid is actually 
being held back by the kidneys in the presence of an 
excess of fluid in the blood stream. It has been 
suggested that a high venous pressure causes inter- 
ference with the function of the kidney, and that 
this results in formation of edema. This has been 
shown to be incorrect because (1) raising the venous 
ressure to the degree seen in early congestive 
eart failure does not decrease the renal blood flow 

or inhibit excretion of salt and water, and (2) chang- 
ing the venous pressure by restriction of salt and 
the use of mercurial diuretics in patients who form 
edema at rest does not alter the tendency of the 
patient to retain salt abnormally. 

Studies by Shroeder, Schemm, and Proger have 
shown that the retention of sodium is the primary 
abnormality in the formation of edema in heart 
failure. If sodium is restricted rigidly, large amounts 
of water may be given without producing edema. 
Why then is sodium retained? Merrill reasoned 
that the retention of sodium might be related to 
the inadequate cardiac output, Studying patients 
who formed edema while they were at rest in bed 
and receiving a normal diet, he found that the 
renal blood flow was reduced from a third to a half 
of normal and that the filtration rate was reduced 
to from a half to two thirds of normal. This reduc- 
tion in renal blood flow and filtration rate was not 
influenced by the level of venous pressure, but in 
uncomplicated heart disease, it was related to the 
degree of reduction in cardiac output. Observations 
on patients with heart failure and high cardiac 
output from exercise or thyrotoxicosis showed the 
same changes in renal blood flow and filtration rate. 
Regardless of the absolute level of cardiac output, 
the fall in renal blood flow occurred whenever the 
heart did not pump enough blood to supply the 
needs of all the tissues of the body. If the require- 
ments for blood were high, congestion and edema 
occurred when the cardiac output was greater than 
the normal resting value. Regardless of the abso- 
lute value of the cardiac output, the renal blood 
flow and filtration rate were abnormally low. Re- 
storation of the balance between cardiac output and 
tissue requirements causes an increase in renal 
blood flow. This may be done by increasing the 
cardiac output by digitalis or by decreasing the 

uirement of the body for blood. 
atients who have heart disease and form edema 
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while at rest present to the tubule from one-half 
to two-thirds the normal amount of sodium. The 
tubules reabsorb this reduced amount of sodium 
nearly completely, and excretion of sodium falls to 
a low level. Water is held back because of the reten- 
tion of sodium, and edema occurs. At present there 
are two schools of thought concerning the stimulus 
leading the tubules to sweep up so completely the 
small amount of sodium presented to them. 

One group has stated that one of the normal 
functions of the tubular cells is to conserve sodium. 
In order to preserve the concentration of sodium 
normally present in the extracellular fluids, it is 
necessary for the tubules to reabsorb the majority 
of the sodium presented to them. This function can- 
not be depressed below a given level in the presence 
of normally functioning tubules. In a normal sub- 
ject, the maximal stimulus for rejection of sodium 
by the tubules never results in rejection (failure to 
reabsorb) of anywhere near 50 per cent of the 
filtered sodium. In the cardiac patient with a filtra- 
tion rate of half the normal value who is excreting 
no sodiurn, the tubules are actually reabsorbing less 
sodium than they ever do in a normal subject at 
rest. This hypothesis postulates that the body had 
mobilized its maximal sodium dissipating mech- 
anisms when the edema is being formed, but that 
because of the small amounts of sodium filtered, 
the usual mechanisms are ineffective in excret- 
ing sodium. 

e other school of thought postulates that the 
completeness of reabsorption of sodium can be ex- 
plained only by the abnormal stimulation of the 
tubules by a hormone capable of causing increased 
reabsorption of sodium. 

It is important to collect data to prove which 
hypothesis is correct, If retention of sodium’ is 
occurring in the face of the efforts of the sodium- 
controlling mechanisms to excrete it, any stimulus 
causing retention of sodium in the normal subject 
would be expected to aggravate cardiac edema. If 
retention of sodium is occurring because of intensi- 
fication of the usual stimuli to the tubular cells to 
reabsorb sodium, stimuli causing retention of sodi- 
um in the normal subject would not be expected to 
increase the edema. Simple clinical observations 
favor the former hypothesis, but quantitative data 
are not available. 

Lowering of the filtration rate by other disease 
processes does not usually cause the striking reten- 
tion of sodium caused by cardiac failure. With the 
exception of circulatory failure, it is rare to have a 
persistent marked lowering of the filtration rate 
without disease of the tubules. When glomerular 
and tubular diseases occur together, the decreased 
amount of sodium filtered may be compensated for 
by the decreased ability of the tubules to reabsorb 
sodium. Indeed, in certain instances of chronic renal 
disease, wastage of sodium continues when the fil- 
tration rate is only a tenth of normal. 

The fundamental cause of edema, then, is the fact 
that the intake of sodium by mouth exceeds its 
excretion. This condition can be produced experi- 
mentally in normal persons in the absence of con- 
gestive failure by giving parenterally physiologic 
saline solution at a faster rate than the kidney can 
excrete it. The normal person retaining sodium will 
develop generalized edema, but he will not show 
the striking predisposition to pulmonary edema so 
characteristic of cardiac failure. There must be an- 
other factor which accounts for the localization of 
so much of the retained salt and water in the lungs 
in cardiac failure. Studies by Hickam and Cargill 
have shown that the pulmonary arterial pressure is 
elevated in congestive failure and that stimuli which 
normally increase the cardiac output result in a 
marked rise in pulmonary arterial pressure with 
little or no rise in cardiac output. Normal subjects 
given the same stimulus show a rise in cardiac out- 
ut with little or no rise in pulmonary pressure. 
ese data are in accordance with the accepted 

concept of left ventricular failure with the right 
ventricle pumping blood into the lungs at a faster 
rate than it can be removed by the left ventricle. 
High left atrial and pulmonary venous and capillary 

pressures brought on by the failure of the left 
ventricle would adequately explain the observed 
fact that once retention of sodium occurs in the 
cardiac patient, a disproportionate amount of the 
retained salt and water is deposited in the lungs. 
A high venous pressure occurs in many patients 

with congestive heart failure. Vasoconstriction and 
a large blood volume are two important factors in 
the production of the elevated venous pressure. 
When the cardiac output falls, vasoconstriction 
occurs unless the stimulus causing the fall in cardiac 
output produces great damage to the vasomotor 
centers or blood vessels. Whether the vasoconstric- 
tion is humoral or reflex in origin, or both, has not 
been determined. This constriction of the veins and 
venules raises the static venous pressure. These 
changes are seen in patients with reversible heart 
failure and in patients with pericardial tamponade. 
Rapid improvement by in the former 
and relief of the tamponade in the latter will cause 
a fall in venous pressure by lessening vasoconstric- 
tion and not by changing the plasma volume. When 
the blood volume is increased, the venous pressure 
rises unless the increase is accompanied by a de- 
crease in venous tone. In persons with chronic con- 
gestive failure who have a persistently inadequate 
cardiac output while they are at rest, changes in 
venous pressure are dependent on changes in the 
lasma volume. Those changes dependent on change 

in cardiac output cannot be demonstrated because 
the cardiac output cannot be increased to an ade- 
quate level. 

It is of interest to note that the same changes 
occur in the venous and arterial systems when the 
cardiac output is lowered by hemorrhage. The renal 
blood flow and filtration rate decrease. The veins 
and venules are constricted. The venous pressure is 
of course not elevated because of the small blood 
volume. 
A rise in venous pressure of the magnitude found 

in severe congestive failure will not produce strik- 
ing edema in normal subjects. A rise of the magni- 
tude seen in early congestive failure will aaidllees 
no detectable edema. The retention of sodium by the 
kidney is the primary cause of the edema. The salt 
and water retained by the kidney are distributed 
throughout the body according to the relations be- 
tween capillary pressure and tissue pressure. The 
importance of the increased pulmonary capillary 
pressure in the production of pulmonary edema has 
already been emphasized, Postural increases in 
capillary and venous pressure in the lower extrem- 
ities account for the early dependent edema. Once 
sodium is being retained by the kidney, small 
changes in venous pressure from local venous ob- 
struction, or thrombi, will cause a striking increase 
in edema of the part. 

In summary, the signs and symptoms of conges- 
tive heart failure occur because over a long period 
the cardiac output is inadequate for the needs of the 
body. The changes produced by inadequate blood 
supply to the muscles are easily understood. The 
mechanism by which the renal blood flow is de- 
creased when the output becomes inadequate has 
not been determined. The stimulus for the renal 
constriction appears to be the fact that the heart 
does not pump enough blood to go around. Renal 
constriction is not related to congestion or to a 
rise in venus pressure. It appears to be dependent 
purely on the inadequate cardiac output and occurs 
with equal intensity when the cardiac output is de- 
creased by hemorrhage. The retention of sodium is 
dependent on normal tubular function in the pres- 
ence of the low filtration rate produced by the 
decrease in renal blood flow. Thus, the edema which 
occurs in congestive failure is a manifestation of 
forward rather than backward failure. The dyspnea 
and orthopnea are caused by pulmonary congestion 
dependent on two factors: (1) retention of sodium 
by the kidney (result of an inadequate cardiac out- 
put), and (2) high pulmonary capillary pressure 
(result of blood accumulating in the lungs behind 
an inadequate left ventricle). 

Eugene A. Stead, Jr., M.D. 
Durham, North Carolina 
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