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Editorial

Re-examination of Salt and Water Retention

in Congestive Heart Failure”

Significance of Renal Filtration Fraction

INGE the work of Starr [7] who concluded
S that the increase in venous pressure ob-
served in congestive heart failure is due to an
increased plasma volume, the “forward” theory
of heart failure has been the subject of much
research attempting to describe the precise
mechanisms by which the extracellular volume
1s expanded during cardiac decompensation.
Warren and Stead [2] emphasized the dimin-
ished renal excretion of sodium and water as
the cause of fluid retention in patients in whom
edema forms. The cause of this renal salt and
water retention was investigated by Merrill [3],
who found that in patients in severe cardiac
failure, filtration rates were reduced to one-
third or one-half of normal, and renal blood flow
was reduced to an even greater degree. Similar
decreases in glomerular filtration rate had been
observed by Seymour et al. [4], and Merrill
theorized that renal ischemia leads to a decreased
glomerular filtrate which is almost completely
reabsorbed by normally functioning transport
systems. Decreases in glomerular filtration rate
(GFR) and renal blood flow (RBF) have been
confirmed by numerous investigators [5-9].

However, much evidence has been re-
ported which does not substantiate this theory:
(1) Cases of cardiac failure in man have been

reported in which GFR is within normal limits
[70-72]. (2) Diuresis (spontaneous or induced by
bedrest or therapeutics other than diuretics)
occurring in cardiac compensation is often not
accompanied by an increase in glomerular
filtration rate [4,70,72,73]. (3) Renal retention
of salt in experimental heart failure in the dog
takes place before any decrease in filtration rate
is observed and may continue for long periods of
time without any reduction in filtration rate
[14-76].

These experiments demonstrated that the
decreased renal sodium and water excretion in
heart failure showed no constant relationship
to filtered load. Moreover, since the clinical
symptoms of heart failure (edema, venous dis-
tention, basilar pulmonary rales, etc.) are quite
gross, the work on experimental animals indi-
cates that the earliest stages of salt retention
in most patients may occur before any decrease
in filtration rate. It seemed evident, therefore,
that the primary cause of salt retention was an
increased tubular reabsorption of electrolytes
and water. It has been shown that in patients
with congestive heart failure and edema, the
production as well as excretion of aldosterone
are much greater than normal [77-20]. On the
basis of these observations it is concluded that
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increased tubular reabsorption as a result of
increased aldosterone production is the mecha-
nism of salt retention in congestive failure before
there is any change in GFR. The stimulus for this
increased aldosterone production is believed to
occur by way of an arterial receptor mechanism
which is triggered by a decreased effective blood
volume [27].

It should be noted, however, that these in-
creased aldosterone levels have been demon-
strated in patients or dogs with fully developed
congestive failure, rather than in those with the
early, clinically undetectable stages of the dis-
ease during which the onset of salt retention is
occurring. It has also been shown that in com-
pensated patients urinary levels of aldosterone
still remain pathologically elevated, although
somewhat diminished from former levels [22,23],
i.e., diuresis and sodium balance can be affected
by “standard therapeutic measures” (Gordon
gives no other details) in the presence of large
quantities of aldosterone. Moreover, in patients
suffering from primary aldosteronism [24]

polyuria is present, as contrasted with the water .

retention in patients with congestive heart fail-
ure. The following explanation has been offered
by Johnson and Conn [27]: The pitressin resist-
ant polyuria of primary aldosteronism is due to
effects of chronic potassium deficiency produced
by the aldosterone. “The rarity of kaliopenia in
congestive . heart failure with secondary aldo-
steronism may be due to the inability to increase
the GFR. A load of sodium sufficiently large to
bring about potassium depletion never reaches
the distal tubule for exchange with potassium.”
This explanation meets with the same difficulties
described in the first section, i.e., it cannot ac-
count for the cases in which a normal GFR is
present, since in these patients and dogs, ample
amounts of sodium would reach the distal
tubule. The most damaging evidence against
aldosterone being primarily responsible for salt
retention is the work of Davis, Howell and Hyatt
[75], who performed adrenalectomy in eight

dogs, allowed a control period during recovery,-

and then induced a progressive cardiac failure
by partial ligation of the pulmonary artery.
During the control period, the dogs were main-
tained in sodium balance by administration of
3 mg./day DCA (25 mg./day cortisone was
given throughout the experiments). After partial
pulmonary artery ligation and the development
of clinical signs of cardiac failure it was found
that GFR had decreased in only four of the
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eight dogs. Yet all eight dogs exhibited salt
retention on a dosage of only 1 mg./day DCA,
whereas, as already mentioned, 3 mg./day DCA
was required for salt balance before cardiac
failure was induced. This retention ranged from
50 to 80 per cent of the salt intake. If administra-
tion of DCA was discontinued, diuresis oc-
curred, indicating that a small amount of
hormone was necessary for retention to occur.
If the dose of DCA given was increased from 1 to
25 mg./day the retention grew progressively
greater, becoming almost complete at very high
dosage levels, indicating that the increased
aldosterone found in congestive failure certainly
increases salt retention. However, these experi-
ments demonstrate clearly that salt retention
would still occur even in the presence of reduced
amounts of hormone, and that aldosterone is not
the primary or initiating factor. Since GFR was
normal in half the animals, the conclusion must
be drawn that the primary cause of salt retention
in congestive heart failure is an increased tubular
reabsorption of electrolyte and water which is
not dependent on adrenal hormones. We believe
this factor to be the presence of an increased
renal filtration fraction.

FILTRATION FRACTION IN CONGESTIVE HEART
FAILURE

It is generally accepted that approximately 85
per cent of filtered sodium is reabsorbed actively
in the proximal tubule, followed by the passive
reabsorption of an equivalent amount of water
necessary to maintain isotonicity within the
tubule. Almost all the remaining sodium is then
actively reabsorbed in the distal tubule possibly
under the influence of aldosterone, water most
likely following passively in the presence of ADH.
On the basis of these physiologic mechanisms, a
decreased excretion of sodium chloride could be
explained only by a decreased filtered load or by
increased enzyme activity, usually presumed to
be caused by aldosterone. Within the past year
a new method called “stop flow”” analysis [25-27],
developed in our laboratory, has made possible
a practical and easily applied procedure for the
direct localization and guantification of function
of the various nephron segments. Using this
procedure, it was found that during the infusion
of a strong osmotic diuretic (mannitol), the
sodium concentration of the fluid reabsorbed
from the proximal tubule remained identical
with that of plasma, i.e., the proximal tubule was
unable to lower sodium concentration even in
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the presence of large amounts of an osmotic
diuretic. These and other experiments, and the
conclusions drawn from them are described in
detail elsewhere [25]. We have been led to believe
that both water and sodium reabsorption by the
proximal tubule is a passive process, mediated
through the colloid osmotic pressure within the
peritubular capillaries. Since the hydrostatic
pressures within the peritubular capillaries and
the proximal tubular lumens are equal, as
shown by Wirz [29] and by Gottschalk and Mylle
[30], the plasma protein within the capillaries
exerts an osmotic force favoring water reabsorp-
tion, which is not offset by any opposite force
within the tubule (essentially no protein is
filtered through the glomerulus). Sodium, con-
centrated by the reabsorption of water, then
moves passively to maintain isotonicity. In
such a system filtration fraction would become of
major importance in determining this colloid
osmotic pressure (COP). Under normal condi-
tions one-fifth of the renal plasma flow is filtered
at the glomerulus (filtration fraction = 0.2),
increasing the protein concentration of the
plasma which then flows into the efferent
arteriole. For example, the normal plasma COP
of 25 mm. Hg would be clevated to 31 mm. Hg
after filtration had occurred. This would then
be the effective pressure causing proximal re-
absorption of water and sodium. Consider now a
situation in which the glomerular filtrate was
40 per cent of the renal plasma flow, i.e., the
filtration fraction rose to 0.4, The COP would
now be changed from 25 to 42 mm. Hg after
filtration, thus promoting increased proximal
reabsorption. This view is substantiated by the
work of Vogel [37,32] who showed that infusion
of colloid into the renal portal system of the frog
greatly decreased the excretion of water and
electrolytes without affecting GFR. This also
explains the results of Elkinton and co-workers
[33], and Selkurt [34] who reported that acute
reductions in renal blood flow (accomplished by
administration of neosynephrine and aortic
narrowing, respectively), not sufficient to cause
reduction in GFR, resulted in reductions of
sodium excretion, from 0.336 to 0.200 mEq./
minute in the latter paper. Conversely, the
former workers reported that increasing RBF
without changing GFR resulted in increased
sodium excretion. Similar results have been
obtained by Shipley and Study [35], who in-
creased RBF by increasing renal arterial blood
pressure and found an increase in urine flow but
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no change in GFR. A more detailed study of the
literature has been described previously [25].

The ability of the kidney to stabilize GFR in
the presence of a wide range of RBF is one of the
major features of renal hemodynamics. Even
when GFR is changed by large increases or
decreases in RBF, the GFR changes are much
less than the changes in RBF [36], i.e., the poorly
understood phenomenon of “auto-regulation”
maintains GFR by changing filtration fraction.

The existence of this mechanism in congestive
heart failure is readily apparent. Even in those
patients with reduced GFR [3-9] the RBF, when
measured, was always found to be reduced to a
much greater extent, resulting in an increased
filtration fraction. The important question,
however, was whether or not such a mechanism
could explain the cases reported earlier in which
compensation or decompensation occurred with-
out any change in filtration rate.

Cardiac Failure in Man in Whom GFR is within
Normal Limits. Heller and Jacobson [70] studied
patients in the edematous state and found filtra-
tion rates as high as 105 ml./minute, but the
lowest filtration fraction was 0.323, the average
being 0.405 + 0.083, as compared to a normal
average of 0.174 + 0.023. Davis and Shock [77]
found normal filtration rates in four patients in
congestive failure. All had very reduced RBF,
with filtration fractions from 0.60 to 0.38.
Sinclair-Smith et al. [72] followed a cardiac
patient as decompensation occurred. There was
no change in GFR but RBF was greatly reduced,
raising filtration fraction to 0.49 from the
value of 0.23 during the previous period of
compensation.

The Occurrence of Compensation Not Accompanied
by an Increase in GFR. Seymour and his col-
leagues [4] actually found slight decreases in
GFR during compensation in two patients. In
both cases, RBF showed approximately 50 per
cent increases, resulting in a lowering of filtra-
tion fraction to 0.38 and 0.30 from previous
values of 0.74 and 0.48. It is of interest to note
that the patient with the filtration fraction of
0.74 had a normal GFR while in severe conges-
tive failure. Heller and Jacobson [70] effected
compensation in patients by digitalis, bedrest
and salt restriction. Filtration rate increased in
only two of four patients, but RBF increased
in all, resulting in a reduction of the average
filtration rate from 0.48 to 0.32. Sinclair-Smith
et al. [72] effected recovery in a patient by the
use of digitalis. GFR did not change but RBF
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greatly increased, lessening filtration fraction
from 0.54 to 0.23 at the end of compensation.
Brod and Fejfar [73] studied nineteen patients,
in various states of heart failure, at night during
spontaneous diuresis. They reported variable
changes in GFR, often showing only very slight
rises, which in their opinion could not explain
the magnitude of the diuresis. However, in
every case, diuresis was accompanied by a large
increase in RBF and a fall in filtration fraction.

Renal Retention of Salt in Experimental Heart
Failure with No Change in GFR. Barger, Rudolph
and Yates {74] observed that in dogs with sur-
gically created valvular lesions of the heart, the
salt retention which occurred during the early
stages of failure was not accompanied by any
decrease in GFR. However, all dogs showed
markedly decreased RBF with filtration frac-
tions up to 0.4. As discussed earlier, only one-
half of the adrenalectomized dogs of Davis,
Howell and Hyatt [75] showed a decrease in
GFR during the onset of failure resulting from
partial pulmonary artery ligation. RBF de-
creased and filtration fraction rose in seven of
eight dogs (no specific excretory data are given
for dog number 8). It is also significant that only
one dog responded to the administration of
digoxin. Only in this dog did administration of
the drug cause improvement in “renal circula-
tion” (no figures given), resulting in a natriuresis
which occurred in spite of the administration of
3 mg./day DCA, whereas 1 mg./day DCA had
caused retention before the circulatory improve-
ment. These authors also report findings [76] on
non-adrenalectomized dogs with similarly in-
duced heart failure. Only five of seven showed
any reduction in GFR, but RBF fell in every
case, the average reduction being 31 per cent,
resulting in an equivalent rise in fltration
fraction.

It is evident from this discussion that the salt
retention of congestive heart failure is almost
invariably associated with changes in renal
filtration fraction. This intimate relationship has
been noted and speculated upon by several
investigators, including Barger [37] who stated
that “a rise in filtration fraction implies an
abnormally high colloid osmotic pressure in the
first portion of the peritubular capillaries.
Whether such a force may tend to accelerate the
tubular transport of the filtrate is not known.”
However, if the reabsorption of sodium and
water in the proximal tubule is passive and
dependent upon the COP in the peritubular
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capillaries, then the role of filtration fraction as
the primary and essential factor in the renal salt
retention of cardiac failure becomes clear.

SEQUENCE OF PHYSIOLOGICAL MECHANISMS
LEADING TO FLUID RETENTION AND
CONGESTIVE FAILURE

Whenever the cardiac output becomes inade-
quate to meet the total metabolic requirements
of the patient with cardiac disease, RBF is
decreased (the mechanisms responsible for this
are not understood at the present time). This
decrease in RBF, with no or very slight change
in GFR, results in an increased filtration fraction,
which causes an abnormally large rise in the
COP within the peritubular capillaries. This
increased COP promotes tubular reabsorption,
resulting in the retention of salt and water.
This series of events must occur quite frequently
and in exaggerated form in patients with a
weakened myocardium and reduced cardiac
reserve, resulting in a progressive retention of
salt and water which the individual is not capa-
ble of completely excreting during periods of
relative inactivity. There is a gradual expansion
of the extracellular volume and a rise in venous
pressure. The heart becomes unable to pump the
increased venous return, RBF is chronically
reduced, resulting in a constantly increased
filtration fraction and marked fluid retention.
Venous pressure rises higher, resulting in transu-
dation of fluid. It is probably this event [20,27],
or the decreased effective blood volume [27],
that stimulates the production of increased
amounts of aldosterone. This combination of
increased filtration fraction and increased
production of aldosterone, as well as the later
development of decreased GFR, combine to
produce almost complete salt and water reten-
tion with the development of the full-blown
clinical picture of severe congestive heart failure.
The possibility that the mechanisms described
in this paper may play an important role in the
nephrotic syndrome and cirrhosis also deserves
serious consideration.
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