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THE INTERPRETATION OF HYPONATREMIA*

Robert W. Berliner, M. D, **

The finding of a low concentration of sodium in the plasmais one
which has been gravely misinterpreted since it became apparent that
a low plasma sodium is a rather common occurrence in a wide variety
of circumstances. Before the flame photometer came into general use,the
determination of the plasma sodium concentration was a difticult and
time - consuming procedure and available only to those with a strong
investigative interest in electrolyte metabolism. So much effort was
involved in doing the analysis that the clinician or, in this case, more
accurately, the clinical investigator, determined the plasma sodium
only when there was good reason to suspect that there was sodium
depletion. It was therefore known that the plasma sodium was
low in Addisonian crisis and in the presence of severe depletion of the
extracellular fluid volume as in diarrhea, etc. The correlation between
a low plasma sodium concentration and sodium depletion was there-
fore obvious and it was generally considered, without too much
thought to the question, that hyponatremia and scdium depletion
were synoynmous. Then the flame photometer came into general
use and the determination of the plasma sodium concentration became
a procedure available to almost everybody and involving only a few
minutes’ work. Plasma sodium concentrations werec done under a .
wide variety of circumstances and it turned out that the sodium
was low in many conditions other than dehydration shock and Addi-
son’s disease. Among these circumstances was severe cardiac failure—a
condition in which it was well known that there was marked impair-
ment of sodium excretion; yet the concentration of sodium was found
to be low in patients with massive edema. Confusion then reigned
—this was referred to as “the low salt syndrome’’ and the finding of a
low plasma sodium was considered an indication for the administra-
tion of hypertonic saline solution. It took some time for it to become
generally appreciated that hypertonic saline rarely did any good, and
the procedure is now much less popular. However, there remains
a considerable confusion as to the meaning of a low plasma sodium
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concentration. What I’d like to consider today is the interpretation of
the plasma sodium concentration, the physiologic mechanism by
which this concentration is regulated and how this mechanism may
be disturbed by discase and physiologic stress.

The [irst difficulty that we must emphasize is that the concentra-
tion of sodium in the plasma must be interpreted in a manner differ-
cnt from the concentration of almost anything else. This is due to
the circumstance that in almost every instance the forces which go
into determining the concentration of a substance in the extracellular
fluid opcrate directly upon the substance itself. For instance, the
plasma glucose is regulated by the addition or subraction of glucose
from the blood. The plasma potassium is determined by the distribution
. of potassium between cell contents and extracellular fluid and by the
intake and output of potassium. But the concentration of sodium in the
extracellular [luid is determined largely by the intake and cxcretion,
not of sodium, but of watcr. The reason for this unique situation lies
in the predominant position of sodium among the solutes of the extra-
cellular fluid. Sodium, along with the anions that balance it, consti-
tutes some goY%, of the total osmotically active solute of the extracellu-
lar fluid, so that with minor reservations, we may say that changes in
the plasma sodium concentration reflect changes in the osmotic pressure
of the extracellular fluids. And since we have reason to believe that the
osmotic pressurce of extracellular fluid is identical with that of intra-
cellular fluid, we may generalize further to say that the concentration
of sodium in the plasma generally closzly reflects the effective osmotic
pressure of all of the body fluids.

(There is onc exception to this statement which I would like to
mention, because it is occasionally of some importance, and then with
this exception dismissed return to our premise that the plasma sodium
reflects the effective osmotic pressure of the body fluids. The exception
is the situation where some relatively inert solute which does not readily
penetrate cells has gained access to the extracellular fluid. Clinically
we may meet this situation when the plasma glucose concentration is
markedly eclevated, expcrimentally when mannitol or hypertonic
glucose solutions are infused. Under these conditions the relatively
inert solute may constitute an appreciable fraction of the total effective
osmotic material in the extracellular fluid and the sodium concentra-
tion may no longer reflect the total cflective solute. This, however,
is a relatively unusual situation and onc ordinarily ecasily recognized.
It is unusual because there are relatively few of the solutes of extra-
cellular fluid the concentration of which can rise to considerable levels
without causing marked, if not lethal, disturbances.The one othersolute
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which these three phases occur scems pretty well established; the
‘identification of the anatomicalsites, while not so dcfinite, is probably
.adequately divided among: 1) the proximal tubule,2) the remainder of
-of the nephron, but the distal convoluted tubule in particular, and 3)
the collecting tubule and duct. All the evidence indicates that the prox-
imal tubule is freely permeable to water and, consequently, as solute
is reabsorbed in this segment water diffuses out so that the osmotic
pressure of the fluid remains essentially identical with that of the sur-
rounding extracellular fluid. The process which goes on in this
segment therefore does not contribute to either the concentration or
-dilution of the urine and the water reabsorbed in the process is lost
from the osmoregulatory process. Estimates as to the fraction of the
glomerular filtrate reabsorbed in the proximal segment vary, although
it is generally agreed that it is a large part of the total. For ordi-
nary conditions an estimate between 70 and 859, of the filtered volume
is probably reasonable. However, the fraction reabsorbed in the prox-
imal convoluted tubule probably varies with the rate of glomerular
filtration, increasing as filtration rate falls and vice versa. The distal
tubule operates upon a smaller fraction of the glomerular filtrate,
-possibly 209%,. The evidence indicates that the permeability to water
-of the distal tubuie is quite different from that of the proximal segment.
In the absence of pituitary antidiuretic hormone, the distal segment
is relatively impermeable to water, so that it is able to maintain consid-
-erable differences of osmotic pressure between the urine in its lumen
.and the surrounding interstitial fluid and blood. Therefore, as solute
is reabsorbed in this segment, water does not follow along propor-
tionately, but remains bchind and the urine becomes diluted. The
bulk of the solute of plasma is sodium and the anions, chloride and
‘bicarbonate. Although this situation is changed somewhat as urine
flows down the tubule by concentration of those solutes which can not
be reabsorbed, under ordinary conditions most of the solute reaching
the distal tubule is still made up of sodium salts and certainly most
-of that which can be reabsorbed is sodium and balancing anions.
It is, then, specifically by the reabsorption of sodium, chloride and
‘bicarbonate in the distal tubule that the urine is diluted.
If the remainder of the tubule were totally impermeable to water,
‘the water excreted in excess of solute would be the exact osmotic equiva-
lent of the sodium reabsorbed. However, there is reason to believe
that the remainder of the tubule is not completely impermeable to
water even in the absence of antidiuretic hormone. If two solutions of
.differing osmotic pressure are separated by a membrane, water will
.move from the more dilute to the more concentrated at a rate propor-
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size that the most important action of ADH, from the standpoint
of overall water economy, is to prevent the excretion of a dilute urine
and only secondarily to promote the excretion of a concentrated urine.
In the abscnce of antidiurctic hormone some twelve to twenty liters
of urine may he excreted in a day, a volume some 10 to 18 liters greater
than would be excreted if the same solute were excreted in an isotonic
urine. On the other hand, rarely more than a liter or two of additional
water is saved by putting out a concentrated rather than an isotonic
urine. Therefore, it is clear that the important effect of ADH is the
prevention of dilute rather than the formation of hypertonic urine.
I do not mean to imply that the ability to save that extra liter or so of
water by forming a hypertonic urine may not, at times, be quite im-
portant, but inability to concentrate the urine is still a long way from
diabetes insipidus. .

For the sake of completencss, let us now consider the final steps
having to do with the concentration of the urine before we go on to
consider the very important matter of the control of ADH secretion.
We have seen that when ADH is present in optimally effective amounts -
isotonic urine leaves the distal tubule. Somewhere beyond this point,
presumably in the collecting tubules and ducts, there is a mechanism
capable of removing additional water to make the urine hypertonic.
The nature of this mechanism is not yet clear. It has been shown that
it is not entirely dependent on ADH since hypertonic urine can be
produced when there is no circulating ADH. However, ADH can be
viewed as unmasking the activity of this concentrating mechanism by:1)
assuring delivery to it of an isotonic rather than a hypotonic fluid, and
2) increasing the permeability of the tubules in the region of the con-
centrating process so that water is able to reach the mechanismwhich
removes it. .

To summarize bricfly the renal factors concerned in the excrction
of excesses of water in the body: the most important are 1) the removal
of sodium ssalts in the distal tubule, and 2) the permeability of the distal
portions of the ncphron to water, this permecability being controlled
by the antidiuretic hormone of the posterior pituitary. When we find
then that an individual has a low plasma sodium concentration or in
other words a low cffective osmotic pressure of the body fluids, we
may be quite certain that there is something abnormal about one of
those factors (providing, of course, he has not been flooded with an
excess of water too great for anyonc to get rid of promptly).

The next important question concerns the way that the secretion
of ADH is controlled. Obviously if the rate of excretion of water is to
to be regulated by the sccretion of ADH and if the excretion of water
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not to cxplain the abnormality but to point out that even in the
classical example of a low plasma sodium associated with sodium
depletion, the low sodium concentration is really due to a separate
defect.

The next situation which we might consider is the onc in which a
low plasma sodium concentration is most obviously not due to sodium
depletion-that is, the hyponatremia so frequently seen in the severely
decompensated, edematous cardiac. Such patients obviously have
a great cxcess of sodium in the body and are known to be virtually
totally unable to excrete sodium. Some confusion arises because usually
large amounts of diuretics specifically intended to increase the excretion
of sodium are given to such patients. Of course, the point has frequent-
ly been overlooked that diuretics in these patients aré frequently
strikingly ineffective so that they can hardly be responsible for sodium
depletion. So the low plasma sodium here again is clearly due to
inadequate excretion of water. -Again the exact mechanism involved
is not clear and in this case it seems probable that the mechanism may
be different in different patients. In some it may be due to continued
secretion of antidiuretic hormone, despite dilution of the body fluids;
such secretion of ADH is probably frequent in gravely ill patients
with a number of discases. In some instances it appcars to be due to a
setting of the osmoregulators at the wrong osmotic pressure — cor-
responding to a thermostat setting at the wrong temperature. Such an
event could be due to loss of solute from the osmotic pressure receptors;
—if the stimuli they set off are related to their degree of swelling,
loss of some of their solute content would mean that they achieve
normal size only when their osmotic pressures had been reduced below
normal by the inward movement of water. Under these conditions
one would expect to find a low plasma sodium concentration, but a
normal output of water when additional water is given; the water
diuresis should cease when previous low plasma sodium concentra-
tion is reached. This has been found to be the case in some hypo-
natremic cardiacs. Finally we have the possibility, which, it is my feeling,
is an important one, that the combination of a low rate of glomerular
filtration with an extraordinary avidity of the tubules for sodium may
produce a situation where all or virtually all the sodium is reabsorbed
before the tubule fluid reaches the diluting segment and therefore no
dilution can be effected.

The circumstances in decompensated hepatic cirrhosis are very
similar to those in cardiac failure and hardly need separate considera-
tion except to mention that it has been proposed that in cirrhosis
the defect may be not in excessive production but in inadequate
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destruction of ADH. Actually the evidence so far produced docs
not support thc view that impaired breakdown of ADH is often, if
ever, responsible for impairment of water excretion.

The low plasma sodium concentration of many postoperative
Ppatients, especially patients subjected to mitral valvulotomy, has
attracted a great deal of interest in the last fcw years and a number of
of papers have been published to describe studies designed to find
out where the disappearing sodium has gone. It is hardly surprising
that nobody has been able to determine where it went, because it
hasn’t gonc anywhere at all. The problem here is too much 59, glucose
in patients who, as a'reaction to surgery and anecsthesia, secrete large
amounts of antidiuretic hormone for several days. The reason for
its particular prominence in patients undergoing cardiac surgery
is clear, since we have all been thoroughly indoctrinated with the
fact that cardiacs can not excrete salt and that to give them saline may
be dangerous. But we’ve also been indoctrinated with the idea
that large amounts of fluid are needed by surgical — or in fact almost
any sick patient. So we give them the next best thing — water as
5% glucose. Oliguria, even beyond the effect of ADH, is to bc expect-
ed.in the postoperative patient because in addition to putting out a
concentrated urine he puts out virtually no salt as another part of the
reaction to trauma. In such patients fluid thould be given only to
replace losses. And at least if we insist on administering 59, glucose
let us not be surprised to find a low plasma sodium concentration.

It is appropiate to point out that the entrance of sodium into cells
will not yield a low plasma sodium concentration although this ex-
planation of hyponatremia is often suggested. The reason why it can not
produce a significant lowering of plasma sodium is this: sodium can go
into cells in one of two ways, by entering with an equivalent amount
of some anion from the extracellular fluid or by exchanging for some
cation from the inside of the cell. But if sodium and an equivalent
amount of anion were to enter cells, this would lower the osmotic
pressure of the extracellular fluid and increase the osmotic pressure
of the intraceilular fluid. Water would then move into cells until equi-
librium wags re-established and both compartments would have the
same osmotic pressure as before the shift of sodium. The same extra-
cellular osmotic pressure means, essentially, the same plasma sodium
concentration. On the other hand an exchange of sodium in for some
other cation out can mean only sodium in and potassium out. This
could lower the plasma sodium concentration but only by an amount
equal to the increase in the potassium concentration. Since the potas-
sium concentration of plasma can increase only three or four milli-







