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ges including bradycardia, arrhythmia, and a small cardiac silhouette
on roentgen ray examination of the chest.

5. Evidence of impaired renal function in that, although the
N.P.N. was consistently normal, there was polyuria with a persist-
ently low specific gravity and there was almost complete failure to
respond either to concentration tests or to vasopressin stimulation of
the kidneys. In addition, there was impaired urea clearance.

6. Evidence of reversiblity of the disease process. Following
treatment with ample potassium over a period of a few weeks and
after restoration of the serum potassium to normal levels the urine
specific gravity rose tq normal levels and the response to concen-
tration and vasopressin tests was within normal limits.

7. Finally, biopsy of the kidney in both patients revealed
marked changes in the tubular epithelium, consistent with those
described by Relman and Schwartz, in renal tissue which was other-
wise essentially normal. These changes included : “cloudy swelling,”
granular degeneration, vacuolization, and atrophy of the tubular epi-
thelium.

On considering these facts, we have no doubt that these two
patients showed the signs and symptoms of potassium depletion
nephropathy.

In addition to the clinical and laboratory findings which conform
to the entity described by Relman and Schwartz, both of our patients
presented an interesting and significantly different feature. Both of
them showed marked growth retardation as indicated by their height
and weight. These two measurements were below the third percentile
in both cases, in case 2 strikingly so. In our experience this is
prima facie evidence of chronic severe malnutrition. Evidence in their
histories was consistent with this and we found no other reason for
growth retardation.

The presence of chronic malnutrition of severe degree in these
patients provokes consideration of several interesting points. Gomez,
et al 2 have pointed out that «as malnutrition increases in severity,
oliguria typical of classical acute diarrhea becomes less striking and
may be supplanted by polyuria.» They go on, however, to point out
that in the presence of this “functional diabetes insipidus’ the renal
tubules could respond to antidiuretic hormone since antidiuresis
promptly followed injection of vasopressin at the height of water
diuresis.
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Our two patients, then, who might reasonably have been expec-
ted to exhibit hyposthenuria and polyuria as a result of their mal-
nutrition alone, showed more than this. The failure of their kidneys
to concentrate when stimulated by vasopressin furnished clear evi-
dence that their tubules, unlike those of malnourished infants, could
not respond. This impairment of function, however, was reversible,
as indicated earlier, in that they regained the ability to concentrate
adequately after therapy with potassium had produced normal serum
levels. It is interesting to note that, while there was general symp-
tomatic improvement accompanied by cessation of diarrhea and
vomiting and their diet in the hospital was undoubtedly better than
that obtained in their homes, there had been no notable overt im-
provement in their nutritional status. We are inclined to attribute
the improvement in renal function, therefore, to the improvement
in their potassium status.

The state of potassium per se in malnourished children is also
of interest. It is stated that severe dehydration in malnourished chil-
dren is “frequently accompanied by clinical symptoms of deficiency
of potassium” * and we have observed this in a number of our own
malnourished infants. ® This clearly suggests that malnourished in- -
fants are in a vulnerable position with regard to their potassium
supply. Clinical evidence of potassium depletion may be lacking when
they are in a state of relative equilibrium, only to become manifest
when this equilibrium is upset by the added potassium losses with
diarrhea. Frenk, et al., ® in their studies of the composition of tissues
of malnourished children, showed that the concentration of potassium
in the intracellular fluid of muscle varies widely from 40-50 mEg.
per kilogram up to more than 180 mEq. per kilogram. They felt that
this extreme variation must reflect shifts of water into and out of the
intracellular phase. They referred, however, to earlier studies which
had shown such low intracellular values of potassium, at times, that
absolute depletion, rather than simple dilution, seemed to be present.

It would seem reasonable to expect that our two patients, by
virtue of their malnutrition alone, might have become potassium
depleted. A precise dietary history was impossible to obtain. On the
basis of information available, however, we estimate that their
ordinary diet at home provided roughly 2 mEq. of potassium per
kilogram per day. Which of the two factors, malnutrition or diarrhea,
was more important is impossible to determine, but it seems likely
that both contributed, the one aggravating the other. But if mal-
nourished children generally are potassium depleted, one wonders
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why the syndrome of potassium depletion nephropathy is not more
frequently seen. Is the hyposthenuria and polyuria observed in mal-
nourished children simply an early phase of impaired tubular func-
tion wherein the tubular cells are still able to respond to vasopressin
stimulation ?

A further similarity of renal function in our patients and the
malnourished infants described in Mexico is that the glomerular
filtration rate, as manifested by the clearance of nitrogenous sub-
stances, is reduced. In discussing renal adjustments in malnourished
infants, G. Gordillo, et al. ' speculate that the reduced glomerular
filtration rate is a defensive response to the excessive tubular excre-
tion of water. In the final paper ! of their series this concept is elab-
orated upon and it is proposed that the impairment in tubular
function is due to changes in intracellular metabolic processes in
chronic malnutrition. Brief reference is also made to the fact that
degenerative lesions of renal tubular epithelium and membranes
have been reported in the kidneys of malnourished individuals. **
Details were not given, nor was the original source available to us,
but the findings reported are suggestive of those seen in our patients
and those attributed by Relman and Schwartz to potassium deple-
tion nephropathy. )

We are inclined, therefore, to speculate that the impairment
of tubular function, as well as the structural changes in tubular epi-
thelium observed in biopsy sections, in potassium depletion nephro-
pathy differ from those described in malnourished infants only in
degree : that they represent a more severe form of the same process,
fortunately still reversible. Age differences may well be a pertinent
factor. The careful studies in Mexico were carried out on children
ranging in age from 12 to 44 months. Our patients were appreciably
older, those of Relman and Schwartz still more so. Whether the dif-
ference is due to the duration of potassium depletion or changes in
the tubular epithelium with age remains in the realm of further
speculation.

Some of the limitations of clinical studies in human beings, clearly
evident in the lack of complete information on our patients, can be
overcome in animal studies. As noted earlier, two recently reported
studies dealt specifically with the effects of potassium depletion on
the kidney and have shed considerable light on the problem. Both
the findings of Holiday, et al, > who studied rats, and of Kerpel-
Fronius, et al,® who studied rabbits, demonstrate clearly, in well-
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controlled laboratory studies, the clinical and laboratory findings
described by Relman and Schwartz and seen in our patients. Neither
of these studies need be summarized in detail here, but several points
are worthy of note with reference to our patients. These investigators
showed that both in rats and in rabbits the impairment of renal
function, primarily a defect in urinary concentrating ability, and the
histologic changes are related to potassium deficiency per se and
both authors emphasize that these findings are a function of the
duration of the deficiency, developing only after a period of several
weeks of depletion.

Another aspect of the findings of Holliday’s group with partic-
ular pertinence to our patients was brought out in their study of rats
maintained on a potassium-deficient diet for 114 days. It was found
that with reinstatement of a normal diet there was prompt improve-
ment in urinary concentrating capacity within 15 days, but that
histologic changes in the kidneys were still evident after 28 days on
the repair diet. In both of our patients, improved ability to concentrate
urine was already evident at the time of kidney biopsy when patho-
logic changes were still present.

Finally, it should be noted that in neither of the studies was the
precise mechanism of the defect in concentrating capacity clearly
revealed.

Summary and Conclusions

Two children with disorder of renal function associated with
evidence of potassium depletion have been discussed.

The clinical features and laboratory and renal biopsy findings in
this disorder conform to those described by Relman and Schwartz
in defining the nephropathy of potassium depletion as a clinical
entity, and we believe that these children also showed this disorder.
They are, as far as we can determine, the first children reported with
this disorder.

Some aspects of renal function in these children were similar
to changes in renal function seen in chronic malnutrition in infancy :
hyposthenuria and polyuria. But one of the definitive features - the
failure of the renal tubules to respond to vasopressin stimulation, a
change reversible with potassium therapy -is not present in mal-
nourished infants. Their tubules have the capacity to respond to such
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stimulation. Whether the tubular disorder in this syndrome simply
represents a further degree of severity is yet to be determined.

Our experience with these two children leads us to suggest, as

did Relman and Schwartz with regard to adults, that this entity is
probably not rare in childhood and that the recognition of its oc-
currence will enable the clinician to provide better therapy in a
variety of clinical situations.
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