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Programs of prevention or therapy of edema in
nephrotic children in use at present still fail to re-
solve a number of problems. Thus the efficacy of
repeated plasma or serum albumin infusions car-
ries with it dangers of reactions as well as certain
economic burdens (1-3). Plasma substitutes such
as gelatin, polymerized glucose ("Dextran"), or
polyvinyl pyrrolidone ("Periston"), have not re-
ceived sufficiently prolonged clinical trials to ex-
clude the possibility of sequellae such as those
which follow acacia therapy (4-7). Similarly,
certain practical obstacles attend the application
of instruments available for vivodialysis, even when
they function efficiently in reducing extracellular
volume. Alternative approaches to the therapy of
edema such as the infusion of sodium and potas-
sium salts, the use of osmotic diuretics, the injec-
tion of nitrogen mustard, the administration of
cortisone or of ACTHor the exposure to febrile
infections, particularly rubeola, have been only
sporadically successful (8-16). Finally, even
though complete elimination of sodium from the
intake may control edema, such rigid dietary re-
striction is not acceptable to many patients. It
has therefore seemed desirable to us to try one
member of a group of agents, the cation exchangers,
recently made available for clinical testing. These
polymers, ingested by mouth in an appropriate
cycle, increase the stool excretion of sodium and of
potassium (17-19). The studies which were con-
ducted have provided answers to the following
questions: a) is the medication sufficiently ac-
ceptable to permit prolonged therapy, b) how ef-
fective is it in abstracting cations from the diet and
from body fluids, c) does it enhance the loss of
edema which can be achieved by sodium restriction
alone, and d) does its administration entail undue
hazards to the patient?

MATERIALS AND METHODS

A carboxylic cation exchange resin in the hydrogen
cycle was administered during a total of 15 periods three
to six days long to four edematous nephrotic children.
With few exceptions sodium intake was markedly re-
stricted, i.e., to 1 to 3 meq./day prior to, during and af-
ter resin administration. The diet consisted of a low-
sodium milk ("Lonalac") with added milk protein ("Pro-
tinal") and carbohydrate (beta-lactose) and contained
adequate amounts of calories and nitrogen as well as
considerable amounts of chloride and potassium.1 The pa-
tients received in addition, 0.6 to 0.9 g. of ferrous sulphate
and maintenance vitamins each day. Water was allowed
as desired. Changes during and following resin therapy
have been compared with those observed in the same
subjects during control periods on sodium restriction
alone. Balance procedure, analytical techniques and meth-
ods of calculation have been described earlier (20-23).
Findings are expressed when possible in statistical terms.
Protocols are presented in the appendix.

RESULTS

Attempts to maintain the daily intake of the
resin at 30 to 40 g., amounts readily taken by es-
sentially healthy children in control studies (20),
were only partially successful. As a result the
mean daily intake proved to be only 17.7 + S.D.
12.4 g. Despite this relatively low dosage certain
clearly evident changes appeared in these subjects
as a group. These are reviewed and then the stool
findings are compared with those following re-
placement of the low-sodium regimen by a full diet.

A. Resin effects during the essentially sodium-free
regimen

From the original data in Table I and the statis-
tical summary in Figure 1 it is evident that with

1 Composition of formula: "Lonalac" 125 g.; "Protinal"
30 g.; P-lactose 25 g.; sucrose 15 g.; diluted to 1000 ml.
with water. Final concentration of sodium 1.1 meq./l.;
potassium 44.9 meq./l.; chloride 18.5 meq./l.; nitrogen
8.2 g./l.
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resin ingestion the serum carbon dioxide content
decreased on the average 4.10 meq./l. (9.10 vol.

%o) below control values and returned to previous
levels following cessation of therapy. This was

not accompanied by a rise in mean serum chloride
of the type observed with the acidifying cation ex-

changers in previous animal and human studies
(20-21), even though in the post resin period a

statistically significant drop in the opposite direc-
tion did occur. The only other measured serum

constituent to show change was potassium. The
average levels diminished by almost 1 meq. during
therapy and subsequently returned to pretreatment
values.

Stool potassium excretion (Figure 2 and Table
II) rose during resin ingestion above rates char-
acteristic of the control and post resin periods in

these patients, irrespective of whether it is ex-

pressed in terms of milliequivalents per day, milli-
equivalents per 100 g. of stool or milliequivalents
per gram of nitrogen. At the same time urinary
excretion of this cation fell off significantly (Fig-
ure 2, based on urine data in Table II). The fact
that the external balance of potassium did not vary

discernibly during those alterations supports the
view that these stool and urine potassium changes
tended to cancel one another. The lower urinary
excretion of potassium persisted into the post
resin periods (Figure 2).

Insofar as sodium is concerned, keeping in mind
that these patients were on an intake markedly re-

stricted as to sodium content, there is no con-

sistent evidence that stool sodium rose signifi-
cantly; only the excretion per 100 g. of stool nitro-

TABLE I

Body weight and analyses of blood and serum in nephrotic children receiving the Hcycle resin

Subject Tim. Therapy Body Wgt. Blood Serum

(Age-Sex) (days) | (g./d (kg.) Sugar NFPN HCO,Cj I a
|

Ca F H,O Protel
(g./d.) ~~(m.3%) (383%) (q.l)me/.)mq/.)(ueq./l.) (spa%) (383%) (g./l.) (g.%)

A:a
37 0 0 22.6 92 23.1 105.1 139 5.3 8.1 5.4 929
6 N 0-3 0 23.0 - 30 22.9 105.3 138 4.6 - - 933

3-6 0 19.8 - 25 23.6 105.1 139 4.5 8.0 5.0 937 0.8:3.
6-9 0 18.9 - 29 23.1 105.1 130 4.6 8.4 5.7 934 o.8:38

9-12 0. 18.4 - 32 22.5 104.1 134 5.2 - - - 0-7:40
12-15 33 17.0 - 36 14.9 106.0 133 4.8 - 925
15-18 18 16.8 - 37 17.1 1o2.6 133 3.3 *3 6.2 928 0.7:16.
18-21 0 17.0 - 32 23.7 99.0 137 3.8 - - 931 0.7:4
21-24 0 17.2 - 33 24.0 97.8 133 5.4 8.2 - - 0.3:3

50 0 - - 39 21.4 103.0 133 5.1 9.2 - 926 o.6:4
50-56 17 ' - 36 16.9 114.2 133 3.6 - - 936

56_58 14 - _ 29 14.7 1L4.3 135 3.9. - - 937

0 0 16.6 - 40 16.7 102.3 131 5.8 - - - 0.2:3
347 o-6 0 16.4 98 35 18.34 105.7 13 549 7.9 6.0 940

6-12 10 15.8 - 36 20.3 109.4 136 34.9 7.7 5.6 951
12-19 1 15.8 94 334 18.7 1o8.34 137 3.7 7.6 5.5 950
19-22 2 16.0 90 45 18.3 105.9 145 5.1 6.5 6.8 938 0.34:2.
22-25 0 15.8 113 46 20.4 _o6.5 140 5.4 6.6 5.2 92 .1:

0 0 16.8 73 86 13.2 113.8 136 4.1 7.2 4.3 908 0.6:2
6 0-7 9 16.3 - 64 3.3 110.1 135 3.1 7.1 3.0 - O.a:3.

8 0 14.2 78 68 7.6 110.2 142 2.5 6.7 3.2 908 o.8:3.
7-14 0 - 84 68I o 102. 5 123 263.6 5.j .6 903

VX 0 0 30.2 85 31 19.8 106.9 142 34.34 - 5.3 931
12 N 0-7 0 29.8 - 32 19.7 110.8 138 4.7 7.6 6.1 929 0.3:3.

7-10 134 29.34 - 20.1 111.0 133 5.1 _- -10-13 134 29.2 - 31 20.9 10.8 134 34.2 -7.0 4.4 916 0.1:3 .
13-17 0 29.2 - 31 25.0 101.6 137 4.1 _ _ 913
17-19 0 29.0 . 30 26.3 106.5 147 34.3 7.1 34.34 923 o.6:3 .
19-22 0 28.4 _ 45 26.8 104.4 138 4.3 - _ 916 0.2:3.
22-25 0 29.4 . 29 234.4 100.6 134 4.6 7.7 5.1 920 0.5:3.25-28 0 29.3 - 28 22.7 104.3 137 4.0 7.6 4.5 - 0.3:3.28-31 21 29.8 - 36 17.9 110.8 139 4.2 - 927
31-33 0 30.2 - 38 18.9 101.0 138 3.8 7.2 5.2 935 0.2:3.
33-36 0 30.2 - 35 20.8 110.4 137 3.7 - - - _
36-39 0 29.2 - 31 22.5 109.9 139 34.3 8.1 4.3 929 0.4:3.65 0 30.2 86 39 19.9 107.4 136 3.9 - 4.5 929 0.4:3.65-70 33 29.2 - 35 14.0 115.5 133 3.1 - - 923
70-76 90 30.2 - 334 - 113.6 148 3.5 7.9 4.34 - .6:4.

110 0 31311 91 40 20.6 109.7 1434 5.1 7.4 34.3 930 34:3.
117 17 30.8 - 348 16.2 06.7 1 3.5 6.34 6.9 - .7:2.-12 0 28.34s - 3417 119.8 1034.1, 1345 3.2 7.2' 5.4 926 .5:3.
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gen increased without change in the other two
categories. Even this isolated change, however,
is of too small magnitude to represent any sub-
stantial influence of the exchanger on stool sodium.
Neither did the urinary excretion of this electro-
lyte fall off significantly, though the mean values
proved to be somewhat lower. These essentially
negative findings are further supported by the ob-
servations that the fluctuations in the external and
internal balances of sodium did not show, as will
be seen later, any real trend which could be at-
tributed to resin.

The small change in the daily stool chloride ex-
cretion in the per day and per gram of nitrogen
categories, and the lowered urinary output of this
ion during resin therapy remain unexplained (Fig-
ure 2). These stool chloride changes may merely
reflect the limited number of control observations
available prior to therapy, but comparison of them

/ HCO3

with a much larger group of samples obtained in
control studies in subjects on an identical regimen
(20) reveals the same difference. Whatever the
reason may be, the stool changes are of too small
magnitude to have any influence on the daily trans-
fers of this anion or of nitrogen. On the other
hand, insofar as the lowered urinary chloride values
are concerned, it is conceivable that they appeared
secondary to decreased potassium excretion.
Against this is the finding that in the post resin
periods still characterized by the lowered potas-
sium excretion such a relationship cannot be postu-
lated. It is more likely that renal retention of
chloride is related to acidosis (21).

Perusal of the summarized mean balance values
during the pre and post resin periods (Figure 3)
clearly indicates that a low-sodium regimen of the
type herein described may by itself induce negative
external balances of sodium and of chloride with a

A Cl A Na

meq/l

+5 F

CONTROL 0

-5

+5

r] RESIN 0

-5

+5

POSTH RESIN 0

-5

I.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
[I!c *

0

FIG. 1. MEANCHANGESIN SERUMCONCENTRATIONBEFORE, DURINGANDArmiR RESIN THERAPY

Fluctuations in serum constituents (A HCOS, Cl, Na, and K) during and following H form resin
ingestion have been compared statistically and graphically with those recorded prior to therapy. As-
terisks identify mean values found to have a "p" for the "t" test of less than 0.05, and indicate therefore
a statistically significant difference. Resin administration reduced the serum bicarbonate content with
subsequent restitution during the post H resin periods. The chloride did not change significantly until
the resin had been withdrawn at which time a significant decline was observed. The only other change
of note was the decrease of 0.93 meq./l. in the mean serum potassium concentrations (S.E. ± 0.31).
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decrease in extracellular volume, diuresis, and a
loss of body weight. Furthermore, the rates of
extracellular sodium and water loss, and of fall in
body weight characteristic of the control periods
on low-sodium therapy only, were not visibly ac-
celerated by these amounts of resin. Strength is
added to these interpretations by noting that the
patients were in positive nitrogen balance during
the control and resin periods and hence the losses
in body weight cannot be attributed to inadequate
intake. In the post resin period the nephrotic
children took insufficient amounts of milk and de-
veloped negative external and cell balances of ni-
trogen (Table III and Figure 3).

B. Effects associated zeith resin intake during an
unrestricted diet

During days 50 to 58 in BF and 65 to 76 in DY,
the low-sodium regimen was replaced during con-
tinued resin ingestion by a full diet containing ordi-
nary amounts of sodium (Table II). Though
complete balance data are not available and the ob-
servations are limited to three in number it should
be pointed out that in each instance the patients ate
well and took larger amounts of resin. The daily
stool sodium and potassium output exceeded by a
wide margin values observed in a large series of
control subjects on comparable diets without resin
(20), and unquestionably exceeded greatly the
stool sodium values seen in these same patients
while on resin and a low-sodium diet. Chloride
and nitrogen output, on the other hand, were not
unusual. It is clear, therefore, that in these sub-
jects, as in others (21), the resin can increase stool
losses of sodium and, of course, of potassium as
well during periods in which sodium is present in
the diet.

C. General comments and clinical course

All four of the patients continued to deliver their
edema with only occasional interruptions irrespec-
tive of whether or not they were receiving the ca-
tion exchanger.

The nonprotein nitrogen of the blood returned
to normal in BF, fluctuated between elevated and
non-elevated concentrations in KM, remained high
in DW, and rose to azotemic levels in DY (Table
I). The patient with the most pronounced reduc-
tion of serum carbon dioxide content (DW) de-

Cl Na * N

M" meq q" 9

50 per dayM

g~~~~~~wa=
=E,,,,5 urine

501

CONTROL

H RESIN

POSTRESIN

urine
stool

_urine

FIG. 2. ELECTROLYTE AND NITROGEN EXCRETION IN
URINE AND IN FECES BEFORE, DURING, ANDAFTER RESIN
THERAPY

Statistically significant increases or decreases from con-
trol mean values are marked by an asterisk. It is readily
evident that as stool potassium increased, the urinary out-
put of this electrolyte declined. The lowered output of
potassium in urine persisted during the post resin period.
Changes in stool chloride and in stool sodium were limited
to one or two of the categories in contrast to the uniformity
of the stool potassium data. Urinary chloride excretion
was low during the resin ingestion periods.

veloped over-breathing on the seventh day of hy-
drogen form resin therapy coincidental with a
respiratory infection, even though he had taken
only 9 g. each day. This responded promptly to
therapy with parenteral sodium bicarbonate pre-
ceded by calcium gluconate and antibiotics. De-
spite the hypocalcemia present in this child and in
the others none of the patients developed tetany
during resin therapy. This fact, together with the
slight elevations, if any, in serum phosphorus indi-
cate that the low serum calcium values were pri-
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TABLE II

Intake data and urine and stool output in nephrotic children receiving the H cycle resin'

Jb. Time Therapy Intake urinie Stool

Fluid Cl Na K N Vol. Cl Na K TN UNNVat. Cl Na K N
(as (g./d.) (1.-) (seq.-) (seq. seq.) (gon.) (1.) (seq.-) (meq-) (ueq) (go i (go n) (gm (seq. -(*@q (seq.-) (gm

BF 0-3 0 6.15 914 6 229 27.0 3.8 109 9173 20.1 16.' 607 17 52 14.23-6 0 5.141 90 5 220 25.9 3.71 2149 211 163 114.6 13.
6-9 0 5.147 914 6229 27.02.75189 176 88 7.6 7.0 68 13 5 7 529-1 0 5.31 90 5 220 25.9 2.8 1144 63 176 18.9 17. 653 5 7 .

12-15 33 6.82 914 16 229 27.0 3.65 69 0 98 114.9 13.5 1499 5 314 2141, 5.2
15-1 18 5.85 63 14 153 18.0 3.72 142 0 12 16.9 1i4.
18-21 0 5.97 914 6 229 27.0 14.05 73 0 614 18.6 15.6 8 6 3 1021-214 0 7.07 914 6 229 27.0 5.52 86 23 216 23.8 20.9 8o 6 3 14 9.
50-56 17 Full dlet 3.8 50 7 68 23.1 20.2315 2 6 1 .

__ 658 114 1.03 38 3 18 19.14 7.9,35 2 6 12 28

Km o-6 0 8.36190o 1 1451514.2 - - - 905 19 32 147 7.9
6-3.2 10 7.21 178 10 1423 50.9 1.814 98 7 103 29.1 214.9

12-19 1 6.914 151 9 358 143.1 1.95 111 9 156 36.8 33.9 7146 1-5 114 3143 7.8
19-22 2 14.21 100 6 238 28.6 0.95 514 3 71 17.2 15.8

I22-25 0 3.8 ..L. j5 0 1.75 146 0 74 33. 33. 196 i .. 26 1. 6I
DW 0-7 9 8.99 101 6 2141428.8 5.58 125 79 19821.3 17.0 107 0. 5 148 1.2

7.1.i 0 . dl wa free 227__286 6*7 15.5 109 8 3 3 21 0.9
DY 0-7 0 3A.26 2o6 12 500 59.0 9.20 239 014143149.1437.5 837 11 3.0 1414 6.1

7-10 114 8.35 321 6 256 25.5 6.62 187 62 232 19.6 18.5
10-13 114 8.25 1314 6 269 25.5 7.25 2149 93 202 214.6 18.8, 923 11 10 82 5.9
13-17 0 7.25 180 7 359 36.0 5.35 271 52 289 314.6 27.5 861 6 14 99 8.8
17-19 0 3.31 87 14 173 17.3 1.95 72 12 105 11.7 9.1.
19-22 0 6.o14 132 6 261 108.2 6.20 1148 22 2143 66.8 61.6
22-25 0 9.11 1314 6 267 108.9 3.60 108 11 213 106.9 83.3 -10149 1 9 65 9.0
25-28 0 6.16 128 5 253 116.2 3.60 75 9 179 75.2 57.6
28-31 21 6.52 80 5 188 33.6 5.30 614 15 189 30.8 214.14",34 0 1 431-33 0 3.23 23 1 56 10.3 3.30 68 0 122 22.1 17.14,31 1 14 .
33-36 0 6.148 65 14 157 28.7 14.39 170 99 157 23.8 18.8
36-39 0 5.08 88 5 212 39.0 5.20 339 2146 206 314.8 28.2f1063 17 `78 52 10.9
65-70 33 ?ull diet 114.145 1012 636 301 59.8 147.7 1)414 5 3147 173 7.6
70-76 140 10l.98 971 720 191 62.14 514.6 1179 8 1148 176 6.1
MD117 17 1432 150 9 363 66.7 10.80 268 175 2814 66.9 58.o 8014 5 .147 114 9.8

-1. 0 810 614 14 156 28.6 8.10 1427 383 198 142.8 33.8 6TT 1 23 13 3.14

TABLE III

External, extracellular, and cell balances in nephrotic children receiving the H cycle resin

Subjoet Time Therapy 1sxt. Dal. Intracell. Bal. Cell Sal.

Cl Na K N R,0 Na K N4 Na K K'*
________1~~~IZIL Jg1j (seq. (seq. (seq.-) (gmn (1.) (seq.) (seq. (go.) (seq.) (seq.) (meq~

Br 0-3 0 - -16 * 30 .14.7 -0.1 - 27 - 7 .14.7 411 . 37 * 26
3-6 0 -- -217 4 31 * 9.1 -1.3 -175 - 7 + 9.9 142 . 38 .114
6-9 0 -102 -1714 4105 .16.8 -0.9 -185 - 14 .16.3 *11 .109 + 70

9-12 0 -62 - 63 . 8 414.3 -0.5 -145 . 1 . 3.9 -1 * 7 - 2
12-15 33 *21 - 12 4 10 4 9.5 0 0 -1 4 9.0 -12 +11 - 10
15-18 18 .17 - 15 4 21 -1i.6 .0.14 . 55 -~ -1.7 - 70 4 30 314
18-21 0 .617 40 3 4113 . 3.5 .0.14 * 79 . 6 .4.0 - 76 .107 . 97
21-214 0 * - 21 -140 - 1.8 40.1 -18 .12 -1.9 - -352 -48

KM 6-12 10 . 77 - 5 .192 .18.14 40.5 .54 - 5 .18.14 - 59 .197 4153
12-19 1 . 32 - 9 4 52 . 2.3 40.3 .67 - 7 . 2.3 - 76 * 59 453
19-22 2 .142 - 3 .103 . 9.1 .0.1 4132 412 9.14 -135 . 91 .71

DW09 U. -26j~.so I40.3 .-- 17 4 + . -* 143 .±.. ..

VT 0-7 0 -147 -1 413 4 3.3 -0.7 -138 -1 4 3.1 4-137 .11 7
7-10 11 -714 - 43 4 2.7 -0.7 -132 0 4 2.7 468 * 3 - 3

10-13 114 -123 -9 *26 - 2.2 -0.9 -107 -10 - 2.0 4 12 . 36 +4141
13-17 0 -~ -751 Al1 - 14.8 -0.14 - 17 -2 -14.8 -314 * 6 . 17
17-19 0 .10 - 13 .35 . 2.14 -0.1 4 25 0 4 2.6 - 38 4 35 . 29
19-22 0 -18 - 22 -1 438.2 -0.1 - 67 0 *35.14 4145 - 1 - 85
22-25 0 214 -121 432 - 1.2 40.5 4141 414 . 1.8 - 52 . 28 .214
25-28 0 451 -1 4 52 435.14 40.2 .146 -14 435.6 - 57 4 56 -29
28-31 21 413 - 20 -89 - 0.14 -0.3 - 30 0 - 1.9 410 -89 814
31-33 0 -148 - 7 -125 -114.0 40.3 4 23 - 2 -114.4 -30 -123 -89
33-36 0 -16 - 26 -0 .8 -1.5 -212 - 6 - 0.2 .75 - 20 -19
363 0 -;9 :9' 20 - 1.2 - - - - - -

110-117 17 -126 -217 - 35 -10.2 -0.7 -126 -17 -11.8 -91 - 18 + 10
117-121 I 0 * -W46 - 55 I-17.81 -3.1 -1408 1-12 1-17.6 4 2 -143 -

*Corrected for balance of NPN '** Corrected for K associated with intracellular metabolism of N
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.10

CONTROL 0

-10
.30

.10

H RESIN

.1 10

10

0 m
.1

POSTH RESIN

.10

TOTAL

Cl Na K N

EXTRACELLULAR

H20 Na K

CELLULAR

Ns K N

FIG. 3. EXTERNAL("TOTAL") BALANCESOF ELECTROLYTESANDOF NITRO-
GEN PARTITIONED INTO EXTRACELLULARAND CELLULAR COMPONENTS
The graph presents the mean values during control, resin, and post resin

periods. The asterisk indicates that, compared to the controls, statisti-
cally significant differences were present only in the external and cell
balances of nitrogen during the post resin periods. It is obvious that on

sodium restriction alone in the control periods the patients continued to
lose sodium, chloride, and extracellular water throughout at essentially
the same rate, as indicated by changes in the chloride space. In the con-

trol periods considerable amounts of ingested potassium were retained.
This element entered cells with nitrogen since the overall cellular balance
of K was positive but K', which refers to transfers of potassium in excess

of metabolism of protein, was negative. However, the scatter of values in
this and in the subsequent periods resulted in considerable overlap and the
"p" value was not within the limits set for statistical significance.

marily a manifestation of the remarkably reduced
concentrations of serum albumin (Table I) pres-

ent before, during, and after resin administration.
Taking serum potassium values above 5 meq./l.
as suggestive of potassium retention secondary to
renal insufficiency, the data on BF, KMand DY
indicate the ability of the resin to lower the serum

and extracellular fluid concentrations of potassium.
This same effect resulted in hypokaliemia in DW.

The serial studies of erythrocyte and leucocyte
counts, urine protein output, urine specific gravity,
or of phenolsulphonethalein excretion did not re-

veal any untoward effects induced by the resin ther-
apy. As a matter of fact the trend was toward im-
provement. The end result in this group to date
consists of one death (DW) and three remissions,
four to six months in length; obviously the sur-

vivals cannot be ascribed to resin therapy.

DISCUSSION

A practical aspect of resin therapy in nephrotic
children deserves first comment. Our subjects
experienced considerable difficulty in ingesting and
retaining the desired amounts of the cation ex-

changer. Various vehicles were tried with negligi-
ble success; capsules proved to be in general more

acceptable. Other essentially healthy children on

the same ward on a similar regimen at the same

time took the prescribed amounts of resin with only
minimal objections. It should be pointed out that
in general, patients on an unrestricted diet tolerated
the resin much better and took larger amounts
than those on the milk formula. Irrespective of
whichever reasonable explanation is advanced for
this difference its reality and therapeutic impor-
tance, at least in this small group of patients, can-

not be denied.
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Though it is true that resin therapy superim-
posed on this regimen produced certain distinct
changes, none of them exerted any dramatically
beneficial effect. The patients did not lose sodium,
extracellular water, or body weight at any faster
rate. Furthermore, the post resin anorexia and
voluntarily lowered milk intakes with negative
nitrogen balances were probably related to resin
treatment. These findings by no means exclude
the possibility that resin can be useful in the treat-
ment of edema states. They merely indicate that
if essentially complete sodium restriction is
achieved, this resin in the amounts herein taken
apparently cannot exert any additive effect. On
the other hand it is only fair to state that perhaps
the resin through its acidifying effects permitted
the continuation of diureses which might have
otherwise ceased. It is evident, however, that even
though endogenous sodium cannot be removed in
significant quantities by resin in these amounts
during almost complete sodium restriction, the ex-
changer certainly did increase stool losses of so-
dium during a diet which contained ample amounts
of this cation. Whether or not these increments
prove to be of sufficient magnitude to influence the
net external balances of the ion and thereby pre-
vent or correct edema will obviously in great meas-
ure depend on the concomitant urinary excretion
of sodium.

The potassium data in these studies do suggest
that this exchanger, properly used, will deviate
exogenous and endogenous potassium to stools.
This effect will obviously tend to forestall and to
correct potassium intoxication, and its recognized
threat to survival, in patients with renal diseases
(24-27).

It may be of interest at this point to speculate
upon various possibilities whereby the efficiency
of these resins could be increased. The difficulties
of ingesting sufficiently large amounts might then
be resolved, although we have been able to in-
crease, subsequent to the studies described in this
paper, the intake of the exchanger by suspending
it in flavored cornstarch. The size of the indi-
vidual resin particles may also be important in de-
termining the clinical efficiency of the resin. More-
over, the influence of certain dietary constituents
such as potassium, calcium, and fats upon the
ability of the exchange agent to increase stool so-

dium excretion has not been explored. It may be,
for example, that low potassium diets during in-
gestion of the carboxylic exchanger would permit
the removal of significantly greater amounts of
sodium. However, against this possibility is the
observation that the sulfonic resins removed
chiefly potassium in rats maintained on diets com-
pletely free of electrolytes (27).

SUMMARY

1. On an essentially sodium-free regimen, pro-
viding ample calories, nitrogen, and potassium, a
carboxylic cation exchanger in the hydrogen cycle,
up to 40 g./day, did not further increase signifi-
cantly the stool losses of sodium nor accelerate
the loss of edema and of body weight in nephrotic
children. This therapy may have, however, pro-
longed the diuresis through its acidifying effects.

2. On a diet which contained considerable
amounts of sodium the exchanger raised the stool
sodium, thereby indicating the value of this agent
in augmenting the excretion of ingested sodium.

3. The resin did increase significantly the loss
of potassium via the gastrointestinal tract, but ef-
fects of this on the external balances of potassium
were in great measure cancelled by a simultane-
ous reduction in the urinary excretion of the elec-
trolyte. Nonetheless, serial serum potassium stud-
ies indicate the resin cancelled trends to hyper-
kaliemia.
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CASE REPORTS

DW-(CH 4071)-This seven year old white boy was
readmitted to Children's Hospital from a convalescent
home on 1/23/50 for treatment of persistent edema.

Four years earlier he had become edematous one month
after an acute infection. Plasma and blood transfusions
had been given without relief. In 1948 there was anasarca,
blood pressure 120/62, 4 + albuminuria, serum cholesterol
1216 mgm. %, total protein 3.8 g. %, albumin 0.2 g.% and
globulin 3.6 g. %. Fever and respiratory embarrassment
had developed which required oxygen, antibiotic therapy
and digitalization. Edema was fairly well controlled with
ammonium chloride and mercurial diuretics and the pa-
tient was sent to a convalescent home. In November
1948 a diet consisting solely of sodium-free dialyzed milk
was begun with improvement in clinical condition and
subsidence of edema. This regime continued aside from
occasional dietary indiscretion.

On admission 1/23/50 there were marked pallor, slight
generalized edema, and a soft apical systolic murmur and
a BP of 100/65. His hemoglobin was 5.9 g. %7o, RBC2.9
million, and WBC12.7 thousand and his urine contained
2 + to 4 + albumin, granular casts, and occasional red and
white blood cells. The cholesterol was 1846 mgm. %;
other blood and serum values during his hospitalization are
shown in Table I.

The sodium-free milk diet supplemented with vitamins
and iron was continued with addition of hydrogen cycle
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resin. He accepted an average of only 9 g. of the resin
per day for a week. At this time an upper respiratory
infection developed, with subsequent nausea, vomiting and
acidosis. Improvement occurred during therapy with anti-
biotics, oxygen, blood transfusion, intravenous calcium
gluconate and bicarbonate. On the 20th day tetany de-
veloped and was relieved by calcium therapy. This re-
curred on the 31st and 62nd hospital days. On 4/5/50 he
developed congestive heart failure and became irrational;
venous pressure rose, and blood pressure fell. Digitaliza-
tion, oxygen, and supportive therapy were ineffective and
the patient died on 4/6/50.

At autopsy, nephrosis, right pleural effusion, ascites,
dilatation of right auricle and ventricle, primary atypical
pneumonia of unknown origin, congestion of liver and ac-
cessory spleen were found.

DY-(CH C817)-This 11 year old Chinese Ameri-
can boy was first admitted 9/6/49 with anasarca, albumi-
nuria, hypercholesterolemia, and hypo-albuminemia. PSP
excretion was 60% in two hours. On a low-sodium
milk, rice and fruit diet, supplemented with vitamins and
iron, edema subsided and the patient was discharged from
the hospital. Edema recurred, but after hospitalization and
sodium restriction, diuresis occurred and he was sent to
a convalescent home.

On 2/18/50 the patient was readmitted with slight facial
edema and abdominal fullness, but no peripheral edema.
Laboratory findings were essentially unchanged, except
that the hemoglobin had fallen to 7.8 g. and the red count
to 3.9. Blood and serum clinical data for his entire hos-
pitalization appear in Table I.

Therapy consisted of low-sodium milk diet plus various
combinations of cation exchange resins. On the ninth day,
14 g. of hydrogen cycle resin were given and continued
for a period of six days. After a six day control period
120 ml. of 40% urea solution were ingested daily for
three days. Hydrogen cycle resin was repeated for five
days, and milk protein supplement, 60 g./day, was added
to the diet. However, the clinical condition of the patient
remained unchanged. During this time protein intake
was 90 g. daily, with urinary losses of 10-13 g./day.
Unexplained abdominal pain and temperature elevations
present from the 32nd to the 35th day were treated with
penicillin.

On the 66th day he was placed on a general diet with 40
g. of the hydrogen cycle resin daily. There was disap-
pearance of edema and weight loss of 2 Kg. with subjective
and objective improvement.

Subsequently resin therapy was repeated from the 110th
to the 117th day. No significant change appeared in
urine or blood throughout therapy.

BF-(CH 0801)-This six year old negro boy was re-
admitted 3/6/50 with edema, marked ascites and 3+
albuminuria.

One month earlier he had been admitted with periorbital
and pretibial edema, vomiting, abdominal cramps, mild
diarrhea, and enlargement of the abdomen of three days'
duration. BP was 102/64. There was 3 + to 4 + albu-
minuria and a few white and red blood cells in the urine.

The NPNwas 32 mgm. %, total protein 4.3 g. % with
0.7 g. albumin. Cholesterol was 864 mgm. %. The intra-
venous pyelogram was normal. A diagnosis of nephrosis
was made and a low-salt high-protein diet given with im-
provement. He was discharged 2/24/50.

He was readmitted on 3/6/50 with edema, marked as-
cites, and 3 + albuminuria. Blood and serum analyses ap-
pear in Table I. Hemoglobin was 10.5, RBC3.6, WBC
7.8 thousand. On a diet consisting exclusively of a low-
sodium milk formula the edema diminished rapidly during
the first 12 days. From the 12th to the 18th days the pa-
tient received hydrogen cycle cation exchange resin. Dur-
ing this time no change in his condition was noted.

Dialyzed milk formula was continued until the 20th
hospital day when intake was changed to low-salt diet and
hydrogen cycle resin was again given. This regimen was
associated with rapid accumulation of edema fluid until
it was interrupted on the 34th day by an acute episode of
fever, vomiting and severe abdominal distention and pain
suggestive of peritonitis. Recovery from this acute epi-
sode occurred after four days of antibiotic therapy. On
a low-sodium milk formula, diuresis and disappearance of
edema occurred rapidly. There was no change in albu-
minuria.

The child remained on this diet and almost completely
free of edema until 6/12/50, when a general diet and 20 g.
each of hydrogen and potassium cycle resins were given.
Within one week edema appeared in severe degree. A low-
sodium milk diet with rice, fruit, and "salt-free" bread was
administered for the remainder of his hospital stay. Hy-
drogen form resin was resumed, and in eight days edema
subsided and a weight loss of 1 Kg. occurred. Albuminuria
persisted throughout the study.

KM-(CH M6990)-This two year old white girl was
admitted 5/6/50 because of persistent edema despite dia-
lyzed milk and salt-free cereal diet.

Two years before there had been swelling of the face,
legs, and abdomen of two weeks' duration subsequent to
an upper respiratory infection. On admission in 1948 the
child was pale, poorly developed, with periorbital and
peripheral edema. BP was 120/75. There was 4 + al-
buminuria, 6 RBC/hpf, specific gravity 1.037. A normo-
chromic anemia and leucocytosis were present. Blood
NPNwas 30 mgm.%, serum cholesterol 608 mgm. %, al-
bumin 0.4 and globulin 3.7 g. %. Diuretic therapy pro-
duced slight improvement.

On 5/6/50 there were generalized edema and hepatome-
galy, blood pressure was 105/75, albumin 3 + to 4 +, and
a few red cells and granular casts were present in the urine.
Hemoglobin was 7.5 g. %, RBC3.2, and WBC9.1. Ex-
cretion of PSP was 50% in two hours.

The patient was fed only low-sodium milk supplemented
with vitamins and iron. After one week a slight reduc-
tion in facial edema was noted, with weight decrease of 0.8
Kg. Hydrogen cycle resin w-s then given for a period of
15 days. This was poorly accepted by the patient, only
small amounts being taken. During administration of
resin there was no change in blood or urine findings.
Serum values appear in Table I.


