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In normal human subjects, rapid injection of
hypertonic glucose produces severe hyperglycemia
which elevates the effective osmotic pressure of the
extracellular fluid, thereby withdrawing water from
cells, expanding extracellular volume, and decreas-
ing the concentration of serum sodium (1). Large
amounts of salt as well as water are excreted in
the urine as intense glycosuria supervenes (1, 2).
Similar effects have been demonstrated with a va-
riety of nonelectrolytes, predominantly sugars of
small molecular size (1-6). The reasons for these
accelerated urinary losses of salt and water are not
clear. They have usually been ascribed to the os-
motic influence within the renal tubules of that
fraction of the injected solute which appears in the
urine (2-6).

The following study of the effects of injections
of hypertonic glucose in edematous cardiacs and
cirrhotics was undertaken for two reasons: 1) To
determine whether this procedure might have ther-
apeutic value in facilitating the delivery of edema
or ascites ; 2) To determine by comparison with
normal subjects whether a different physiological
background, which includes a great propensity to-
ward renal retention of salt (7), conditions the re-
sponse of the body fluids and kidney to osmotic
loads.

METHODSAND CALCULATIONS

Chemical methods were identical with those previously
reported (1, 3, 8), except that serum glucose was usually

1 Read by title at the 42nd annual meeting of the
American Society for Clinical Investigation, May, 1950.

2 This work was done during the tenure of a Life In-
surance Medical Research Fellowship.

8Present address: Department of Research Medicine,
University of Pittsburgh School of Medicine, Pittsburgh,
Pa.

4 Present address: Department of Medicine, South-
western Medical College of the University of Texas,
Dallas, Texas.

5 Markle Scholar in Medical Science.

determined directly rather than estimated from the con-
centration of glucose in whole blood.

Balance data were calculated using methods and as-
sumptions previously described from this department (1,
8). Changes in extracellular volume were estimated from
alterations in the chloride balance after assuming an ini-
tial extracellular volume of 35% of the body weight.
Balance periods, designated in Table II, represent inter-
vals between withdrawals of specimens of blood. These
periods, therefore, may include several collections of
urine which are listed individually in Table I.

EXPERIMENTALPROCEDURE

The subjects of the experiments were seven patients
with severe edema, which in four (A. B., T. L., J. R.,
M. S.) was primarily related to cirrhosis of the liver and
in three (J. W., R. J., L.) was cardiac in origin (Table I).
One patient (L., Table I) had well-controlled diabetes.
All patients had been maintained on a low-salt diet con-
taining less than 1 gm. of salt per day for at least five
days prior to the study. Those patients with congestive
heart failure had been digitalized, and other diuretic meas-
ures such as bed rest and mercurials had been successful
in only two patients of the seven. J. W. was given a mer-
curial 48 hours before the injection .of glucose, with an
excellent response; L. had been losing weight slowly as a
result of bed rest, a salt-free diet, and readjustment of the
dosage of digitalis.

The experiments were performed while the patients
were thirsting (dehydration) or taking water (hydra-
tion). In the three dehydration experiments, food and
fluid were withheld for 12 to 16 hours, after which con-
trol urines and bloods were obtained and a rapid infusion
of hypertonic glucose was begun. The volume and con-
centration of the glucose solutions, as well as their rate
of administration, are listed separately for each patient in
Table I. Specimens of blood were then obtained at the
time of voidings, shortly following cessation of the infu-
sion, and on one or two occasions thereafter. Subjects
were recumbent throughout the experiment. The same
general procedure was followed in the four hydration ex-
periments, except that the subjects ingested 150 to 300 cc.
of tap water per hour for eight hours prior to and during
the injection of glucose. R. J., however, was unable to
drink water after the start of the infusion because of
nausea. Mannitol clearance (presumably a measure of
glomerular filtration rate) and para-aminohippurate clear-
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EDEMAAND HYPERTONICGLUCOSE

ance (presumably a measure of renal plasma flow) were

measured in two subjects (A. B. and T. L.) shortly before
this study.

Painful muscular cramps of the extremities occurred
within one hour following the infusion in the three hydro-
penic subjects. These spasms were accompanied by
paresthesiae and, in one instance, by painful hyperperistal-
sis. These phenomena persisted for several hours but
did not occur in hydrated subjects. It is noteworthy that
the rapid intravenous injection of hypertonic solutions into
decompensated cardiacs did not produce any respiratory
distress, although mild transient dyspnea was noted at the
end of the infusion given to J. R. who had cirrhosis.

RESULTS

Analytical and derived data are presented in
Tables I and II and in Figures 1-3.

Serum and urine during the control period
(Table I). The concentration of serum sodium
was low initially in five patients (A. B., T. L.,
J. R., M. S., R. J.), ranging from 123.7 to 132.2
mEq./L.6 The serum chloride was within the nor-

6 The low concentration of serum sodium was presum-
ably a consequence of renal retention of water in excess of
salt. This reduction was not the result of urinary losses

of salt, since only negligible amounts were excreted dur-
ing the control period as well as during other, unrecorded,
periods of study. Extrarenal losses of salt could not be
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FIG. 1. THE RELATIONSHIP BETWEENGLUCOSEExCRE-
TION AND SODIUM EXCRETION DURING GLUCOSEDIURESIS
IN VARIOUS SUBJECTS

Note that the rates of sodium excretion were corrected
for the initial rates prior to the administration of glu-
cose. (Note also that a semi-solid circle with a hori-
zontal bar indicates a value obtained in a diuresing, hy-
drated, edematous patient [L.].)

implicated, since there was no vomiting, diarrhea, or un-
due sweating.

BLE II

Balances of electrolytes and glucose; changes in distribution of body water

External balancet Change in volume Extracellular balance Intracellular balance
Experiment, Balance ----- -

Subect, Na K P Gluc Extra- Intm- PIs8Na K P Gluc. Na K p Gluc.f
Cl Na K p Gu.cell.t cell.I ___aKP lc a K lct

mEg. mEg. mEq. mg. gm. liters lers % mEg. mEq. mg. gm. mEq. mEg. ing. gm.
1. A. B. A -3 - 3 - 4 - 26 +241 +1.9 -1.2 +36 -195 -16 -150 +123 +192 +12 +124 +118

59.1 kg. B -10 - 4 -10 -68 - 40 -1.2 +0.3 -12 +205 -28 +237 -128 -209 +18 -319 +83

2. T. L. A - 9 - 5 - 6 - 56 +231 +1.4 -0.7 + 9 -230 -3 -90 +196 +225 - 3 + 34 + 35
71.3 kg. B -19 - 9 -11 - 98 - 24 -1.6 +1.0 -23 +280 -28 - 49 -168 -289 +17 - 49 +144

3. J. R. A - 7 - 4 - 3 -64 +191 +0.2 +0.1 + 2 -250 -2 -185 +164 +246 - 1 +121 + 27
91.0 kg. B - 7 - 5 - 3 -107 - 13 -0.6 +0.7 -17 +130 -25 + 38 -141 -135 +22 -145 +128

4. M. S. A - 5 -4 - 1 - 20 +194 +0.9 -0.4 +36 -90 -30 -292 +165 + 86 +29 +272 - 29
68.7 kg. B -10 - 5 - 6 -129 - 21 -1.3 +1.4 -29 +150 - 3 + 40 -173 -155 - 3 -169 +152

5. J.W. A -29 -31 - 1 -50 +219 +1.1 -0.5 + 7 -98 + 8 - 5 +178 + 67 - 9 -45 + 41
82.7 kg. B -22 -23 - 1 -49 - 7 -1.1 +08 0 + 51 -13 -57 -128 - 74 +12 + 8 +121

6. R. J. A -5 - 7 -3 - 26 +142 +1.1 -0.8 +20 -130 - 5 + 96 +115 +123 + 2 -122 + 27
75.4 kg. B -3 -3 -4 -52 - 9 -1.5 +1.2 -10 -90 -8 -212 -80 + 87 + 4 +160 + 71

7. L. A -18 -22 - 4 - 2 +189 +1.3 -1.0 + 7 - 10 + 6 +110 +195 - 12 -10 -112 - 6
61.1 kg. B -18 -22 - 5 -13 -25 -1.4 +1.5 - 2 -135 -8 -140 -104 +113 + 3 +127 + 79

* Balance data are expressed per individual balance period rather than cumulatively. Duration of balance period
is the interval between withdrawal of blood specimens, as shown in Table I.

Balance of chloride and sodium are corrected for small quantities lost in serum drawn for analysis.
Calculated from changes in chloride balance after assuming initial extracellular volume of 35% of body weight.

§ Estimated from measured oral and intravenous intake and urinary excretion of water, the calculated changes in
extracellular volume, and assumed insensible water loss at the rate of 40 cc./hr. Since water of oxidation comprised less
than 100 cc. per balance period, it was not included.

** Estimated from changes in hematocrit and in hemoglobin concentration.
tt Positive intracellular balances of glucose represent utilization or storage.
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See legend of Figure 1 for significance of semi-solid
circle with horizontal bar.

mal range or slightly low in three of these patients
(A. B., J. R., M. S.), reduced in proportion to so-

dium in one (T. L.), and disproportionately re-

duced in R. J., a severely decompensated cardiac
with primary respiratory CO2 retention. The se-

rum sodium was normal only in the patients who
had responded to diuretic measures before the
study period (see Procedure). Initial concentra-
tions of serum potassium and inorganic phosphorus
were slightly depressed in R. J. probably because
of impairment of appetite and low intake of potas-
sium and phosphorus.

The urine contained negligible amounts of so-

dium and chloride, except in the case of J. W. who
was still undergoing a mercurial diuresis.

Body fluids and the concentration of serum so-

dium. Extracellular volume (chloride space) was

expanded from 0.2 liter to 1.9 liters (in five of the

seven patients the expansion exceeded 1 liter)
shortly after cessation of the glucose infusion (Bal-
ance period} A, Table II). The magnitude of this
expansion was greater than could be accounted
for by retention of injected or ingested fluid. In
the three thirsting patients (A. B., T. L., J. W.),
the increase in extracellular volume seemed to ex-

ceed the total amount of injected water, even if
the water intake is not corrected for the greatly
accelerated urine flow. Therefore, the expanded
extracellular volume after the injections of glucose
was dependent upon a transfer of water from cells
into the extracellular fluid.

The concentration of serum sodium fell by 7 to
20 mEq./L at the end of the infusion of glucose.
This fall was not the result of augmented excre-

tion of sodium in the urine, since the concentration
of sodium in the urine was far below that of se-

rum. Although a transfer of sodium into cells
(Table II) could account for part of the depres-
sion of the serum sodium, it should be empha-
sized that the error inherent in estimations of cellu-
lar transfers of sodium on the basis of alterations
in the chloride space may be large (9). This is
true not only because of the fact that sodium is

o400

Itot

1000

Soot

4

ntO

Sot

200

0

0 hsdroued
.d.notnos Pik

4i .g

*4 iw "

0 O ° .

0 O

0

009
* 0

*-

0

..

tr 00.0

-0 so0 S o ISO 300 w
TOTAL SOLUTE EXCRETION *ELO

FIG. 3. THE RELATIONSHIP BETWEENTHE EXCRETON
OF TOTAL SOLUTES AND URiNE FLOW DURING GLUCOSE
DIURESIS IN VARiOUS SUBJECTS

See legend of Figure 1 for significance of semi-solid
circle with horizontal bar.
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EDEMAAND HYPERTONICGLUCOSE

present principally in the extracellular fluid in
high concentration, but also because of the prob-
ability that the chloride space is not precisely equiva-
lent to extracellular volume (10, 11). Hence,
comparatively slight errors in the measurement of
changes in the extracellular volume, as well as in
the chemical analyses, could result in large calcu-
lated transfers. This possibility of magnifying
small errors by multiplication with large numbers
is especially likely in the present study, since chlo-
ride space was assumed to be almost twice normal.
Therefore, the error of the estimated movement of
sodium into or out of cells would, other things be-
ing equal, be almost twice as great as that in a nor-
mal subject. It is probable, therefore, that the fall
in the concentration of serum sodium was princi-
pally a result of dilution of the extracellular fluid
by cell water (Table II) withdrawn from the in-
tracellular phase by the marked increase in, the
effective osmotic pressure of the extracellular fluid
produced by hyperglycemia.

As hyperglycemia receded, the effective osmotic
pressure of extracellular fluid fell sharply, and the
concentration of serum sodium rose to values ap-
proaching those of the control period. This rise
in sodium concentration was probably a sequel of
the return of water to the intracellular phase (Table
II) in response to the new osmotic gradient.

Occasional discrepancies between estimated
changes in effective osmotic pressure (Table I) and
changes in intracellular volume (Table II) were
noted. Although it may be tempting to invoke pos-
sible alterations in osmotic activity of components
of the cellular phase to explain away these dispari-
ties, it is likely that these apparent changes in in-
tracellular activity reflect cumulative chance er-
rors in chemical methods and in the assumptions
inherent in the methods of calculation.

Plasma volume, estimated from changes in he-
matocrit and hemoglobin values (Tables I and II)
expanded during the infusion and contracted sub-
sequently. Extreme changes in plasma volume
seem to have occurred during certain periods, but
these probably illustrate the crude nature of this
measure of change in plasma volume. It is also
possible that these apparent changes of plasma
volume represent, in part, temporary shifts of in-
terstitial fluid into and from the vascular compart-
ment presumably as a result of transient diffusion
gradients of glucose.

Excretion of salt and water. Rapid injection of
600-1200 cc. of hypertonic glucose resulted in
massive glycosuria (up to 39 gm. or 218 mM/hr.)
and marked acceleration of urine flow (Table I).
In only one subject (A. B.), however, did the vol-
ume of urine excreted following administration of
glucose exceed the intake of water. If extrarenal
losses of water were of the order of 40 cc./hr., the
water balances of the other patients either ap-
proached zero or were frankly positive. Despite
the fact that the excretion of sodium increased ap-
preciably when glycosuria occurred, significant
quantities of the ion were excreted by only two
patients (J. W. and L.), mentioned above, who
were already delivering their edema.

Transfers and excretion of potassium and phos-
phorus. The concentration of serum potassium fell
in all patients except L. and J. W. from 0.1 to
1.4 mEq./L at the completion of the glucose in-
fusion, and remained depressed (M. S.) or fell
further (all other cases) in the subsequent periods
(Table I). Balance data (Table II) indicate that
in a majority of periods this fall was attributable
primarily to a rate of liberation of potassium from
cells which was diminished when compared with
the control period, or to a net movement of potas-
sium into cells, in conjunction with the utilization
of glucose. In these patients, as in normal sub-
jects (1), this movement of potassium toward cells
counteracted the usual tendency for cells to dis-
charge potassium to preserve a constant serum
concentration in the face of increased urinary ex-
cretion and expanding extracellular volume. The
excretion of potassium was augmented by the glu-
cose infusion in all patients.

Changes in the concentration of serum inorganic
phosphate usually paralleled those of serum potas-
sium, particularly at the completion of the infusion
(Table I). This parallelism was also evident dur-
ing period B of experiments 4 through 7, but
marked discrepancies are obvious in experiments
1, 2, and 3. When the concentration of serum
phosphate fell, its excretion increased and the
estimated rate of liberation of the ion from body
cells usually decreased. A net movement of phos-
phate into cells could be demonstrated in seven
of the 14 balance periods (Table II). But the rate
of release of phosphate from cells appeared to in-
crease (above that of the control period) during
six of the balance periods despite accelerated utili-
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zation of glucose. Accelerated utilization and stor-
age of carbohydrate, therefore, does not necessarily
provoke net cellular retention of phosphate. For
example, during certain periods of increased utili-
zation of glucose (Experiments 1-B, 3-B, 4-B,
Table II), the concentration of serum phosphate
rose despite augmented excretion of the ion. Since
contraction of extracellular volume did not fully
account for this rise in concentration, it may have
been related, in part, to transfer of phosphate from
the cellular phase. That the net movement of phos-
phorus may be away from cells is not, of course,
evidence of a failure of participation of inorganic
phosphate in carbohydrate metabolism, since strik-
ing alterations of the distribution of intracellular
components may take place without necessary re-

flection in overall measurements.

DISCUSSION

The failure of rapid injections of large quantities
of hypertonic glucose to provoke appreciable de-
pletion of augmented stores of water and salt indi-
cated that such injections were of little or no value
in the treatment of the edema of these patients.
This is in accord with other observations (12, 13),
although detailed studies of rapid administration
of comparable amounts of hypertonic glucose in
edema have not been reported previously. It
seems probable that the paucity of such studies
is at least in part a reflection of a prevalent fear
that patients with edema, particularly if it is sec-

ondary to heart failure, withstand parenteral fluids
poorly as a result of a predisposition to pulmonary
edema under these circumstances. Despite ex-

tremely rapid expansion of plasma and extracellu-
lar volume, one transient episode of increased
dyspnea (in a cirrhotic) was the sole respiratory
complication. Although solutions of sodium salts
might not have been so innocuous under the same

conditions, the present study indicated that certain
fluids could be given parenterally to edematous pa-
tients with greater safety than is sometimes
assumed.

Cellular dehydration contributed considerably
to the expansion of extracellular volume induced
by the infusions of glucose (Table II). This
transfer of water from cells could not have oc-

curred if glucose traversed cellular membranes
freely, because it would then have elevated the os-

motic pressure on both sides of the membrane

equally and could not have affected the distribution
of water. Hence, free glucose must be largely con-
fined to the extracellular fluid, either because it dif-
fuses into cells slowly or because its penetration is
not by diffusion but by an active process involving
its metabolic transformation within the cell. This
latter would seem the more likely alternative, since
not only have direct analyses of skeletal and heart
muscles in animals and man demonstrated that free
glucose is largely confined to the fraction of muscle
water which is extracellular (14, 15), but radioac-
tive glucose has a volume of distribution which
seems to approximate extracellular volume (16).

Changes in the volume of the extracellular fluid
and the concentration of serum sodium in edema-
tous patients were similar to those noted in normal
subjects following similar glucose loads (1). But
the renal response to these distortions of the in-
ternal environment differed markedly in the two
groups (Table I, Figure 1). In normal subjects
sodium excretion increased two- to eight-fold dur-
ing massive glycosuria. In five of seven edematous
patients reported here, although the relative increase
in sodium excretion was far greater than in normal
subjects, the absolute amounts of sodium lost were
trivial because the excretion of sodium initially
was negligible. A massive glycosuria of 205 mM/
hr. in the case of A. B., although increasing sodium
excretion 50-fold, resulted in an excretion of only
1.0 mrEq./hr. because the initial rate was 0.02
mEq./hr.

Since measurements of clearances of mannitol
and of para-aminohippurate were at about the nor-
mal range in the two patients (A. B. and T. L.)
in whom salt retention was most tenacious, it is
difficult to ascribe such abnormalities of sodium ex-
cretion to gross disturbances in renal hemody-
namics (7). Nor was there some intrinsic ab-
normality in the kidneys of the edematous patients
which precluded the salt diuresis usually elicited
by glycosuria: when circumstances promoting salt
retention were altered by bed rest and digitalis
(L.), then glycosuria swept salt into the urine in
large amounts, as in normal subjects (Figure 1).
Initial hyponatremia and antecedent intake low
in sodium do not appear to account for the fail-
ure of glucose to sweep out large quantities of salt
in these patients as contrasted to normal subjects
(1). In the latter, striking diminution in concen-
tration of serum sodium after administration of
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glucose did not prevent excretion of relatively large
quantities of sodium. Moreover, antecedent salt-
free diets do not, in normal subjects, prevent the
diuresis of salt (17). And finally, marked aug-
mentation of salt excretion is observed during di-
abetic acidosis when analogous glucose loads are
present in patients who are free of edema, but
whose intake of salt has necessarily been curtailed
(18). Nevertheless, the data suggest that the re-
nal response to administered glucose is not neces-
sarily a function of the filtered glucose or sodium,
but varies with those influences in the internal en-
vironment which condition tubular activity (19,
20).

The accelerated urinary losses of salt accom-
panying glycosuria have frequently been considered
a purely passive consequence of the osmotic pres-
sure of the nonreabsorbed' solute within the renal
tubule. The fraction of filtered glucose which is
excreted in the urine, by restraining the reabsorp-
tion of water in the proximal tubules, is thought
to augment the excretion of salt, either by acceler-
ating its passage through the tubules (21, 22) or
by diluting the concentrationi of tubular sodium be-
low that of extracellular fluid (4, 5, 23). The fail-
ure of a massive glycosuria, in absolute terms, sig-
nificantly to augment sodium excretion in these
patients militates strongly against any rigid inter-
pretation of this hypothesis. If the capacity of the
tubular system for sodium transport were fixed,
then such a hypothesis could not account for the
negligible losses of sodium observed in most of the
patients reported here. On the other hand, if the
capacity for tubular transport is variable, largely
conditioned by factors in the internal environment,
then the concept of a Tmfor sodium loses much of
its meaning. This does not, of course, imply that
there is no intrinsic tubular mechanism for sodium
transport which may be influenced by the char-
acter and flow of tubular urine, as has been pointed
out (22, 24). However, such observations as the
failure of a sulfate diuresis to sweep out sodium
chloride (25, 26), the variable response to urea
loads (1, 2, 6, 23), and the cutback in sodium ex-
cretion in some diabetic patients despite continued
massive glycosuria (18, 27, 28), suggest that the
osmotic influence of the injected solute within the
renal tubule may be only one of several determi-
nants. This view is, on the whole, consonant with
that expressed in greater detail by Wolf (29).

In Figures 2 and 3 the excretion rates of glucose
and of total solutes are plotted against urine flow,
both for the patients of this study and for the nor-
mal subjects of a previous report (1). The ex-
cretion of water per unit of excreted glucose or
total solutes was considerably increased by hydra-
tion in the normal subject, but was slightly, if at
all, changed by hydration in our edematous pa-
tients. This undoubtedly reflected the usual diffi-
culty in obtaining a water diuresis in edematous
patients. Among the hydropenic normal and
ed,ematous subjects, the excretion of water per
unit of excreted glucose was about the same for
both groups. Although there is a suggestion that
hydropenic edematous patients excrete slightly
more water per mole of total urinary solutes than
hydropenic normal subjects, there is too much
overlap in the two groups to permit this conclu-
sion.

The accelerated excretion of potassium in the
face of declining serum values in the hydropenic
subjects of this report has been observed under
similar conditions in normal subjects and may have
been a result of cellular dehydration, in keeping
with previously expressed views on this subject
(1, 30-32). The precise nature of the relation-
ship of dehydration to excretion of potassium is,
however, obscure. But the results in the hydrated
patients, in each of whom there was an overall
positive balance of total bodty water, as well as
accelerated excretion of potassium, confirm the em-
phasis placed on intracellular dehydration as a
salient determinant of this urinary loss of potas-
sium. The fact that excretion of potassium was
not increased in hydrated normal subjects (1),
but was augmented in hydrated edematous patients,
is unexplained.

The cause of severe, painful muscular spasm
which developed in the hydropenic patients about
one hour after cessation of the infusion and per-
sisted for several hours is not clear. Since symp-
toms and signs did not appear in hydrated patients,
and ingestion of water probably did in some meas-
ure prevent cellular dehydration, the latter may
have been a prominent factor in the genesis of these
symptoms. If this is the case, edematous subjects
must have an additional obscure peculiarity in
this respect, since comparable injections of glucose
failed to evoke these complications in normal de-
hydrated subjects (1). Nor does the temporal
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sequence provide clear-cut support of this hypothe-
sis, since symptoms were most intense when hyper-
glycemia had receded and the concentration of
serum sodium had been restored. There were no

clinical features of tetany and the serum calcium of
A. B., although slightly depressed to 7.21 mg. %o
at the end of the glucose infusion, after an initial
value of 8.59 mg. %o, subsequently rose to 8.52 mg.

%o when symptoms had appeared. Nor can these
spasms be reasonably attributed to disturbances
in metabolism of other electrolytes studied during
these experiments. The cramps resembled those
described in the condition known as heat cramps

(33) or cramps developing during salt depletion
when there is free access to water (34). Such
cramps have been related' to relative intracellular
overhydration in conjunction with salt depletion
and replacement by water without salt (33). In
the present study, however, the concomitant
changes in salt and water metabolism differed sig-
nificantly: There was no remotely comparable de-
pletion of salt and water; there was overexpansion
of the extracellular phase and intracellular dehy-
dration; the cramps were obviated by ingestion of
water.

It may be significant that the five patients with
initially diminished concentrations of serum so-

dium, and consequent hypotonicity, excreted far
less sodium following administration of glucose
than did the other two patients (J. W. and L.) in
whomthe concentration of serum sodium was nor-

mal. A similar observation has been made in a

study of the retention of administered hypertonic
saline by cirrhotics with ascites (7), and is in keep-
ing with the concept (35, 36) that abnormal re-

duction of the osmotic pressure of body fluids and
diminution of the concentration of serum sodium
are important features of intractable edema. On
the other hand the initially normal values of serum

sodium and of osmolar concentration in J. W. and
L. may have been the consequence of a prior diu-
resis induced by other factors (see Procedure).
The data suggest that a normal concentration of
serum sodium as well as a normal osmotic pres-

sure may be related to the initiation and mainte-
nance of a diuretic response.

SUMMARY

1. Six hundred to 1200 cc. of 25%o glucose were

administered intravenously over 30 to 90 minutes

to three patients with cardiac edema, and four
with edema caused by hepatic cirrhosis. Water
was given by mouth to four subjects and withheld
from three.

2. Urine flow was greatly augmented but losses
of water did not exceed the volume of fluid ad-
ministered. Excretion of sodium, potassium, phos-
phorus, and chloride usually rose temporarily, as
massive glycosuria developed, and then fell. The
diuresis of sodium, however, was usually too small
to produce appreciable rediuction of increased
stores of sodium.

3. Concentrations of serum sodium diminished
sharply by as much as 20 mEq./L and subsequently
returned toward control values. This diminution
was apparently produced by extracellular expan-
sion resulting from cellular dehydration attributable
to hyperglycemia and attendant increase of ef-
fective extracellular osmotic pressure.

4. Serum potassium fell progressively, by as
much as 2.2 mEq./L in five patients during initial
expansion and despite later contraction of extra-
cellular volume (chloride space). This fall was
frequently associated with apparent transfer of po-
tassium into cells, presumably in relation to ac-
celerated utilization and storage of carbohydrate.

5. Aside from increased dyspnea in one patient,
severe muscular cramps were the sole complication
observed. These occurred exclusively in the pa-
tients given glucose without supplementary intake
of water and could not be definitely ascribed to
changes in concentration of serum electrolytes or
to the state of cellular hydration.

6. Findings are discussed in relation to current
theories of the nature of "osmotic" diuresis and of
the formation of edema.

7. The development of muscular spasms to-
gether with the trivial net losses of water and salt
suggest that glucose, and probably similar loading
substances as well, are of little value in the treat-
ment of intractable edema.
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