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Dextran is a bacterial polysaccharide which is
being increasingly used as a plasma substitute
(1-4). Dextran molecules frequently have a mo-
lecular weight of several million, and consist of
long branched chains of glucose units. For clini-
cal use these large molecules are broken down
artificially to an average molecular weight of
70,000. In the body, the larger molecular aggre-
gates are further broken down and excreted as
smaller fractions having (approximate) molecular
weights less than 20,000, or are slowly metabolized.

Dextran has been reported to induce diuresis
regularly in patients with the nephrotic syndrome
(5, 6). In addition to determining the clinical
value of dextran, the intravenous infusion of hy-
peroncotic (12 per cent) dextran in water was used
as an approach to the study of the following ques-
tions:

1) Effect of increased plasma volume on glo-
merular filtration rate;

2) The relation of plasma volume, serum albu-
min concentration, and glomerular filtration rate
to the glomerular permeability to albumin;

3) The effect of increased post-glomerular col-
loid osmotic pressure on tubular reabsorption of
water and solutes;

4) The nature of the dextran-induced diuresis.

METHOD

Nephrotic children who showed no clinical evidence of
renal failure were selected (i.e., no concomitant acidosis,
azotemia and anemia). The children were recumbent
during the study period. Infusions were administered

1 Aided in part by Grant No. H748 (C2) from the Na-
tional Heart Institute of the National Institutes of Health,
United States Public Health Service.

2 Milton Fellow, 1951-53, Department of Pediatrics,
Harvard Medical School.

8 Fellow, Eli Lilly Company.

in the morning after an overnight fast; during the fasting
period water was given when requested by the children,
but no deliberate attempt was made to pre-hydrate them.
A 12 per cent solution of dextran in distilled water ¢ was
used, 300 to 400 ml. per M* (1.2 to 1.8 gm. dextran per
Kg. body weight) given by infusion daily or on alter-
nate days at a rate of 2 to 4 ml. per minute. The blood
pressure was checked at 20 minute intervals and if the
systolic pressure reached 140 mm. Hg, infusion was
stopped.

Plasma volume was measured by modification of the
method of Chinard and Eder (7) from dilution of
T-1824 measured at 10, 20, and 30 minutes after injec-
tion. Where satisfactory extrapolation curves were not
obtained in serial measurements, calculated values are
presented, assuming an initial average plasma volume of
1.2 L. per M? (8). The change in plasma volume with
dextran infusion was estimated. Since hemoglobin was

not measured, the formula PV, = PV;(1 - HCt’) was

Hct

used. This empirical formula is roughly comparable to
PV, Hb, 1 — Hcts .

the usual ——= PV, ~ 0, X T—Ha, Hematocrits were

determined by the usual Wintrobe method (9) and were
not corrected for trapped plasma. In calculating the in-
fusion volume required and in the data presented in the
tables, estimates of surface area were based on height and
presumed (age-height) or observed non-edematous weight.
Total solute concentrations in serum and urine were meas-
ured by freezing-point depression using a Thermistor 1B
resistance probe and a wheatstone bridge osmometer.5

Serum and urine dextran levels were measured by the
methods of Bloom and Willcox (10) and Metcalf and
Rousselot (11). Since endogenous creatinine clearance
may be an unreliable measure of glomerular filtration
rate (GFR) in the presence of renal disease (12) and
dextran interferes with the standard Roe method of de-

4 Batches No. 263 H7 and 278 P7, kindly prepared for
us and supplied with the following comments by Com-
mercial Solvents Inc., Terre Haute, Indiana. About 80
per cent of the polysaccharides in these batches had an
average molecular weight of 70,000. About 10 per cent
had a low molecular weight of 30,000; 10 per cent had
a high molecular weight of 180,000.

5 Made by Fiske Associates, Boston, Massachusetts.
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termining inulin,® glomerular filtration rate was meas-
ured by continuous infusion (rather than a single injec-
tion [14]) of sodium thiosulfate in four patients al-
though this substance is known to produce a solute diu-
resis. Effective renal plasma flow (RPF) was meas-
ured by p-aminohippurate in these four and an addi-
tional three patients. In these patients the urines were
collected by-catheter and the-bladder emptied with distilled
water and air rinses in the usual fashion. Albumin in
serum and urine was determined immunochemically (15)
in four patients. Sodium and potassium in serum and
urine were determined by an internal standard flame pho-

6 Quantitative methods for the simultaneous determina-
tion of separate sugars in biological fluids are available
(13), but to date have not given consistent resuits in our
hands.
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- tometer (16), and chlorides in urine were measured by
the method of Wilson and Ball (17).

RESULTS

The clinical eﬂiéacy of hyperoncotic dextran as
a diuretic agent-in the nephrotic syndrame is in-
dicated in Table I. Primary and derived physio-

“logic data are presented in Tables II-IV, and

Figure 1. A complete protocol of the course of
diuresis in one patient is. given.in Table V, and
estimates of glomerular permeability to albumin
and water in Table VI. The-effect of pitressin'on
dextran-induced diuresis is shown ifi Figure 2. -

TABLE I
Clinical results of dextran infusions

) Wt. Least wt. Least mé Proportion of
. : Number before after wt. Wt. non-edema edematous
Age of infu- therapy therapy after last loss ight wt. lost
Patient yrs. sions* Kg. Kg. infusion Kg. Kg. %
S.L.B. 11 6/12 4 60.0 46.0 1 14.0 46.0 100
S.L.B. 11 10/12 8 57.5 47.7 1 9.8 "46.0- 85
M. N. 3 1/12 5 18.5 14.5 2 4.0 14.0 88
W. D. 9 3/12 4 43.3 30.8 3 12.5 27.0 77
S.W. 6 7/12 4 --27.0 214 2 4.3 21.0 93
R. 3 0/12. 3 16.2 13.9 2 23 -12.0 55
F. 3 6/12 3 18.1 17.1 6 1.0 14.5 27
. McC 4 1/12 5 25.7 22.7 1 3.0 ° ©20.0 54
C.B. 2 9/12 5 20.0 15.9 2 4.1 14.5 74
C.B. 211/12 4 21.6 15.1 2 6.5 14.5 92
B.L. 3 0/12 5 24.7 13.0t 8 11.7 13,0 100
B.L. 3 1/12 3 - 18.2 18.7 —_ —_ 13.0 0
D.G. 411/12 4 19.5 16.5% D 3.0 15.0 - 67
C.F. 6 8/12 4 23.1 22.1 1 1.0 19.0 24
J.G. 4 8/12 3 194 18.9 1 0.5 14.0 10
P. M. 6 3/12 3 28.4 21.5 1 0.9 18.0 9

* Each infusion on separate, usually consecutive, days.

t Also receiving ephedrine sulfate for asthma during this penod Ephedrine sulfate, p.o., may produce diuresis in

occasional patients with the nephrotic syndrome (18).

1 Slight paracentesis drainage persisted on first two days of infusions.

' uniz 11
Effect of dextran on plasma volume—all data adjusted to 1 Sq. M. S.A.

HCT Pl vol* APV per gm.
In&ravenous % ml, dex‘::ea‘;:t
Patient em. Initial  Final Initial  Final %A ml,
D.G. 43.5 26 14 1,240 1,675 +35 10,0
S.B. ?) 32.6 42 35 1,360 1,710 +26 10.7
©(2) 334 45 36 1,910 2,580 +35 19.8
C. B. 49.1 35 25 1,200 1,600 33 ! 8.1
M.N. ?; . 30.0 40 28 1,320 1, +44 19.3
2) 49.0 34 23 1,980 2,690 436 20.9
J. L. 37.3 35 21 1,200t 1,770 - 448 153

tocni.

data were available only in S. B. (2), C. B., and M.

Not measured but estimated as normal volume.

_* Initial plasma volume determined by T-1824 dilu_tiqn. Final plasma volume calculated from change in hema-

Plasma volume increments would be higher if quantity retained was used, rather thari quantity infused.’ “These
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TABLE III
Effect of plasma volume expansion on total circulating albumin

Total circulating Albumin
albumin from
A plasma Excreted “Extra
volume Initial Final albumin cular Pool”
Patient % om. m. gm. m.
D.G. +35 14 1.3 0.5 0.4
S.B. (1 +26 ' 10.3 7.9 1.9 —
2 +35 21.5 274 0.7 0.6
M.N. (1 +44 2.2 2.2 0.5 0.5

Clinical effects (Table I)

Courses consisting of three or more daily infu-
sions have now been given to thirteen children and
three children have received two or more such
courses. A significant loss of edema occurred in
nine children, and diuresis was virtually complete
in six., Least body weight was usually attained
within 24 to 48 hours after the last infusion. Of
the remaining four children, two (J. G. and P. M.)
were known to have reduced values of inulin and
PAH clearances and have since died of renal fail-

SOME FEATURES OF

DEXTRAN

ure. Figure 1 depicts some features of a success-
ful course of treatment.

The majority of children developed mild hyper-
tension (20 mm. + elevation of systolic and oc-
casionaly diastolic pressure),” during the infu-
sions, associated in some instances with headache,
nausea and abdominal pain. These symptoms
subsided within 24 hours in all instances. Infil-
tration of dextran into the subcutaneous tissues in

7If hypertension exceeded 140/100 mm. Hg, infusions
were discontinued.

DIURESIS

ELECTROLYTE OUTPUT

URINE SOLUTES AND URINE FLOW
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Patient S. B.a received 380 ml. of 12 per cent dextran in water. Renal functions were within normal limits
immediately prior to infusion (Table IV). Water diuresis preceded the increased excretion of solute.
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TABLE VI
Hypothetical estimates af relative “fillration’ of albumin compared with that of waler dunug dextran diuresis
M.N. 5/1/53)
Filtered/min.
Albumin* Excreted/min.
Serum
Time albumin H O A B C c HO Albumia “C Alb”
min. mg./ml. ml. mg.  mg./100 ml. B ml. mg. ml./min.
C 2.9 0.12 — —
0-30 0.70 — —
3045 (2.9)1 24 70 1.9 7.9 4 0.60 1.89- 0.65
45-60 2.9 33 9% 1.9 6.3 3 0.60 2,08 . 0.72
60-75 2.7 32 87 1.8 4.9 3 0.56 1.58 0.58
75-115 (2.5) 34 85 1.7 3.9 2 0.54 1.34 0.54
115-145 2.2 32 70 15 6.8 5 0.62 2.18° 0.95
145-175 2.1 46 97 14 5.1 3 2.0 2.33 1.1
175-190 (2.0; 46 92 1.3 8.7 7 5.0 4.0 1.97
190-205 ?.9 48 91 13 13.6 10 8.6 6.52 3.5
205-220 1.8) 36 65° 1.2 157 11 6.0 5.66 3.2
220-235 1.6 38 61 11 - 29 —_ —_
* Albumin
A = GFRny0 X serum albumin (mg./ml.) = “maximal” filtered albumin (mg./min.).
B =100 X(Oéo(z)o X serum albumin (mg./ml.)) = “‘proportional” filtered albumin/100 ml. glomerular filtrate.
C = urine alba?lgn(:g -/min.) X 100 = “minimal” filtered albumin/ 100 ml. glomerular filtrate.

stant fraction of serum albumin.

g = ratio of “minimal” to “proportional” filtered albumin; i.e., estimate of glomerular permeability to a con-

Note that neither A nor B have physiologic validity (see Discussion).

t Figures in () interpolated from semilog plot.
dextran.

three instances led to a swollen painful arm for
several days. Several children had post-infusion
epistaxis.® Possible adverse effects of repeated in-
fusions are undetermined.

Edema recurred rapldly in all patlents the
longest period of remission following therapy was
one month,

Physiological effects

Plasma volume: The hyperoncotic dextran in-
fusions regularly induced increases of 25 to 50 per
cent in plasma volume. The oncotic effect of dex-
tran in acutely expanding plasma volume varied,
but averaged about 15 ml. per gm. dextran in-
fused per square meter surface area (Table IT) by
the end of the infusion. Satisfactory measurements
of urinary dextran excretion were made in two
patients (S. B., and M. N.;). These indicated
that 29 and 43 per cent (respectively) of the in-
fused dextran was excreted during the period of

3»Sim':e this report was prepared, two children have de-
veloped hematuria during the 2nd or 3rd dextran infusion.
This cleared spontaneously in 4 to 7 days.

Periods 0-75 minutes before dextran; 75-235 minutes, during

infusion; and if the oncotic effect was calculated
from the amount retained at the end of infusion
rather than the total quantity infused, higher val-
ues were obtained (28 and 34 ml. per gm. rather
than 20 and 19 ml.). This calculation can only
be an approximation since the final estimated value
for total circulating plus excreted dextran in M. N.
was slightly greater than the amount actually in-
fused, also the estimates of final plasma volume

" increments from fall in hematocrit may be in-

accurate. )

The increment of plasma volume was associated
with a decreased concentration of serum albumin;
however, the total circulating albumin decreased in
only one of four instances in which it was measured
(Table IIT). If the amount of albumin excreted
in the urine during dextran infusion was consid-
ered, then the maintenance of total circulating al-
bumin during acute episodes of depletion seems to
have been at the expense of the extravascu]ar
pool.” Calculations of this type based on crude
estimates of plasmas volume must be mterpreted
cautiously.
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EFFECT OF PITRESSIN ON DEXTRAN DIURESIS IN A NEPHROTIC CHILD

GFR (THI0) INTRAVENOUS PITRESSIN
RPF (Paw) S
80L 028
; [ RULA 2
70 L0.20 5
owoieRutaAllf2®__ | ; FCTRAFRON Mire
FILTRATION 2 o
RATE
80 |Lois
oL A /2 3
AT
ACTH
S0 Lo.io ~
S~
ML/MIN | . OSM /MiN
10 L1000 l
8 | 800
URINE 900 TOTAL SOLUTE EXCRETION
|EXCRETION
4 L4o0
i URINE VOLUME
byl
€————————12% DEXTRAN /H,0 3|
(1.6 = 1.7 ML /MIN)
[ by
MN. g 3vz YRS.
sol .
u/p
(THIO -
) ef SERUM
ITROL 287 mOSM/L
\ g?:n. 268 2
sol PLASMA VOLUME (Tis24)
CONTROL 1230 ML
FINAL 430
20} HEMATOCRIT
CONTROL 034
FINAL 023
"0
° 2 . : . 2 . " X L L 2 A .
o 20 40 60 0 100 - 120 “o 180 180 200 220 220
TIME, MINUTES
Fie. 2.

Patient M. N.«». Note reduction in filtration fraction, and water diuresis pre-
ceding solute diuresis prior to pitressin injection. The pitressin response indicates
that the renal tubules were responsive to increased antidiuretic hormone in the
presence of high levels of circulating dextran.

Serum solutes: Serum total osmolarity and
electrolyte concentrations decreased during dex-
tran infusion, typified by examples cited in Table
Iv.

Diuresis: Averaged data for three consecutive
control periods and three consecutive periods dur-
ing maximal diuresis obtained during seven stud-
ies on five patients are noted in Table IV.

Urine flow during the control periods was usu-
ally low. No change was noted until the infu-
sion had been running for about 114 to 2 hours,

when a sharp increase in urine flow occurred, out-
put often increasing 10-fold within 30 minutes
(Figure 1). The urinary total solute output in-
creased in all but one instance, although total sol-
ute concentration fell to a level much below that
in the plasma, indicating a water diuresis.

The protocol of M. N. (Table V) indicates that
the peak excretion of dextran more or less coin-
cides with that of water, and both precede the pe-
riods of maximum total solute excretion. The
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terminal rise in dextran excretion may be in-
significant.

Sodium and chloride excretion increased during
the later phases of diuresis in all cases, often to a
striking degree. Usually, maximal water diuresis
preceded maximal sodium output. There were
insignificant fluctuations in potassium excretion.

In one <hild with persistent edema (C. B.)®
dextran infusion failed to produce significant diu-
resis in spite of adequate infusion volume and a
marked fall in hematocrit. Profuse diuresis had
been induced two days, and two months previously.
Sodium excretion during the control period was
relatively high, and increased slightly during the
infusion. There was no significant change in urine
solute concentration.

In most cases urine flow and electrolyte output
returned to control levels during the several hours
following infusions. In a few patients, however,
increased urine flow persisted accompanied by
continued excretion of sodium and chloride.

Glomerular filtration rate (C Thio) was meas-
ured satisfactorily during dextran infusion in four
cases, and increased significantly in two. It did not
change significantly in the other instances despite
significant increases of plasma volume. Renal
plasma flow (C PAH) was increased markedly in
all seven cases in which it was determined. Ow-
ing to the proportionately greater increase in
p-amino-hippurate clearance, filtration fraction fell
in all instances where estimated.

Effect of pitressin on diuresis

In two children, (J. L. and M. N.), pitressin
(2 units per M?) was given intravenously after
diuresis had become established. Injection was
associated with nausea, retching and pallor. After
a latent period of about ten minutes, urine flow de-
creased to levels similar to those seen in the con-
trol periods (Figure 2). Electrolyte excretion fell
simultaneously but to a lesser extent so that uri-
nary total solute concentration rose. Glomerular
filtration rate and renal plasma flow were also
transiently reduced. The filtration fraction was
not definitely altered. With the exception of urine
flow, which increased only slightly, after about 30

9 This study, and two others, were not included in
Table IV since renal clearance data were not obtained.
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minutes all measurements returned toward their
previous diuretic levels.

Albumin excretion

Serum dextran levels rose to about 2.0 gm. per
100 ml. during the infusions. (Maximal urinary
dextran excretion rates occurred prior to the on-
set of diuresis, due probably to the early excretion
of smaller molecules.) Measurements of serum
and urine albumin concentrations were made in four
patients.’® Although total circulating albumin was
not usually changed (Table III), serum albumin
concentration consistently fell during dextran in-
fusion (Table IV). Urine albumin excretion in-
creased in three of the four patients in which it was
measured and fell in one. Albumin “clearance”
(C Alb) increased in three of the four patients.
In two of these, the filtration of water was meas-
ured and also appeared to be increased.

DISCUSSION

The present findings confirm previous reports
(5, 6) that dextran infusions induce a temporary
diuresis in the nephrotic syndrome. Dextran
therapy may prove to be of value when it is de-
sirable to reduce edema prior to other therapeutic
procedures, and measures, ordinarily used to re-
duce edema, are either impracticable or contra-
indicated. Contraindications to dextran therapy
are pre-existing hypertension, which may be ag-
gravated, and massive anasarca, when a rapid in-
crease in plasma volume may further embarrass
the cardiovascular system. Some data are avail-
able suggesting that dextran may have a hemolytic
effect (19). In general better diureses were ob-
tained when a greater number of infusions were
given. From present experience it appears that at
least three to five consecutive infusions should be
given to obtain maximum benefit.

A marked increase in plasma volume was pro-
duced, and in the patients studied this was associ-
ated with rise in renal plasma flow. Glomerular-
filtration rate, however, rose in only two of four
patients in whom observations were made. The
general effects appear to resemble those produced
by infusion of hyperoncotic salt-poor human serum
albumin (20, 21), except that in the patients stud-

10 We are indebted to Dr. Dominick Conway for these
measurements.
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ied by Orloff, Welt, and Stowe the solute con-
centration (sodium) in the extracellular fluid in-
creased during infusion.

In previous studies to determine the effect of
dextran on renal function, a 6 per cent solution of
dextran was used, producing an average drop -of
12 per cent in hematocrit and slight increases,
thought to be insignificant, in renal function in
normal subjects (22). Increases in both glomeru-
lar filtration rate and renal plasma flow have been
noted in animals (23). In the present study, a
12 per cent solution was used, and the average fall
in hematocrit was 30 per cent indicating that a
larger increase in plasma volume was achieved,
due perhaps to the hyperoncotic solution used and
the existing hypoproteinemic state (21). This
larger increase in plasma volume may account for
the increases in renal phsma flow observed in
the present study. The increased plasma volume
may be the stimulus to diuresis by increasing glo-
merular filtration rate as previously suggested
(20, 21, 24) ; however, the data indicate that in-
creased plasma volume and systemic hypertension
both favoring increased filtration pressure do not
necessarily increase the glomerular filtration rate.
It is possible that the combined counteracting col-
loid osmotic effects of dextran plus albumin were
approximately equal to the rise in filtration pres-
sure or that the basement membranes were suffi-
ciently altered by disease to make acute changes in
filtration unlikely. Therefore, in the patients in
whom glomerular filtration rate did not increase,
dextran diuresis was clearly a renal tubular phe-
nomenon. When glomerular filtration rate was
increased, it would seem that either rise in filtra-
tion pressure exceeded the counteracting colloid
osmotic effect and/or an increased number of
glomeruli were being perfused. One might specu-
late, for instance, if severe interstitial renal edema
caused partial extrinsic occlusion of some afferent
glomerular arterioles, the rise in mean blood pres-
sure might be sufficient both to improve individual
glomerular perfusion and to increase the total num-
ber of glomeruli perfused. Increased colloid os-
motic pressure in the post-glomerular blood flow
might reduce intrarenal peritubular edema.

The apparent relationship between filtration of
water and albumin is largely dependent upon how
the amount of albumin filtered is estimated. This
is indicated by several different methods of hand-
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ling the same data obtained in M. N.; (Table VI).
Three possible series of values for filtered albumin
are shown in the columns headed A, B, and C.
“A” defines a glomerular clearance situation in
which all serum albumin is filtered. This is ob-
viously a maximal limiting value and is physio-
logically unlikely. “B” defines the situation in
which some constant proportion of serym albumin
is filtered, the actual amount being dependent upon
the level of serum protein and the glomerular fil-
tration rate. The constant 0.020/3.0 was chosen
since it has been assumed on the basis of studies
in rats and guinea pigs (25) that with normal
levels of serum albumin (3.0 gm. per 100 ml.),
0.020 gm. are filtered per 100 ml. of filtrate formed
(26). Estimated in this way, the concentration of
albumin per 100 ml. of glomerular filtrate appears
to decrease with dextran diuresis. Actually, this
result need not imply any change in permeability
to albumin but depends upon the fact that the de-
crease in concentration (dilution) of serum albu-
min was proportionately greater than the increase
in filtered water. This is particularly evident upon
comparison of the periods from 45 to 115 minutes
with those of 205 to 235 minutes. However, the
arbitrary ratio 0.020/3.0 X serum albumin (mg.
per ml.) X GFR yields values for albumin fil-
tered per minute which are less than amounts ap-
pearing in the urine per minute in the respective
periods. If the average observed ratio of albumin
recovered in the urine to the “maximal” filtered
albumin 1.85/84 is used, it would appear that reab-
sorption of filtered albumin occurs in the control
periods, but during dextran diuresis again more
albumin is recovered in the urine than can be ac-
counted for by this hypothetical filtration cal-
culation. :

In contrast to columns A and B, column C indi-
cates the result obtained if one assumes that the al-
bumin recovered in the urine represents at least
the minimal amount filtered (27) (assuming no
tubular secretion of albumin). In this case, the
quantity of albumin filtered per 100 ml. of filtered
water appears to increase during dextran diuresis.
This result again does not necessarily imply change
in glomerular permeability, since it is based on the
relatively greater increase in excreted albumin
over filtered water. It does not take account of
either change in serum albumin concentration or
tubular reabsorption of albumin.
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The formula C/B relates albumin excreted per
unit of water filtered to a fraction of the serum al-
bumin concentration which is assumed to be fil-
trable normally. The use of such a ratio only
serves to emphasize that any calculation of glo-
merular permeability must at least take account of
these simultaneous variables. If C/B is an ex-
pression of glomerular permeability to albumin, it
is apparent from the values derived that the rela-
tive permeability to albumin may be increased 3
to 5 times during dextran diuresis independently
of that for water.

Other phenomena relating to plasma proteins
also may be explored. For example, the existence
of a pool of mobile plasma protein in tissue about
as large as that in the plasma was suggested some
time ago (28). An extravascular “pool” of plasma
proteins in nuclei and cytoplasm of many organs
and in the interstices of connective tissue has re-
cently been demonstrated (29). These extravas-
cular sources presumably were drawn upon to re-
place the albumin lost in the urine during dextran
induced diuresis, and thereby limited the reduction
of circulating albumin. However, with the con-
tinuous proteinuria observed during the nephrotic
syndrome, both concentration and total circulating
albumin are reduced. Apparently this homeostatic
mechanism is more responsive to acute changes in
plasma protein content. Since the extravascular
sources of plasma protein appear to be available in
children who have had the nephrotic syndrome for
some time, reduction in concentration or quantity
of circulating albumin does not signify exhaustion
of these stores.

The increased excretion of water with dextran
infusions appears to initiate increased excretion of
solutes, essentially sodium and chloride. This is
not always observed, as demonstrated by Green-
man and associates (30). Their patients, how-
ever, were maintained on severe dietary sodium
restriction (2 mEq. per day) ; our patients were in-
gesting 30 to 50 mEq. of sodium per day. Since
osmolarity of the already expanded extracellular
water was either unchanged or decreased, and hy-
pertonic solutes were not infused, the hypothesis
of cellular dehydration (31) seems an unlikely
explanation for the increased excretion of sodium
and chloride. Since the quantity of sodium filtered
per minute appeared to be either decreased or
unchanged, increased sodium excretion obviously
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resulted from decreased tubular reabsorption of
this ion. A similar phenomenon was observed by
Strauss, Davis, Rosenbaum, and Rossmeisl during
hypotonic expansion of extracellular fluid volume
in recumbent subjects (32). They postulated that
the locus of action of the expanded volume is in
the cephalad portion of the body.

The actual mechanism by which the renal tu-
bular reabsorption of salt is modified, however,
remains unexplained.

The precise mechanism of the observed water
diuresis also remains undetermined. Unrespon-
siveness of renal tubules to antidiuretic hormone
during dextran diuresis seems excluded since in-
travenous injection of pitressin produced anti-
diuresis. The total solute concentration of the
extracellular fluid was usually reduced during
dextran infusion and diuresis. In two instances,
this was not observed although profound diureses
occurred. In five other patients, the acute reduc-
tion of total solute concentration in the extracel-
lular water approximated 4 to 6 per cent. Verney
(33) and Baldes and Smirk (34) showed that a
rapid diminution in osmolarity of the extracellular
water of 1.5 to 2 per cent initiates diuresis, pre-
sumably through inhibited elaboration of antidiu-
retic -substances (A.D.S.) mediated via osmo-
receptors. Other hypothetical possibilities also
could account for the observed dextran-induced
water diuresis.

SUMMARY

1. The intravenous infusion of hyperoncotic
(12 per cent) dextran into children with the ne-
phrotic syndrome often initiates a water diuresis
followed by increased urinary excretion of sodium
and chloride with removal of most of the edema
fluid. Transient hypertension is the most com-
mon complication of dextran infusion. The safety
of repeated infusions is not yet ascertained.

2. Diuresis was associated with a marked in-
crease of plasma volume and with increased effec-
tive renal plasma flow in seven patients in whom
it was measured; however, glomerular filtration
rate was increased in only two of the four in-
stances in which it was simultaneously measured.

3. At its maximum, the water diuresis was
characterized by a urinary total solute concen-
tration of less than 100 mOsm. per L., and a
thiosulfate U/P ratio approximating 10. This
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maximal diuresis could be transiently inhibited by
intravenous injection of pitressin. The exact
cause of the water diuresis initiated by dextran
infusion has not been determined.

4. Observations during dextran infusion in four
children suggested that the calculated permeability
of the glomerular membranes to albumin (a) is
relatively increased in the nephrotic syndrome as
previously demonstrated by others, (b) may in-
crease further during dextran infusion, and (c)
appears to be independent of that for water. These
interpretations depend upon the method of calcu-
lation applied to the observed excretion of albumin.
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