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ing no more than 5 or 10 counts per minute
per ml, in other words, not significantly
greater than background. In view of the
studies of Feldman ef af.(10) using the same
type of apparatus, it is certain that the failure
to find beryllium in the ultrafiltrate represents
a true non-diffusibility and is not an artifact
resulting from the apparatus employed. While
it is not considered that the cellophane ultra-
filter resembles in all regards the glomerular
filtration mechanism of the kidney, such in
vitro studies often lead to significant sug-
gestions. Taken together with the clearance
data, the ultrafiltration studies point toward
the involvement of tubular activity in beryl-
lium excretion. The clearance of a non-
filtrable substance seems unusual, but there
is insufficient data to discuss it further.
Studies on the state of beryllium in the blood,
now in progress, and further work on the renal
mechanisms involved, will be required for
elucidation of the problem.

As shown in the table, an attempt to demon-
strate an inhibitory effect of p-aminohippuric
acid and carinamide on possible tubular excre-
tion of beryllium was not successful, but be-
cause of the variety of tubular secretory sys-
tems, negative findings in such an experiment
prove little.

Summary. Carrier-free Be? injected in an
insoluble form has a very low clearance as
compared with the simultaneous inulin clear-
ance. When citrate, a potent complexer of
beryllium, is added to insure that the in-
jected beryllium is in an insoluble form, the
clearance is much greater, despite the fact

that ultrafiltration studies indicate the solu-
ble beryllium to assume a non-diffusible form
after mixing with the blood. The addition
of carrier does not markedly alter the beryl-
lium clearance. The clearance ratio, i.e.,
Cso/Cimiin, varies widely enough to suggest
that the two substances are not excreted by
the same mechanism, and the possibility of
tubular activity in beryllium excretion comes
to mind. This idea is supported by ultrafiltra-
tion studies which show that beryllium exists
in the plasma in a non-diffusible form. Com-
plete clarification of the problem must await
further work on the state of beryllium in the
blood.
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PLASMA AND ASCITIC FLUID TIME-CONCENTRATION CURVES
OURING AND FOLLOWING A CONTINUOUS INFUSION OF MANNITOL

Infusion stoppea
100 L0
ettt
80+ .-"- -
”—' e,
s .~ Ascitic fluid slope
.~z
S, 20%103min™!
.. 60 ~‘~.
o S
o AN
£ .
.
é w0 Plasma slope ~'~\=
g 3.5%10 3 min"!
£
z
<
2
& Patient N.N.
z Diagnosis, cirrhosis with ascites
= === Pasma mannitol concentration
% 20 === Ascitic fluid mannitol concentration
3 Sigpe- 1Pzl Py
-1,
ME
10 r v — s T v -
o] 2 4 6 8 {o] 12 ia e
TIME (HOURS)

FIG. 1. Example of plasma and ascitic fluid time-concentration curves during and following
a continuous infusion of mannitol.

method for measuring extracellular fluid vol-
ume has been the subject of much investiga-
tion. Recently a series of three carbohy-
drates, sucrose(1,2), mannitol(3-5), and
inulin(6,7) have been used to estimate extra-
cellular volumes. These substances obviate
the disadvantage of wvariable entrance into
cells. diffuse into a smaller space of distribu-
tion and presumably more accurately estimate
the extracellular volume(8). A procedure for
determining the mannitol space has been re-
ported that was independent of route of re-
moval of mannitol and corrected automatic-
ally for any extrarenal disposal(9). The pro-
cedure (infusion-slope method) has the added
advantage in that it obviates urine collections.
Close correspondence has been observed be-
tween the inulin space as measured by the
infusion-recovery method and the mannitol
space measured by the infusion-slope method
(10). These data would seem to establish the
validity of both methods for measuring the
extracellular fluid volume. It should be noted
that these studies were carried out in normal
subjects.

An important requirement in the determi-
nation of the mannitol space by the infusion-
slope method is that the clearance rate of

mannitol from plasma water and from all other
recesses of the extracellular phase be com-
parable after the mannitol infusion is stopped.
The purpose of this study was to test the
validity of this assumption by simultaneously
measuring the comparative rates of diffusion
of mannitol from plasma and ascitic fluid in
patients with cirrhosis and from plasma and
peripheral edema fluid in patients with con-
gestive heart failure.

Methods. Three groups of male subjects
were employed, 1) normal individuals admit-
ted for minor surgery, 2) cases of cirrhosis
with ascites, and 3) patients with congestive
heart failure and peripheral edema. The sub-
jects were allowed food and water ad lbitum
but were kept recumbent in bed throughout
the experimental procedure. No preliminary
hydration was employed. A priming injection
of mannitol was followed by a constant sus-
taining infusion for 8 hours. Mannitol plasma
levels were maintained between 100 and 200
mg %. All solutions were made up in 0.45%
saline solution. A Bowman constant injec-
tion pump was used for the intravenous in-
fusion at a rate of 1.9 cc/min. with a mean
variation of 3.6 = 2.5% in the volume flow
per minute. Ascitic fluid was obtained by



Di1rFFERENTIAL RATES oF DIFFUSION OF MANNITOL

means of an indwelling nylon catheter intro-
duced into the peritoneal cavity through a 17
gauge needle(11). In patients with conges-
tive heart failure, peripheral edema fluid was
obtained by the subcutaneous insertion of a
special 16 gauge needle prepared with addi-
tional holes along the barrel. Blood and
interstitial fluid samples were drawn simul-
taneously at 2, 4, and 8 hours during the in-
fusion and at hourly intervals for 3 hours
after the infusion was stopped. Mannitol
was determined by the method of Corcoran
and Page(12). Mannitol recovery from plas-
ma averaged 100.1 =+ 6.5%. Plasma and
edema fluid blanks were run routinely. Plasma
concentrations of mannitol were corrected for
plasma water content according to the concen-
tration of protein present.

Results. When the mannitol infusion was
stopped, the concentration of mannitol in body
fluids fell rapidly as mannitol was excreted.
The logarithms of mannitol concentrations
plotted against time proved to be a linear
function. (Fig. 1). Taking any 2 points on
the regression line, one can calculate the slope
as follows:

1,P;-1, Py

o=ty
where S = slope (min), P, — a regression
plasma concentration at t;, P, — a regression
plasma concentration at te. The magnitude
of the slope value is a direct measure oi the
rate of removal or clearance of mannitol.

Table I summarizes the slope values for
mannitol obtained in normal subjects, cases of
cirrhosis, and patients with congestive heart
failure. The mean plasma slope in normal
subjects was 5.0 == 1.13 X 10 min. This
was significantly higher than the mean plasma
slope obtained in cirrhotic patients 3.5 =
0.82 X 103 min? P = .05) and that ob-
tained in patients with congestive heart failure
2.7 & 0.67 X 103 min? (P < .01).

From Fig. 1 it can be seen that mannitol
diffused more rapidly from the circulating
plasma than from ascitic fluid. A summary
of differential rates of mannitol diffusion from
various recesses of the extracellular compart-
ment is shown in Table I. When analyzed by
the method of paired comparisons, the mean
differences between plasma and ascitic fluid

TABLE I. Comparative Rates of Diffusion of Mannitol from ‘Various Phases of the Extracellular Compartment.
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slopes (1.3 X 19-* min) and between plasma
and edema fluid slopes (1.9 X 103 min™?)
were both statistically significant.

Discussion. The impairment of daytime
glomerular filtration rates in this series of
cases of cirrhosis and congestive heart failure
was evident in the decreased rate of plasma
clearance of mannitol. In the measurement
of the mannitol space by the infusion-slope
method, a basic requirement is that mannitol
be uniformly cleared from all recesses of the
extracellular compartment. The differences
in slope values between plasma vs. ascitic
fluid, and plasma vs. interstitial edema fluid,
indicated that this requirement was not met
in the edematous states studied.

It was of particular interest to note that
the mannitol was cleared at a more rapid rate
from ascitic fluid than from peripheral edema
fluid. Other data indicate that mannitol and
inulin equilibrate at a faster rate in ascitic
fluid than in peripheral edema fluid(13).
This conflicts with any a priori concept that
ascitic fluid is relatively adynamic in contrast
to peripheral edema fluid, and is in agreement
with recent findings on the rapid exchange of
labelled protein in experimental ascites(14).

Conclysions. 1. The plasma clearance of
mannitol observed during morning hours was
significantly decreased in this series of cases
of cirrhosis with ascites and congestive heart
failure with edema. 2. Rates of diffusion of
mannitol from various recesses of the extra-
cellular compartment were not uniform in two
edematous states, namely, cirrhosis with
ascites and congestive heart failure with
edema. 3. The mannitol method as deter-
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mined by the infusion-slope procedure cannot
be applied to the measurement of the extra-
cellular fluid compartment in certain ede-
matous states.
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