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Glomerular Filtration during Stop-Flow* (33755)
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Since the introduction of stop-flow analysis
by Malvin et al. in 1958 (1) many investi-
gators have used this technique to study the
localization of transport systems along the
length of the nephron. During a brisk diure-
sis a ureter is occluded; the method demands
that as wureteral pressure is increased in-
tracapsular pressure will rise and reach the
filtration pressure of the glomeruli, thus re-
sulting in cessation of filtration. However, the
effectiveness of this technique in producing
a cessation of glomerular filtration in the
presence of diuresis has long been questioned
and some evidence has been presented that
glomerular filtration does not cease complete-
ly (2-4). Differences in the methods utilized
by various workers in establishing stop-flow
may very well account for some of the con-
flicting opinions as to the effectiveness of this
technique. Different diruetics have been used
and the magnitude of the diuresis present
prior to the onset of ureteral obstruction has
varied.

In the present experiments, the extraction
ratio of radioactive Hypaque (%I sodium
diatrizoate) (Egyp,) was examined during con-
trol periods and during stop-flow following
diuresis produced with mannitol or hyperton-
ic saline. RadioHypaque was used in the ex-
periments because it can be measured more
accurately than inulin. It has been shown by
several investigators (5-8) that Hypaque is
similar to inulin in that it is filtered at the
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glomerulus and neither secreted nor reab-
sorbed in the remainder of the nephron. The
extraction ratio of a substance, such as Hy-
paque, that is only filtered, is equal to the
ratio of the GFR/RPF. Under conditions in
which the RPF is not altered, changes in the
extraction ratio can be used as an index to
changes in the GFR. Previous reports indi-
cated that during stop-flow the RPF is not
significantly altered during stop-flow. The ex-
traction ratio of radioHypaque (Egmy,) then
was used as an indirect measure of the GFR.
By measuring Egy, at regular intervals during
ureteral blockade it was possible to assess the
extent to which various diuretics influence
the success of the stop-flow technique.

Methods. Mongrel dogs of either sex rang-
ing in weight from 14-27 kg were anes-
thetized with 25 mg/kg of sodium pentobar-
bital intravenously. After an appropriate
priming dose of Hypaque %I, a sustaining
infusion of Hypaque I was delivered
through the brachial vein at a constant rate
via a Harvard infusion pump. Both kidneys
were exposed through a midline abdominal
incision and both ureters were cannulated
with polyethylene tubing. After intravenous
administration of heparin a polyethylene
catheter was introduced into the right femor-
al vein and guided into the right renal vein to
obtain renal venous blood for measurement
of extraction ratios. A catheter inserted into
the aorta through a femoral artery was used
to record blood pressure and to collect arteri-
al blood samples.

Diuresis was produced by infusion of a
12.5%mannitol solution in seven experiments,
and 3% NaCl in five experiments. The 12.5%
mannitol was made up in saline so that
its osmolar concentration was equal to that
of 3% NaCl. The solution was administered
at a rate of 10-12 ml/min. After a diuresis of
4 ml/min per kidney or more was achieved
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TABLE I. Postocclusion Ureteral and Arterial Pressures during Mannitol and Sodium Diuresis.

Free urine flow Ureteral pressure

Mean arterial pres-

before ocelusion during occlusion sure during ocelusion A-TU gradient
(ml/min) (mm Hg) (mm Hg) (mm Hg)
Mannitol diuresis (7) 54 82 119 37 (69%)
3% Saline diuresis (5) 4.3 70 104 34 (67%)

and a sufficient equilibration period, control
clearances, and extraction ratios of radioHy-
paque were obtained. Following the control
periods, unilateral urinary stasis was pro-
duced by connecting the right ureteral
catheter to a Sanborn pressure transducer.
Starting from the moment of occlusion (zero
time) blood samples were collected simul-
taneously from the aorta and the right renal
vein at regular intervals up to the twentieth
minute of ureteral blockade. Aortic and ure-
teral pressures were recorded continuously
throughout the period of ureteral occlusion.
Following release of the obstruction a recov-
ery period of 15-min duration was allowed
before repeat clearances and extraction ratios
of radioHypaque were obtained from each
kidney. In six separate experiments the same
protocol was used as described above to pro-
duce stop-flow, and renal blood flow was
measured by an electromagnetic flow meter—
before, during and after ureteral occlusion.

Urine and plasma specimens from all
studies were analyzed for Hypaque 3! con-
centration. Radioactivity was measured in an
automatic gamma well counter (Nuclear-
Chicago).

Results. The rate of free urine flow, ureter-
al pressure during occlusion, and mean arteri-
al pressure did not differ significantly be-
tween the two series of experiments (Table
I). The final ureteral pressure averaged 82
mm Hg (range 60-105 mm Hg) when 12.5%
mannitol was infused, and 70 mm Hg (range
55-100 mm Hg) when 3% NaCl was infused.
This difference in ureteral pressure ap-
peared, for the most part, to be a reflection of
the average mean arterial pressure. This, in
general, was higher under mannitol diuresis
(119 mm Hg) than under hypertonic saline
diuresis (104 mm Hg). The final A-U gradi-
ent, i.e., the pressure difference between the
mean arterial pressure and the ureteral pres-

sure during occlusion, did not differ signifi-
cantly between the two sets of experiments.
The latter averaged 37 mm Hg with mannitol
diuresis, and 34 mm Hg with hypertonic
saline diuresis, the difference between those
two values not being statistically significant.
Although the experimental conditions be-
tween the two sets of experiments were quite
comparable, during ureteral blockade there
was a striking and significant difference in
the Egyp during stop-flow. Tables 1T and ITI
show the values for Emy, obtained in each
experimental animal during control periods
and during stop-flow for saline and mannitol
diuresis, respectively. With mannitol diuresis
there was a rapid fall of the Egmy, starting
almost immediately after the onset of ureter-
al blockade and progressing from an average
control value of 0.14-0.02 by the fifth minute
of occlusion, and approaching zero thereaf-
ter. With 3% saline diuresis, the Egy, re-

‘mained relatively high during the entire peri-

od of occlusion, decreasing only from a con-
trol average of 0.18 to an average of 0.14 on
the twentieth minute of stop-flow (Fig. 1).
Direct measurements of the renal blood
flow utilizing an electromagnetic flow meter
were performed in six additional animals. Ta-
ble IV shows the values obtained before and
during ureteral occlusion in four dogs under-
going saline diuresis. During saline diuresis,
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F1c. 1. Average values of Egmy, obtained during
control periods, during ureteral occlusion and during
recovery under diuresis produced with mannitol (7

) expts.) and hypertonic saline diuresis (5 expts.).
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TABLE IV. Effect of Ureteral Occlusion on Renal Blood Flow during Saline Diuresis
(measured with elcetromagnetic flow-meter).

Control

Ureteral occlusion (ml/min)

Recovery
Expt. no. (ml/min) 3 min 7 min 15 min (ml/min)
1 264 200 120 120 NDe
2 180 200 190 200 180
3 106 92 92 92 106
4 120 130 132 126 120
2 Not done.

the effect of ureteral occlusion on the renal
blood flow was a maximum change of 13% in
3 of the 4 cases. In the fourth dog, the renal
blood flow fell progressively throughout the
experiment indicating that the animal’s con-
dition was deteriorating. During mannitol di-
uresis in the two dogs there was a drop in
renal blood flow of 30% or more in each
case. However, the case showing the largest
fall was not technically satisfactory, making
interpretation difficult.

Discussion. The effectiveness of the stop-
flow technique in the localization of the reab-
sorption and secretory processes along the
length of the nephron is based on the as-
sumption that, as a result of increase in the
ureteral pressure during occlusion, glomerular
filtration is completely interrupted. Omachi
and Macey (2) and Taylor and Ullman (3)
showed that substances which are believed to
enter the nephrons only by glomerular filtra-
tion (inulin or creatinine) continued to do so
during ureteral obstruction, not only in the
initial stages but also after the ureteral pres-
sure had attained very high levels. However,
as pointed out by the latter authors, the
concentration of the recovered marker is no
direct guide to the volume of filtrate in which
it was contained. In the absence of any
precise information on the exact time course
of the decline in filtration rate, several as-
sumptions were made in order to calculate
the volume of filtrate formed during a given
interval, based chiefly on the mean plasma
clearances of the injected substances. Thus,
the values presented cannot be considered as
precise measurements. Carrasquer and Bald-
win (4) showed that when creatinine-'*C was
injected in three diuretic dogs after the ure-

ter was obstructed, a significant amount of it
was found in the renal pelvis of the stop-flow
kidney. However, in these studies back pres-
sure was achieved by retroureteral injections
of urine, thus introducing another variable in
the method of the stop-flow technique. The
present experiments showed that the use of a
nonreabsorbable solute as a diuretic is neces-
sary for successful stop-flow.

Different investigators observed both in-
creases and decreases in the renal blood flow
(RBF) following ureteral obstruction. Malv-
in et al. (1) using a rotameter, showed that
there was no significant change in the renal
blood flow in six dogs during ureteral occlu-
sion under mannitol diuresis. Kiil and
Aukland (9), using an electromagnetic flow
meter, showed that renal blood flow remained
constant or increased slightly when ureteral
pressure was increased up to 70-80 cm H,0,
but then decreased to 20-30% of control
values with further increase of ureteral pres-
sure. On the other hand, Thurau (10)
showed that ureteral occlusion in dogs under-
going mannitol diuresis resulted in an in-
crease in the renal blood flow (+27%).
Although there was simultaneous increase in
the interlobular venous resistance, Thurau
(10) concluded that arteriolar dilation must
be of such magnitude as to effect a net increase
in the renal blood flow. Similarly, Selkurt
(11), Gilmore (12), and Nash and Selkurt
(13) showed that elevation of ureteral pres-
sure in dogs undergoing either mannitol or
hypertonic saline diuresis is accompanied by
an increase in renal blood flow. Selkurt
(11), by utilizing both the direct and in-
direct methods of measurement of the renal
blood flow, showed that the average increase
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in blood flow was 38% in six experiments
in which 59 NaCl was used (absolute values
were from a control average of 129-178 ml/
min/kidney). However, in the present experi-
ments, with the marked decrease in Epy,
(approaching zero) shown during ureteral
obstruction in dogs undergoing mannitol di-
uresis, it would be necessary to postulate an
enormous increase in the renal blood
flow in order to assume that the
GFR remains constant or decreases only
slightly. Such an extreme rise in RBF has
never been shown to take place. In our pre-
liminary experiments when the renal blood
flow was measured during mannitol diuresis
in two dogs, decreases were noted. During
ureteral occlusion following saline diuresis, 3
of the 4 cases showed changes ranging from a
reduction of 13% to an increase of 11% in
blood flow. In these experiments, since the
average maximal decrease in Epn,, was ap-
proximately 45%, GFR may have been com-
promised. However, the relatively small
blood flow changes, plus the finding that even
the maximal decrease in Egny, does not differ
significantly from the control value, indicate
that GFR is relatively well maintained under
these circumstances.

Based on findings of Gottchalk and Mylle
(14-16) that increased ureteral pressure re-
sults in increased peritubular capillary pres-
sure, Kiil and Aukland (9) deduced that this
increased pressure is transmitted backward to
the glomerular capillaries, resulting in no
net change in the pressure gradient across the
glomerular membrane. The present study
excludes this possibility since the Egy, differed
significantly with the two types of diuretics.
It thus appears that elevation of the peritub-
ular capillary pressure does not necessarily
result in an identical increase in glomerular
capillary pressure. Similarly, if during ureter-
al obstruction the “nonreabsorbable residue”
becomes reabsorbable because of a leak in
the distal segment as suggested by Winton
(17), or because of a leak in the proximal
tubule as postulated by Taylor and Ullmann
(3), one would expect a similar effect on the
Egyp in both the mannitol— and saline-loaded
animals. The observation that under compar-
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able mean arterial and ureteral pressures, Egyp
approached zero by the fifth minute of occlu-
sion with mannitol diuresis, whereas it re-
mained very high when hypertonic saline was
the diuretic, is highly significant. During
ureteral obstruction, the rising intratubular
pressure can reduce the net filtration across
the glomerular membrane only if a nonreab-
sorbable substance such as mannitol is util-
ized as a diuretic, thus inhibiting the reab-
sorption of fluid in the occluded tubules.
However, if the principal solute in the oc-
cluded tubule can be reabsorbed, as in the
case of saline diruesis, new filtrate will con-
tinue to enter the tubules. This hypothesis is
further supported by the findings of Car-
rasquer and Diana (18) who, by utilizing
various sodium salts of mono- and multiva-
lent anions as diuretics, showed that as the
reabsorbability of the sodium salt increases
the stop-flow filtration increases.

In the case of mannitol diuresis, ureteral
occlusion resulted in a rapid reduction of the
GFR until it ceased almost completely by the
fifth minute of occlusion. The ureteral pres-
sure increased steadily after the onset of oc-
clusion and reached a plateau at about the
same time. Malvin ef al. (19) measured the
glucose T'm during ureteral occlusion, reason-
ing that since the Tm is a function of the
number of intact nephrons at any given mo-
ment, any decrease in the T'm glucose should
be proportional to the number of nephrons
that cease to filter. They showed that when
ureteral pressure was increased to approx-
imately 30% of the mean blood pressure,
there was a very small decrease in Tm glu-
cose. From that point on, however, Tm, glu-
cose fell very rapidly as ureteral pressure was
increased. Since not all of the glomeruli are
perfused at the same pressure, at any given
ureteral pressure above some minimum value
some nephrons will be functioning while oth-
ers will have ceased to filter. In their experi-
ments, when the ureteral pressure was in-
creased to approximately 50% of the mean
blood pressure, most of the nephrons had
ceased to filter. These findings correlate with
those of the present study. Following ureteral
occlusion during mannitol diuresis the GFR,
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although it falls rapidly, does not cease com-
pletely until about the fifth minute of ureter-
al occlusion; this fact must be taken into
account when one undertakes the study of
localization of transport systems along the
tubule. On the other hand, hypertonic saline
diuresis should not be used in such experi-
ments since glomerular filtration continues in
spite of high ureteral pressure because of the
continuing reabsorption of salt water.

Summary. The extraction ratio of radioac-
tive Hypaque (Euy,) was examined during
stop-flow under diuresis produced with man-
nitol or hypertonic saline. In seven dogs un-
dergoing mannitol diuresis Egy, decreased
from a control average of 0.14 to 0.02 by the
fifth minute of ureteral occlusion and re-
mained at or near zero thereafter. In five
dogs undergoing hypertonic saline diuresis
the Eny, decreased only slightly from the con-
trol average of 0.18 and generally ranged
from 0.12 to 0.16 with a value of 0.14 at the
twentieth minute of stop-flow. These experi-
ments indicate that cessation of glomerular
filtration during ureteral occlusion is depen-
dent upon the diuretic agent used. With a
nonreabsorbable solute such as mannitol,
complete cessation of glomerular filtration oc-
curs within a few minutes. With comparable
diuresis produced by saline infusion glomeru-
lar filtration continues in spite of high ureter-
al pressure.

We wish to thank Dr. Charles McCauley for his
advice in the statistical analysis of these data, and
Mr. Thomas Doyle for his technical assistance.
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