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The Renal Clearance of 131JLabeled Meglumine Diatrizoate
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The renal clearance of inulin is the universally accepted measure of glom
erular filtration in man. The chemical quantitation of this substance, however,
is tedious and time consuming. Even in the best of hands, the standard devia
tion for repeated chemical determinations on the same sample of insulin is 4.3
per cent ( 1 ) . In order to simplify the measurement of glomerular filtration rate,
a group of substances believed to be excreted in the same manner as inulin and
labeled with gamma-emitting isotopes have been employed in clearance studies.
These include â€˜@â€˜I(2) and 1251 (3) allyl inulin, vitamin B1257c0 (4), and 1311 la

beled sodium diprotiozoate (Miokon) (5), sodium diatrizoate (Hypaque) (5,6),
meglumine diatrizoate (Renografin) (5,7), and sodium iothalamate (Angio
Conray) (8). The radioactivity of these labeled compounds in plasma and urine,
necessary for the calculation of clearances, can easily and accurately be measured
in a well type scintillation counter.

Renografin â€˜@â€˜I,when first used for radiorenography (9), was thought to
be handled by both glomerular filtration and tubular secretion. Woodruff and
Malvin, however, showed in dogs that the changes in Renografin 1311concentra
tion paralleled those of creatinine in urine obtained from different levels of the
renal tubule during stop-flow studies (5). This inference that Renografin is
handled exactly like exogenous creatinine in the dog, that is, solely by glomerular
filtration, was supported by further data which indicated that the clearance
of a tracer dose of Renografin 131J after a single intravenous injection was equal
to that of continuously infused creatinine, once a small correction had been
made for that fraction of Renografin bound to plasma proteins. Meschan et at
(7), in eleven studies on five dogs, noted that although the average ratio be
tween the clearance of Renografin 1311,given in a single intravenous tracer dose,
and that of inulin, administered by continuous infusion, was 1.01, the ratios
obtained in each separate study ranged from 0.92 to 1.15 when all studies were
considered. This paper reports the results of simultaneous clearances of Reno
grafin 1311 and inulin, both determined by constant infusion techniques, in 15
human subjects.
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MATERIALS AND METHODS

All clearance studies were performed according to the method of H. Smith
(10).Subjectsincludedpatientswith andwithoutrenaldisease,selectedto rep
resent all levels of glomerular filtration rate. Diuresis was induced by oral water
loading and maintained by means of a constant intravenous infusion of lactated
Ringer's solution. The total amount of inulin required for each study was mixed
with 150 @cof Renografin@ having a specific activity which ranged from 150
j@c/mg to 300 pc/mg. The 1311labeled Renografin used in the study contained 2
per cent of unbound iodine three weeks after labeling, as determined by paper
chromatography.1 In 69 clearances, only tracer amounts of Renografin were
utilized. Eight clearances were performed at high plasma concentrations of stable
Renografin by combining the labeled compound with 60 cc of 60 per cent meg

lumine diatrizoate solution. This was then divided into a priming and a sustain
ing dose. Immediately after the administration of the priming dose, the sustaining
infusion was begun and maintained at a rate of 0.494 ml/min. After a 30-minute

equilibration period and the establishment of satisfactory diuresis, 15-minute
sequential urine collections were begun. Peripheral venous blood samples were
drawn six minutes prior to the midpoint of each collection period. Urine was
collected by means of an indwelling Foley catheter when total clearances were
performed, and by the use of indwelling ureteral catheters during split renal

function studies. The resorcinol method (11) was utilized for the chemical de
termination of inulin. The activity of 131J in plasma and urine was measured in
a well type scintillation counter. All samples were counted to a statistical accu
racy of 1 per cent or better.

UV
All clearances were calculated by the formula C = , where C is the

P
plasma clearance in ml/min, V is the minute urine volume in ml/min, U the urine
concentration, and P the plasma concentration. The concentrations of inulin were
expressed in mg/ml, and those of Renografin 1311 in net counts per minute per
milliliter. Although the binding of Renografin to plasma proteins were not deter
mined in this study, a report by Lasser et al (12) indicates that the binding of
diatrizoate by human plasma does not exceed 5 per cent.

RESULTS

The results of 69 clearances of inulin and tracer amounts of Renografin 1311
determined simultaneously on 13 subjects are presented in Table I. The same data
are shown graphically in Figs. 1 and 2. The individual clearance ratios of Reno
grafin 1311/inulin ranged from 0.76 to 1.86, with a mean of 1.04.

Because the use of clearance ratios can be misleading at low glomerular
filtration rates, the data were analyzed by the â€œtâ€•test of paired differences. The
level of signfficance was set at 0.05. Since the probability of the observed â€œtâ€•of
1.41 was approximately 1.7, the mean difference of minus 1.96 mi/min cannot
be considered to be significantly different from zero. Statistically, therefore,

â€˜Paperchromatography was performed by Squibb Laboratories.
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Fig. 2. The average simultaneous clearances of inulin and 1311labeled Renografin, as
determined in 13 subjects.
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Fig. 1. The relationship between 69 simultaneously determined inulin and â€œIlabeled
Renografin clearances as performed on 13 subjects.
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there is no difference between the two methods in either the level or the mag
nitude of clearance.

The results of eight clearances utilizing high plasma concentrations of
Renografin are presented in Table II. These data were not subjected to statis
tical analysis because of the limited number of cases included in this study.
The clearance ratios of Renografin to inulin ranged from 0.87 to 1.04, with a
mean of 0.94.

The data suggest that the clearance of meglumine diatrizoate parallels the
simultaneous clearance of inulin both in tracer amounts and in pyelographic
amounts. This is characteristic of a compound that is handled by glomerular
filtration only.

DISCUSSION

Because of the problems involved in the chemical determination of inulin,
the clearance of this substance has been used only infrequently for the measure
ment of glomerular filtration in man. This function of the kidney is usually
grossly estimated by the level of blood urea nitrogen or serum creatinine. The
endogenous clearance of creatinine, which can be determined readily by simple
chemical means, may be used as an estimation of glomerular filtration rate in
man, but does not always equal that of simultaneously determined inulin.

The availability of substances which are handled primarily by glomerular
filtration and which can be labeled with gamma-emitting isotopes should make
for more widespread use of clearance methods in the study of renal and hyper
tensive disease. Radioactivity in plasma and urine can be measured accurately
in a well type scintillation counter. Moreover, substances which interfere with
chemical determinations, such as high plasma levels of glucose in the case of
inulin, cause no difficulty when radioactive techniques are employed.

Allyl inulin labeled with gamma-emitting isotopes has proven to be a
satisfactory inulin substitute, but at present is not available commercially. Except

for vitamin B1257c0, all other compounds currently used as insulin substitutes
are contrast media which share a basic chemical structure, that of triiodinated
benzoic acid derivatives. Thus, sodium diatrizoate (Hypaque) and methylglu
camine diatrizoate (Renografin) differ only in respect to a side-chain substitu
tion, as do sodium iothalamate (Angio-Conray), and methylglucamine iothala
mate (Conray). Since iothalamate is an isomer of diatrizoate, it is not surprising
that all four compounds are excreted similarly by the human kidney.

The special usefulness of Renografin in the performance of split renal func
tion studies is shown by data obtained from four patients who were investi
gated for the possibility of renovascular hypertension. According to Stamey (13),
the functional disturbance in surgically correctable renal hypertension is exces
sive water reabsorption by the ischemic or, in the case of bilateral disease, the
more ischemic kidney. This is reflected by a higher concentration in the urine
from the ischemic side of substances excreted but not reabsorbed by the kidney,
such as creatine, inulin, para-amino-hippurate or Renografin. In patients No. 4
and No. 8, there was little difference in either the mum or Renografin concen
trations of the urines from the right and left kidneys. No renovascular lesions
were demonstrated by selective renal angiography. Patient No. 2 had labile
hypertension with a minimal lesion of the right renal artery. There was a slight
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TABLE I

THE SIMULTANEOUS CLEARANCES OF INULIN AND 131J LABELED RENOGRAFIN IN MAN
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decrease in urine volume from the right kidney. Because there were no differences
in urine concentrations beteewn the two sides, corrective surgery was not
recommended. In the case of patient No. 6, the inulin and Renografin clear
ances of the right kidney were only slightly less than those of the left, but the
concentrations of both compounds in the urine from the right side were over ten
times those on the left. This was associated with a proportional difference in
urine flows. Bilateral main renal artery lesions were found on angiography, but
divided renal clearances directed attention to the greater functional importance
of the lesion on the right. Surgical repair of the right renal artery was followed
by a prompt fall of the blood pressure to normal levels. The value of Renografin
in split function studies in hypertensive patients suggests that it can be employed
equally well when the same technique is used to measure the functional status
of the presumably normal kidney when removal of a diseased partner is con
templated. It is likely that other clinical uses will be found for Renografin and
similar compounds in the future.

TABLE II

THE SIMULTANEOUS CLEARANCES OF INULIN AND â€˜@â€˜ILABELED RENOGRAFIN IN

MAN, AT HIGH PLASMA CONCENTRATIONS OF MEGLUMINE DIATRIZOATE

C
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SUMMARY

The simultaneous renal clearances of tracer amounts of Renografin 1311and
inulin were determined for both kidneys in eleven, and for each kidney, in four
human subjects. Statistical analysis revealed no significant difference between
the clearances of Renografin â€˜@Iand inulin performed simultaneously. When
the plasma concentration of Renografin was elevated by large doses of stable
Renografin in two subjects, the clearances of inulin and Renografin 1311 were
similar. Renografin@ can be substituted for inulin as a measure of glomerular
filtration rate in man, and is of particular value in the performance of split
function studies.
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