estimate of renal clearance in adults with low renal func-
tion (low X values), while it yields an acceptable approxi-
mation of this parameter in children with similar absolute
clearance values (high X\ values). It is however still to be
determined whether the single-plasma sample method can
be used in children with severe renal failure.

Our choice of the 2-hr distribution volume as parameter
was circumstantial. As a retrospective study, only data
already available could be used. While it is quite probable
that other sampling time could yield even more accurate
results, in our opinion the closeness of the relationship
between 2-hr distribution volume and slope-intercept
clearance observed in this work does not warrant a pro-
spective study, since the population investigated was in-
fants and young children.

For the determination of plasma clearance, the contin-
uous infusion method and single injection with multiple
blood sample technique are the two usually accepted ref-
erence methods. Unfortunately, these methods are rather
unsuitable for routine clinical use in infants and young
children. In this study, the reference value for *'Cr-EDTA
clearance was calculated from the single exponential de-
rived from the results of blood samples at 2 and 4 hr after
injection. Indeed, even if the >'Cr-EDTA in vivo kinetics
are much more complex than a single-compartment
model, a very close agreement has been repeatedly dem-
onstrated between the two-blood sample technique with
the continuous infusion method, multiple blood sampling
technique or inulin clearances (/,2,6,8).

One may ask whether it is justified, in practice, to use
the single-sample technique instead of the well-validated
two-sample method. It is obvious that the supplementary
data derived from additional blood samples could improve
the estimation of renal clearance. However, when dealing
with infants and young children, one less blood sample
not only saves cost and time but also significantly reduces
the physical and psychologic trauma of the patient and
parents. Given the accuracy of the single-sample method,
the application of this method in children is recom-
mended.

Finally it should be noted that the data presented in this

work were based on *'Cr-EDTA. It is still to be demon-
strated that the converting equation presented above re-
mains valid when using other glomerular filtration agents
9mTc-DTPA, '#’I-diatrizoate). Given the difference in dis-
tribution volume, protein binding, etc. slightly different
results could be expected.
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EDITORIAL

Glomerular Filtration Rate in Children: Where We Have Been;

Where We Are Going

n this issue of the Journal, Drs.
Ham and Piepsz present some very
encouraging data on the estimation of
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the glomerular filtration rate (GFR)
in children by the use of a single blood
sample 2 hr after the administration
of 'Cr-EDTA (1). Fourteen years ago,
these same authors published an ap-
pealing method for estimating GFR
from the *Tc-DTPA renogram (2,
3). In these few pages, I would like to

Glomerular Filtration Rate in Children ¢ Shore

review the progress that has been
made over the years in the evaluation
of renal function with radionuclides,
with attention to those considerations
which are unique to children.

A major strength of radionuclide
examinations of the urinary tract is
the evaluation of function. Not only
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are the tracers handled by the kidney
in physiologically specific ways, but
they can also be quantified. Early
work emphasized several parameters
that were derived directly from the
time-activity (renogram) curve, such
as time to peak, although the intrinsic
meaning of these values was limited.
Subsequently, the emphasis shifted to
using radionuclides to determine
those aspects of renal function such as
GFR and effective renal plasma flow
(ERPF) that were already defined by
the renal physiologist and understood
by clinicians. These techniques fall
into two major categories: those that
evaluate renal function from the
quantitative data in imaging studies
and a variety of nonimaging studies
that can either be used alone or com-
bined with imaging.

During imaging studies, differential
renal function can be estimated either
by techniques which measure tracer
uptake early in the examination or by
relative counts on static images ob-
tained much later with cortical radio-
pharmaceuticals. However, it would
be more useful if the function of each
kidney could be expressed not only as
a percentage of the total, but in terms
of individual kidney GFR. In 1977
and 1987, Drs. Piepsz, Ham, and their
co-workers (2,3) described a thought-
ful method for estimating GFR from
the renogram. Based on the premise
that the rate of tracer uptake into the
kidney is the product of clearance and
the plasma concentration, they meas-
ured single kidney GFR as the rate of
tracer uptake in the kidney (slope of
the renogram during the accumula-
tion phase) divided by the plasma con-
centration. They determined the
plasma concentration by the com-
bined use of a blood-pool time-activ-
ity curve calibrated by a single blood
sample at 20 min, which enabled
them not only to account for plasma
concentration, but also changes in it
during the time of data collection.
Although theoretically sound, prob-
lems with their technique included the
inconvenience of a 20-min blood
sample and the need for multiple cor-
rections to account for factors such as
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photon attenuation within the patient
and the relative sensitivities of the
scintillation camera and well counter.
and well counter.

Rather than calculate GFR from
direct measurements of tracer uptake
and plasma concentration, Gates (4)
derived an empiric regression between
tracer uptake and creatinine clearance
that could then be used prospectively
to estimate GFR. This use of an em-
piric regression circumvented the
need for the multiple corrections used
in Piepsz’s technique. Because the
Gates’ formulation divides kidney
counts by the radiopharmaceutical
dosage (syringe counts) rather than
plasma concentration, it implicitly as-
sumes that all subjects must be ap-
proximately the same size. While this
may be an acceptable assumption in
adults, it clearly cannot be assumed
in children, and this has limited its
usefulness in that group. Based on
these two techniques, we have devel-
oped a method designed for use in
children which combined Piepsz’s rec-
ognition of the importance of the
plasma concentration with the sim-
plicity of an empiric method as de-
scribed by Gates (5). Instead of meas-
uring the plasma concentration di-
rectly, we assumed that it should be
directly proportional to dosage and
inversely proportional to body size.
More recent advances in the reno-
graphic estimation of GFR include a
method described by Russell (6),
which corrects for changing blood lev-
els and intrarenal vascular “back-
ground” activity. Intrarenal vascular
background can represent a signifi-
cant contribution to total renal activ-
ity, yet it is not activity that has been
filtered and, therefore, does not rep-
resent function. Further verification
of this technique would be valuable.

Because of its simplicity, the Gates’
method has achieved the most wide-
spread use. There has been a wide
range of reports regarding how well it
works, and these reports are often dif-
ficult to compare because of differ-
ences in the way that results are re-
ported. Some investigators have de-
scribed very poor results with the

method (7). Chachati et al. (8)
claimed a good correlation between
the Gates’ techiique and inulin clear-
ance and concluded that they had val-
idated the method, but in their work
the error of GFR estimation was twice
as great as initially reported (4). Re-
cent reports which compare scinti-
graphic methods to nonimaging tech-
niques based on blood samples reach
similar conclusions that the latter are
more accurate (9,10).

There are a variety of nonimaging
techniques for estimating renal func-
tion. Conceptually, the most easily
understood approach is the use of a
constant infusion to establish a stable
plasma concentration. This concen-
tration combined with a timed urine
collection permits clearance to be cal-
culated by its classic definition. This
is the same technique that is often
used for standard inulin clearances,
and the use of radiotracers simply of-
fers the ease of counting samples com-
pared to the chemical determination
of inulin.

More widely used are those tech-
niques based on tracer kinetics with
plasma disappearance monitored by
samples following tracer administra-
tion. After intravenous injection, the
tracer leaves plasma by two routes:
excretion by the kidney and equilibra-
tion with non-plasma extracellular
fluid. Initially, there is a rapid loss of
tracer from plasma into the extracel-
lular fluid compartment until equilib-
rium is reached. Then, as the plasma
concentration steadily falls with renal
excretion, the tracer is brought back
into the plasma compartment and
tracer concentrations in these two
compartments fall together. This is
the model that the single-injection,
dual-exponential technique is based
upon. It calculates clearance from
blood sample data with the use of
early samples to measure equilibra-
tion with extracellular fluid and later
samples for renal clearance (/7). Al-
though this method is quite accurate,
the need for a large number of samples
has limited this technique primarily
to research use.

If the admittedly oversimplified as-
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sumption is made that there is instan-
taneous equilibration between plasma
and extracellular fluid, then clearance
can be estimated from two or three
blood samples used to calculate the
exponential plasma disappearance
constant and the theoretical volume
of distribution, generally referred to
as the single-exponential technique.
Because this method neglects part of
the denominator included in double-
exponential analysis, it will tend to
systematically overestimate GFR.
This can then be corrected with a
constant applied in either a linear (/2)
or exponential (/3) manner. Some
reports indicate more reliable results
using ultrafiltered samples to elimi-
nate the effects of protein binding
(10), but most investigators have not
found this necessary. These methods
have become widely used, and al-
though their accuracy is not as great
as double-exponential analysis, re-
ports in which several methods have
been compared simultaneously con-
clude that single-exponential analysis
or its modified “two-sample” ap-
proach is acceptably close to the ref-
erence techniques and is significantly
better than methods based on reno-
gram analysis (9).

More recently, the plasma disap-
pearance techniques have been sim-
plified even further, down to the use
of a single sample. Rather than ac-
tually calculate clearance by tracer ki-
netics, the single sample techniques
are based on an empiric correlation
between the degree to which the tracer
is effectively diluted and an independ-
ent measure of clearance. The plasma
concentration at the time of sampling
relative to the radiopharmaceutical
dose defines a hypothetical “volume
of distribution,” which is not meant
to correspond to any real volume, but
rather describes how well the kidneys
have eliminated the tracer from
plasma. Initially, this technique was
used for ERPF with '3'I-hippuran
(14), and more recently it has been
used for GFR with a variety of tracers
including ®™Tc-DTPA (15), '*'I-dia-
trizoate (16,17), and *'Cr-EDTA (I,
18). There is considerable variability

in the sampling times used for GFR
agents, with 2 hr used by Ham and
Piepsz in their study reported in this
issue (7), 3 hr used by Fawdry and
Gruenewald (/5), and Waller et al.
(19) found the best results at 4 hr,
although even their best results with a
single sample were not as good as
those with two samples at 2 and 4 hr.
There also appears to be a difference
in optimal sample times between chil-
dren and adults (20).

There has been relatively little re-
ported usage of the single-sample
techniques in children. Tauxe et al.
examined '*'I-hippuran (20) and '*'I-
diatrizoate (17) clearance, and in this
issue of the Journal Ham and Piepsz
(1) describe their experience with
SICr-EDTA, comparing a 2-hr sample
to simultaneous single-exponential
analysis with two samples. The results
of these studies are encouraging and
actually appear better than expected
based on the adult studies mentioned
above.

My only desire with regards to these
reports is that I would prefer to see
the results expressed in terms of ERPF
or GFR normalized for body surface
area (normalized GFR), since these
are the units that are of use clinically.
Although they may initially seem
equivalent, there are two different
ways that normalized GFR can be
estimated (5). One way would be to
estimate GFR and then normalize
that result. The other would be to
estimate normalized GFR directly,
which could be accomplished by a
regression between the volume of dis-
tribution normalized for surface area
and an independent measure of GFR
also normalized for surface area.
There are several reasons why this
approach might be preferable. The
first relates to the y-intercept of the
regression formula. This has an in-
creasingly large contribution in small
children, and we have found it to limit
our ability to use the Tauxe (20) for-
mula in very small children with sig-
nificantly impaired renal function. In
that formula,

ERPF = 19.33 + (3.78 X V),
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where V is the hypothetical “volume
of distribution.” The y-intercept of
this regression, 19.33 ml/min, may
seem small, but in small children it
represents a relatively greater contri-
bution to ERPF, and in some of our
smallest children with poor renal
function, the intercept alone formed
the largest contribution to their
ERPF. If the regression were in terms
of normalized ERPF, then the contri-
bution of the intercept would be the
same for everyone, and it would not
be unduly magnified in small children
for whom there is a large multiplica-
tion factor used to convert standard
to normalized GFR or ERPF.

This problem with the intercept is
only one aspect of a generalized prob-
lem which is that the goal and math-
ematical function of any regression
formula is to minimize the error for
the quantity of interest. Since we are
actually interested in the estimation
of normalized GFR, we may as well
try to minimize that error. For ex-
ample, in our work with estimating
GFR from the renogram, we found
that even though there was a higher
correlation for estimating GFR than
normalized GFR, the latter served to
estimate normalized GFR more ac-
curately. This was particularly appar-
ent in those children below 10 kg for
whom the error of prediction was
twice as great if GFR were first esti-
mated and that result was then nor-
malized for body surface area, as com-
pared to using a direct regression for
normalized GFR. Additionally, ex-
pressing results directly as normalized
GFR would allow us to more easily
assess the ability of these methods to
estimate renal function without the
compounding effects of variation in
subject size. Suppose, for example,
that a method of “estimating GFR”
did nothing other than predict that
everyone had the mean normalized
GFR for that population. If we plotted
out the results in terms of normalized
GFR, it would be clear that we pre-
dicted only the mean, and that our
flat line “regression” explained none
of the population variance about the
mean. But now suppose that for the
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same method we were to plot out the
results in terms of simple GFR, not
normalized for surface area. We
would now get a plot that had the
smallest children near the origin and
the larger children in the upper right
hand part of the graph. There would
be some variation around the line due
to unaccounted for variation in actual
renal function (normalized GFR), but
that component of variance due to
variation in patient size would still
leave us with a clear correlation be-
tween actual and “predicted” GFR.
How high this correlation would be
depends on the relative variance of
subject size and renal function. In the
case of the current report by Ham and
Piepsz (1), it is highly unlikely that
their excellent results are an artifact
of variation in subject size, since the
regressions were not drawn across the
entire pediatric age group, but rather
were broken into six age groups, and
within each of these, the correlations
were still excellent.

So where have we been and where
are we going? There are a large num-
ber of techniques for estimating GFR
and ERPF, the multiplicity of which
is a striking tribute to the probability
that none have been ideal. Piepsz,
Ham et al. (2,3) provided us with one
of the theoretically best approaches to
estimating GFR from the scinti-
graphic data, although some of its
complexities have prevented wide-
spread utilization. More recent meth-
ods, which include correction for in-
trarenal vascular activity (6), are of
great interest and further validation
would be desirable. In general, how-
ever, scintigraphic methods have not
been found to be as accurate as the
blood sample methods, and there is
growing consensus that the blood
sample methods are the preferred
way of measuring renal function.
Although not quite as accurate as
double-exponential analysis, the
“two-sample” or modified single-
exponential techniques are quite de-
pendable and coupled with their rela-
tive ease of performance can be rou-
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tinely utilized in most clinical settings.
To simplify this even further to a sin-
gle sample would also be desirable,
and the current study by Ham and
Piepsz (1) suggests its plausibility. If
these findings can be substantiated
not only with 'Cr-EDTA but also
with ®"Tc-DTPA, then we may fi-
nally have an easy and accurate
method of evaluating single kidney
GFR, with differential function de-
rived from the renogram, and total
GFR from a single sample. This
sounds good enough to suspect that it
would also be a system to which every-
one could agree and that finally there
would be uniformity on the way that
studies are performed. If this were a
few years ago, it may have been true,
but now we will have another choice
to make: whether to use *"Tc-DTPA
for its GFR data or switch to ®™Tc-
MAG:;. It appears that our ability to
finally derive a simple and accurate
method for estimating GFR may be
outstripped by our ability to create
new radiopharmaceuticals and there-
by change the rules.

Richard M. Shore
The Children’s Memorial Hospital
Chicago, Illinois
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