
very strong and therefore not easily hydrolyzable. We are puz
zled by this ourselves.

HPLC analysis of 99mTc(NaBH@)MDP at no carrier added
level has shown only one peak. The results of our HPLC
analysis using a DEAE ion exchange column* on @mTc
(SnCl2) MDP suggested entrapment, followed by a slow re
lease ofthe radioactivity from the column. Therefore, although
it may appear naive, we had no other choice but to use electro
phoresis for analysis and to try to find different conditions that
only one peak produced. Of course the number of experiments
for finding such different conditions were limited; however
there are always more experiments to be performed. In addi
tion in a true oxygen free environment, SnCl2 should be stable
indefinitely, and therefore Sn should not age.

We agree that the pH of the solvent will effect the charge on
the 99mTc(Sn) MDP complex. However since we used 0. 1 N
acetate buffer (solution) pH = 7.0 as the electrophoresis sol
vent and standardized each test such that only 1.0 @ilof the
labeled MDP (0.02M) solution was added to the electropho
retic paper saturated with 0. 1 N acetate buffer at pH = 7, we
expect the pH remains at 7 or very close to it. In fact by using
colored solution, we estimated the area of the acetate saturated
paper that 1.0 @lof MDP would effect to be 0.4 cm2. We
measured the acetate content of this area to be 20 @zl.If we
assume that the 1.0 @dof MDP and 20 @iLof acetate will mix
on the paper, the variation of pH would be between 6.7-7.1
with the addition of MDP at pHs between 4.5-7.5.

Our titration of MDP confirmed the results found by others
that MDP has pKa3 7. The titration curve, however showed
that over the range of pH 6â€”8,MDP is present with a -2 or -3
charge as competing anions (not cations), and therefore at pH
above 6 very little but nevertheless some MDP3 is present. We
thought MDP3 may have higher formation constant than
MDP2 for complexing with either Sn or Tc and although at pH
= 6.5 the mass amount of MDP3 is less than MDP2, it is

enough to bind to all the technetium present.
We do know that the Squibb kit contains ascorbic acid. We

think that ascorbic acid may also disrupt the MDP complex
formation. The additional peak E demonstrated in these kits is
probably associated with this.

Finally since completion of this study, we have prepared our
â€œinhouseâ€•MDP kit at pH = 7.0 and lyophilized them for 3
days (at 25Â°Cand 45 mtorr). We have not noticed any liver
uptake in the bone scans in our clinical laboratory using these
kits and electrophoretic analysis has shown absence of peaks A
and B.

FOOTNOTE

tWater Assoc. , Milford, MA.

References

1. Najafi A, Hutchinson N: Electrophoretic analysis of differ
ent technetium-99m (SnC12)methylene diphosphonate com
plexes. J Nucl Med 26:524â€”530,1985

A. Najafi
N. Hutchinson
University of Texas Med. Branch
Galveston, Texas

Measurement of Glomerular Filtration Rate
Using Thclmetium-99m DTPA

Recently Gates (1, 2) proposed a simple technique for mea
suring glomerular filtration rate (GFR) without blood samples.
In patients who were undergoing technetium-99m diethylene
triaminepentaacetic acid ([@mTc]DTPA)renography total GFR
values were computed from the data stored in a computer
during the early period of the study by reference to a calibra
tion curve. The calibration curve was derived from data on
patients who had undergone [@mTc]DTPArenography and had
GFR measured by one of the established techniques, e.g. , the
one-injection-two blood sample technique of Brochner-Mor
tensen (3). Unlike a similar method proposed by Lee et al. (4)
Gates' technique required no additional images to those ac
quired for routine renal studies and the only additional require
ment was the counting of a [99mTc]DTPAstandard made up
from the vial used for injection.

Gates' method of deriving GFR is based on his finding that
there is a strong correlation (r = 0.97, n = 51 Sy.x = 7 ml/
mm) between the percentage of [99mTc]DTPAin the kidneys
during the early phase of the renogram and GFR. To calculate
the percentage renal uptake it is necessary to allow for gamma
ray attenuation by tissues overlying the kidneys which in turn,
requires a knowledge of kidney depth. Gates suggests that
kidney depth may be predicted with sufficient accuracy using a
relationship, proposed by Tonnesen et al. (5) between patients
weight/height (wlh) ratio and kidney depth. This latter rela
tionship was derived from ultrasound measurements.

We have attempted to confirm Gates' finding but obtained
poor correlation between percentage [99mTc]DTPAuptake and
GFR both in adults (r = 0.37, n = 32, Sy.x = 23 ml/min.) and
in children (r = 0.53, n = 32, Sy.x = 18 ml/min.). This lack
of correlation is not due to labeling deficiency as the average
labeling efficiency of the [@mTc]DTPAwas greater than 98%.
The lack ofcorrelation may be due to the inaccuracy in predict
ing kidney depth from the regression equation of Tonnesen et
al. Tonnesen et al. did not quote a standard error on their
regression equations relating w/h ratio to kidney depth but a
correlation coefficient of r = 0.865 suggests that it is substan
tial. In our institution a study comparing kidney depth mea
surements obtained by the w/h ratio of Tonnesen et al. and
depth measurements obtained by skin-surface marker to center
of [@mTcIDMSAactivity in each kidney yielded a standard
error of 2 cm. With our camera-collimator system (GE 400T)
this difference would yield a 33 % error in renal uptake for a
commonly found kidney depth of 6 cm.

In conclusion, therefore, we suggest that GFR measure
ments obtained by the method of Gates are unreliable unless an
accurate means of measuring kidney depth is utilized.
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REPLY: The letter ofGinjaume and associates, â€œMeasurement
of Glomerular Filtration Rate Using Technetium-99m DTPA,â€•
is basically concerned with two issues: (a) Can the glomerular
filtration rate (GFR) be predicted by knowing the percent of
administered technetium-99m diethylenetriaminepentaacetic
acid ([@mTc]DTPA)accumulating within the kidneys at a spe
cific time after injection; and (b) What effect does depth cor
rection have on the accuracy of GFR measurement, and how
should renal depth be determined.

Lee et al. (1) conclusively demonstrated the relationship of
renal [99mTc]DTPAuptake, expressed as a percentage of in
jected dose, with GFR as determined by chromium-51 ethy
lenediaminetetraacetic acid ([51CrJEDTA) clearance; their cor
relation (r) was 0.9634 with the standard error being 8 ml/min.
My technique (2) similarly showed the relationship of
@99mTc]DTPAuptake, also expressed as a percentage of in

jected dose, with GFR as measured by creatinine clearance;
the correlation (r) was 0.97, and the standard error was 7.0 ml/
mm. Shore et al. (3) basically reproduced these results in a
pediatric population where the correlation (r) between renal
tracer uptake and GFR as measured by clearance of
@99mTcJDTpAwas 0.935 with a mean residual of 7. 1 ml/min.

Thomas et al. (4) have used a modification of this technique to
compute a correlation (r) of 0. 88 when comparing scinti
graphically determined GFR with plasma clearance of
[99mTcJDTPAin rats. A prospective analysis of my formula in
two different patient populations has shown a correlation (r)
between predicted and actual GFR (creatinine clearance) to be
0.91 (5) and 0.99 (6, 7). The former value was obtained by
Long (5) using glucoheptonate.

Depth correction has been used by many of the authors. Lee
(1) measured renal depth from a lateral scintigram, Shore (3)
measured it by ultrasound, while Long (5) and I (2) used the
formulae of 1$ineson et al. (8) for renal depth estimation.
Depth correction improves the accuracy of this test, as I dis
cussed in my original publication (9); the correlation (r) be
tween percent renal uptake of [99mTc]DTPAand GFR (creati
nine clearance) dropped to 0.878, and the standard error
increased to 13.6 ml/min., when the depth correction was
omitted. 1@ineson'smethod of estimating renal depth from a
patient's height and weight, while not perfect, has been used

successfully by Schlegel et al. (10, 11) for many years when
estimating effective renal plasma flow (ERPF) and GFR, and
as used in the series that I originally reported (9) (and not cited
by Ginjaume et al.) was shown to improve test accuracy.

I cannot explain the poor results of Ginjaume when correlat
ing percent renal @99mTc]DTPAuptake with GFR. Their corre
lation (r) of 0.35 would suggest that there is little, if any,
meaningful relationship between these two variables. It is too
bad that they did not mention what their results were when
omitting depth correction or when using values obtained from
either lateral scintigrams or ultrasound. However, at least six
groups of investigators (1-5, 11) have independently shown
the relationship of percent renal [@9mTc]DTPAuptake and GFR
to be valid. Furthermore, renal depth correction using the
formula of 1$ineson has been used successfully by three of
these investigators.(2, 5, 11) Quantitative renography is a de
manding technique. Some common sources for error include:
(a) too large a dose of tracer resulting in inaccurate pre-injec
tion syringe count determinations; and (b) inaccurate transmis
sion of syringe count information from camera to computer
resulting in a significant loss of data. No information is sup
plied by Ginjaume regarding dose or computer-camera quality
control.

I am concerned that the first paragraph in the letter implies
that I have used some sort of â€œcalibrationcurveâ€•which was
â€œderivedfrom data on patients who had undergone
[@â€œTc]DTPArenography and had GFR measured by one of the
established techniques . . .â€œ.Perhaps this was used by Gin
jaume to compute GFR but certainly is not part of my method.
Contrary to the author's final sentence in the first paragraph, I
have never advocated or used a â€œrequirementâ€•of â€œcounting
. . . a [99mTc]DTpA standard made up from the vial used for

injection.â€•The procedure which I have reported is rapidly
performed, accurate, and highly reproducible. It does yield
clinically useful information and allows one to swiftly perform
split renal function testing with the final results in absolute
values (i.e. , ml/min) of GFR.
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