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Feasibility of Estimating Glomerular Filtration Rate
in Children Using Single-Sample Adult Technique
Hamphrey R. Ham and Amnon Piepsz
Department of Nuclear Medicine, Saint Pierre Hospital, Free University of Brussels, Brussels, Belgium

This work was undertaken to verily whether a single-sample adult
technique, when applied using body surface-corrected plasma
concentration, can be used in place of specific pediatrie method to
estimate 51Cr-EDTA renal clearance in children. Methods: In a
series of 90 children (aged 0.1 to 15 yr), 51Cr-EDTA renal clearance

was calculated using four different approaches. The first approach
used specific pediatrie single-sample methods; three techniques
were chosen and they all used 120-min plasma concentration. The
second approach used the same three specific pediatrie methods,
but they were applied using 120-min plasma concentration pres-
caled for 1.73 m2 body surface area. The third approach used
single-sample methods designed for adults; three methods were
again chosen. They all used 240-min plasma concentration. The
fourth approach used the same adults algorithms, but they were
applied using 240-min plasma concentration prescaled for 1.73 m2

body surface area. Results: Clearances calculated using the three
specific pediatrie methods were all closely cross-correlated regard
less of whether or not the plasma concentration was prescaled. The
use of classical adult methods produced in some cases obviously
erroneous clearance values. Improvements were observed when
the same adult methods were applied using prescaled plasma
concentration. Nonetheless, the clearance values obtained only
fairly correlated with those obtained using specific pediatrie meth
ods. Conclusion: The single-sample adult technique using plasma
concentration prescaled for 1.73 m2 body surface area cannot be
used in place of a specific pediatrie single-sample method to
estimate 51Cr-EDTA renal clearance in children.

Key Words: glomerularfiltrationrate; single-bloodsample method;
pediatrics
J NucÃMed 1996; 37:1805-1808

Ahe single-sample method is now widely used for estimating
renal clearance. Depending on the tracer used, equations have
been determined which allow the conversion of a distribution
volume at a predetermined time into an estimate of renal
clearance (7-9). Specific pediatrie equations also have been
developed (10-13). While all these methods give satisfactory

results, the requirement of using different methods when
dealing with adults or children has motivated the search for an
age- independent technique (14-16). Within this scope, the
approach of Bubeck et al. (15,16) was very attractive, especially
because of its simplicity. They used 99mTc-MAG3 (15,16) to

show that adult formulas can be used in children by scaling
down the plasma concentration for body surface areas. They
claimed that this principle was applicable for any radiotracer
even if, unless we are mistaken, no validation for a glomerular
agent has been reported so far.

This work was undertaken to verify whether the single-
sample adult technique using plasma concentration prescaled
for 1.73 m2 body surface area could be used in place of a

specific pediatrie single-sample method to estimate Cr-EDTA
renal clearance in children.
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MATERIALS AND METHODS

Patients
Ninety patients were selected from our single injection (two

blood samples) 51Cr-EDTA database (12) based on the following

criteria: the patient was less than 15 yr old; the first blood sample
was taken between 110 and 120 min after intravenous injection of
the tracer; and the second blood sample was obtained between 235
and 240 min after tracer administration.

Estimates of Chromium-51-EDTA Clearance
Chromium-51-EDTA renal clearance was estimated using four

different approaches. The first used specific pediatrie single-
sample methods. Three techniques were chosen: (a) Groth and
Aasted method (10), (b) Tauxe et al. formula (77), and (c) Ham and
Piepsz converting equation (12). All three of these methods used
the 120-min plasma concentration. Detailed descriptions of these
algorithms are presented in the Appendix. The second approach
used the same three specific pediatrie methods, but they were
applied using the 120-min plasma concentration prescaled for 1.73
m2 body surface area. The third approach used single-sample

methods designed for adults. Three methods were chosen: (a)
Morgan et al. converting equation (2), (b) Tauxe et al. formula (3),
and (c) Christensen and Groth method (5). These three methods
used the 240-min plasma concentration. Detailed descriptions of
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TABLE 1
Comparison of Clearances Estimated Using Specific

Pediatrie Methods

Method
Mean of

differences
s.d. of

differences

Cross-comparisons between specific

pediatrie methods
Groth and Aasted-Tauxe et al. -0.84 7.34
Groth and Aasted-Ham and Piepsz 1.11 7.39
Tauxe et al.-Ham and Piepsz 1.95 1.53

Comparisons between specific pediatrie
methods applied using prescaled or
unsealed plasma concentration

Groth and Aasted : prescaled-unscaled -3.11 4.40
Tauxe et al. : prescaled-unscaled -0.19 1.91
Ham and Piepsz : prescaled-unscaled -0.50 0.37

these algorithms are also presented in the Appendix. The fourth
approach used the same adult algorithms, but they were applied to
the 240-min plasma concentration prescaled for 1.73 m2 body

surface area.

Statistical Analysis
Analysis consisted of comparing the results obtained by the

different methods. Pair-wise comparison was performed by calcu
lating the mean of differences to assess bias and the s.d. of
differences to assess agreement between the two methods (17).

RESULTS
The children selected were aged 0.15-14.93 yr. All age

groups were represented (mean = 5.40 yr; s.d. = 4.46 yr). The
estimated clearance values ranged from 34 to 186 ml/min/1.73
m2.

The cross-comparisons between the results obtained by the
three specific pediatrie methods are presented in Table 1. The
three methods were all closely cross-correlated. The s.d. of
differences ranged from 1.5 to 7.4 ml/min/1.73 m2.

When the specific pediatrie methods were applied using the
120-min plasma sample prescaled for 1.73 m body surface
area, the results were also closely correlated. The s.d. of
differences ranged from 1.3 to 8.2 ml/min/1.73 m2. The results

were also closely correlated with those without prescaling
(Table 1). For the same method, the s.d. of differences between
the results obtained with and without prescaling was less than 5
ml/min/1.73 m2.

When adult formulas were applied to unsealed plasma
concentration, the results varied depending on the method used.

Use of the Morgan or Tauxe formula resulted in obviously
erroneous clearance values of up to 338 ml/min/1.73 m2 in

some patients.
Use of the Christensen equation resulted in estimated clear

ances ranging from 33 to 162 ml/min/1.73 m2, which were

similar to those obtained using the specific pediatrie methods.
On an individual basis, however, some important discordances
existed between the results of the Christensen adult formula and
those of specific pediatrie methods (Fig. 1A).

Improvement was observed when the Morgan and the Tauxe
formulas were applied to the body surface area corrected
plasma concentration. No more obviously erroneous clearance
values were observed. On an individual basis, however, the
clearance values obtained were not always close to those
obtained using specific pediatrie methods. The s.d. of differ
ences ranged from 12.8 to 19.6 ml/min/1.73 m2 (Table 2).

For the Christensen and Groth adult equation, no improve
ment was observed when the method was applied using the
prescaled plasma concentration (Fig. IB). The s.d. of differ
ences with the results of Groth and Aasted specific pediatrie
method was 10.7 ml, when the Christensen and Groth adult
method was applied using unsealed plasma concentration, and
was 13.3 ml when the method was applied using prescaled
plasma concentration.

DISCUSSION

Single Blood Sample Method: Validity and Limitations
When first proposed for measuring OIH clearance by Tauxe

et al. in 1971 (1), the single blood sample method was viewed
skeptically. Indeed, while it is straightforward to deduce that
plasma concentration of a renal tracer at different times after
intravenous injection is influenced by the level of renal clear
ance, it is also reasonable to think that the same plasma
concentration is also affected by body size. Because people do
have different body sizes, plasma concentration could only be
loosely related to the renal clearance. Given that the shape of
the plasma disappearance curve of a renal tracer is roughly
biexponential, for a given tracer, there is an optimal time during
which the relation between plasma concentration and renal
clearance is close and is only minimally influenced by body
size. Therefore, based on plasma concentration at this time,
renal clearance can be estimated satifactorily.

In the last two decades, the validity of Tauxe's approach has

been confirmed repeatedly, and the same approach has been
extended to other radioactive tracers (2-8) and to radiocontrast
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FIGURE 1. Resultsfrom an adult method
were plotted against results of a specific
pediatrie method (A). Continuous straight
lines correspond to the lines of identity.
Fair agreement was observed. The s.d. of
differences was 10.7 ml/min/1.73 m2. No

improvement was observed when the
same adult method was applied using
prescaled plasma concentration (B). The
s.d. of differences was 13.3 ml/min/1.73
m2.
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TABLE 2
Comparison of ClearancesEstimatedby Specific Pediatrie

Methods Using UnsealedPlasmaConcentration
and Adult Methods Using Prescaled

PlasmaConcentration

PediatriemethodGroth

and Aasted
Groth and Aasted
Groth andAastedTauxe

et al.
Tauxe et al.
Tauxe etal.Ham

and Piepsz
Ham and Piepsz
Ham and PiepszAdult

methodMorgan

et al.
Tauxe et al.
Christensen andGrothMorgan

et al.
Tauxe et al.
Christensen andGrothMorgan

et al.
Tauxe et al.
Christensen and GrothMean

of
differences-9.47

-12.97
-3.70-8.63

-12.14
-2.86-10.58

-14.09
-4.81s.d.

of
differences16.52

13.28
12.8119.65

13.73
17.1919.50

13.52
17.16

agents (18,19). Specific methods for the pediatrie population
have also been developed (9-13).

Still, the single blood sample method has its limitations. It is
inaccurate for estimating reduced renal function (20,21). It is
purely empirical; therefore, extrapolation to extreme values
could result in inconsistencies (16,22). The need for different
equations when dealing with adults or with children also
constitutes a limiting factor, not only in developing a new
equation for a new tracer but also when applying an established
method in clinical practice (14-16). For these reasons, the

approach described by Bubeck et al. (15,16) is particularly
attractive. It is simple because it consists of only scaling down
the plasma concentration for a body surface area of 1.73 m2. It

promises an increase in accuracy for low renal function, and
some physiologically inconsistent results for extreme values
would be corrected. Moreover, the same equation can be used
for both children and adults. Bubeck et al. (15,16) have shown
that the above factor were fulfilled for 99mTc-MAG3. They

claimed that the same principle was applicable for any other
tracer, but no data have been presented yet to substantiate it.

Estimation of Chromium-51-EDTA Clearance in Children
Using Single-Sample Adult Method

In this work, 51Cr-EDTA renal clearance in a series of
children was estimated using specific pediatrie methods (10-

12) and the converting equation developed for adults (2,3,5)
applied to both body surface corrected and uncorrected plasma
concentration.

As expected, close agreement was observed between the
results of the three specific pediatrie methods, regardless of
whether or not the plasma concentration was prescaled. The
rather bad results of Morgan and Tauxe adult equations, applied
as such to pediatrie data, were also not surprising, as they have
been designed for adults and not for children. The performance
of the Christensen adult formula, on the other hand, was quite
interesting. By using this method, no more obviously erroneous
results were obtained. It could be due to the fact that in the
unsealed Christensen equation there was no constant factor that
could be erroneously amplified when the clearance result was
normalized to 1.73 m2 body surface area.

When the Morgan and the Tauxe adult methods were applied
to the body surface corrected plasma concentration, they pro
duced results within the expected ranges. Nonetheless, the
agreement between the results obtained and those of specific
pediatrie methods was still not as close as the agreement
between specific pediatrie methods. The smallest s.d. of differ
ences between a prescaled adult and a specific pediatrie method

was 12.8 ml/min, whereas the largest s.d. between the differ
ences of two pediatrie methods was 7.4 ml/min. Using the
Christensen adult method, the prescaling of plasma concentra
tion did not improve the results.

The exact reason why the Bubeck approach works well on
MAG3 and not on 5lCr- EOT A is still to be determined. One

reason could be the difference in the shape of the plasma
disappearance curve. The single-sample method is based on the
existence of a time window during which plasma concentration
is closely related to the renal clearance. Outside this time
window, the plasma concentration is only fairly related to the
renal clearance. For 99mTc-MAG3, the time window is around
40 min for both adults and children (8,13). For 5ICr-EDTA,

however, the time window in children (between 90 to 120 min)
is different from that in adults (between 180 to 300 min)
(2-6,10-12). In children, the 120-min plasma concentration is

closely related to renal clearance. The relationship between the
240-min plasma concentration and renal clearance is, on the
other hand, not close enough, precluding its use to estimate
51Cr-EDTA clearance accurately. Prescaling to 1.73 m2 body

surface area of this plasma concentration does not modify this
relationship.

The single blood sample method is often criticized for being
empirical. The results in this work indicate that a more
physiologically tailored approach does not necessarily produce
better results. This observation is not unusual in biology and
medicine, in which empirical models often perform better than
conceptual models because our knowlegde of biological sys
tems is often incomplete. Conceptual models are often incorrect
because many important but unknown factors are not included
in the model.

CONCLUSION
The results of this work suggest that the single-sample adult

technique using body surface corrected plasma concentration
cannot be used in place of specific pediatrie single-sample
methods for the estimation of "'Cr-EDTA renal clearance.

APPENDIX

Methods Used for Estimating Renal Clearance
The following abbreviations were used:

Cl = estimated clearance expressed in ml/min/1.73
m2.

BSA = body surface area (m2).

VD, (1) = distribution volume at time t expressed in

liters.
= (administered dose)/(activity in 1 liter of

plasma at time t).
VD, (ml) = distribution volume at time t expressed in

mililiters.
= (administered dose)/(activity in 1 mililiter of

plasma at time t).
VD, (1) * BSA = VD,(1) scaled for body surface area.

= VD, (1)-(1.73/BSA).
VD, (ml) * BSA = VD,(ml) scaled for body surface area.

= VD, (ml)*(1.73/BSA).

Specific Pediatrie Methods Using 120-Minute Sample
Groth and Aasted Method (10):

-In

Cl =

ECV

VD, (ml)
X ECV X 1.73

t X g(t) X BSA
Eq. Al
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where t = anytime between 90 to 120 min after injection, ECV =
5867 X (BSA)"7"2 and g(t) = 1.01 e'-"000" " + 0.538 eÂ«'0-0178Â».

Tauxe et al. formula (U):

Cl = [1.15 + 2.5 VD,2o(l) +0.0024 [VC,2o(I)]2] X 1.73
BSA'

Eq. A2

When the blood sample was not taken exactly at 120 min, a small
correcting factor was introduced:

A|20 = A(t, X e(0008Kt-120), Eq.A3

where t was the blood sampling time and A(t) was the plasma
concentration at that time. VD|20(1) was then calculated using A12o-

Ham and Piepsz Converting Equation (12):

Cl = [2.602 VC,2o(l) - 0.273] X 1.73
BSÃ„4 Eq. A4

The same correction as above was performed when the blood
sample was not taken exactly at 120 min.

Specific Pediatrie Methods Using 120-Minute Sample
Scaled for 1.73 m2 Body Surface Area

Note: as the plasma concentration was prescaled for BSA = 1.73
m2, the clearance results were directly expressed in ml/min/1.73
m2. No further correction was required.

Groth and Aasted Method (10):

-In

Cl =

ECV

VD,. BSA (ml)
XECV

Eq. A5
t X g(t)

where ECV = 5867X(1.73)' 1792and t and g(t) were the same as

described above.
Tauxe et al. Formula (11):

Cl = 1.15 + 2.5[VCi2â€žX BSA(l)] + 0.0024[VD120 X BSA(l)]2.

Eq. A6

Ham and Piepsz Converting Equation (12):

Cl = 2.602[VD,2o X BSA(l)] - 0.273. Eq. A7

Adult Formulas Using the 240-Minute Sample:
Morgan et al. Converting Equation (2):

Cl = [-7.63 + 1.63[VD240(l)]-0.0043[VD24n(l)]2] X 1.73
BSA'

Eq. A8

When the blood sample was not taken exactly at 240 min, a small
correcting factor was introduced:

A240= A(t) X gÂ«0-008Â»Â«-240Â», Eq. A9

where t was the blood sampling time and A(t) was the plasma
concentration at that time. VD240(1)was then calculated using A240.

Tauxe et al. Formula (3):

Cl = i 138.9 [l - e[-0.0.69(VD240<.)-.0.7)]l x 1^1 Â£q

DoA

The same correction as above was performed when the blood
sample was not taken exactly at 240 min.

Chris tensen and Groth Method (5):

Cl =

ECV l~ln wr. , n x ECV X 1.73
[VD240(ml)J

t X g(t) X BSA

where t = plasma sampling between 180 and 300 min, g(t) =
(0.0000017t - 0.0012)(Cl-0.000775t + 1.31) and ECV = 8116.6
(BSA) - 28.2.

Adult Formulae Using the 240-Minute Sample Scaled for
1.73 m2 Body Surface Area

Morgan et al. Converting Equation (2):

Cl = - 7.63 + 1.63 VD240 X BSA(l)

- 0.0043Ã•VD240 X BSA(l))2.

Tauxe et al. Formula (3):

Cl= 138.9[1 -

Christensen and Groth Method (5):

ECV

Cl =

[ ECV I~ln LVD240X BSA(ml)J X ECV

t x g(t)

where ECV = 8116.6 X (1.73) - 28.2.

Eq. A12

Eq. A13

Eq. A14

Eq. All

REFERENCES
1. Tauxe WN. MÃ¤herFT, Taylor WF. Effective renal plasma flow: estimation from

theoretical volumes of distribution of intravenously injected ml orthoiodohippurate.
Mayo Clin Proc 1971:46:524-531.

2. Morgan WD. Birks LJ, Sivyer A, Chose RR. An efficient technique for the
simultaneous estimation of GFR and ERPF, involving a single injection and two blood
samples. Im J NucÃMed Biol 1977;4:79-83.

3. Tauxe WN. Glomerular nitration. In: Tauxe WN, Dubovsky EV, eds. Nuclear
medicine in clinical urology and nephrology. Norwalk: Appleton-Century-Crofts;
1985:61-76.

4. Tauxe WN. Determination of glomerular filtration rate by single plasma sampling
technique following injection of radioiodinated diatrizoate. J NucÃMed 1986:27:45-50.

5. Christensen AB, Groth S. Determination of "^Tc-DTPA clearance by a single plasma

sample method. Clin Physio! 1986;6:579-588.

6. Waller DO. Keast CM. Fleming JS, Ackery DM. Measurement of glomerular filtration
rate with 1>9mTc-DTPA: comparison of plasma clearance techniques. J NucÃMed

1987:28:372-377.

7. Russell CD, Bischoff PG, Kontzen FN, et al. Measurement of glomerular filtration
rate. Single injection plasma clearance method without urine collection. J NucÃMed
1985;26:1243-1247.

8. Russell CD, Taylor A, Eshima D. Estimation of technetium-99m-MAG3 plasma
clearance in adults from one or two blood samples. J NucÃMed 1989;30:I955-I959.

9. Tauxe WN. Hagge W. Stickler GB. Estimation of effective renal plasma in children by
use of a single plasma sample after injection of orthoiodohippurate. In: Dynamic
studies with radioisotopes in medicine, vol I. Vienna: International Atomic Energy
Agency 1974:265-275.

10. Groth S, Aasted M. Chromium-51-EDTA clearance determined by one plasma sample
in children. Clin Physiol 1984;4:75-83.

11. Tauxe WN, Bagchi A, Tepe PG, Krishnail PR. Single-sample method for the
estimation of glomerular filtration rate in children. J NucÃMed 1987:366-371.

12. Ham HR. Piepsz A. Estimation of glomerular filtration rate in infants and in children
using single plasma sample method. J NucÃMed 1991:32:1294-1297.

13. Piepsz A, Gordon l, Hahn K, Kilinska J, Kotzerke J, Sixt R. Determination of the
y4mTc-MAG3 clearance in children by means of a single blood sample: a multicentre

study. Ear J NucÃMed 1993:20:245-248.

14. RÃ¼sselsCD. Dubovsky EV, Scon JW. Simplified methods for renal clearance in
children: scaling for patient size. J NucÃMed 1991:32:1821-1825.

15. Bubeck B, Piepenburg R, Grethe U, Ehrig B, Hahn K. A new principle to normalize
plasma concentrations allowing single-sample clearance determinations in both chil
dren and adults. Eur J NucÃMed 1992:19:511-516.

16. Bubeck B. Renal clearance determination with one blood sample: improved accuracy and
universal applicability by a new calculation principle. Semin NucÃMed 1993:23:73-86.

17. Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurement. Lancet 1986;(2):307-310.

18. Thomsen HS, Hvid-Jacobsen K. Estimation of glomerular filtration rate from low-dose
injection of iohexol and a single blood sample. Invest Radiology 1991:26:332-336.

19. Stake G, Monn E, Rootwelt K, Monclair T. A single plasma sample method for
estimation of the glomerular filtration rate in infants and children using iohexol. II.
Establishment of the optimal plasma sampling time and a comparison with the
Tc-DTPA method. Scand J Clin Lab Invest 1991:51:343-348.

20. Chatterton BE. Limitations of the single-sample tracer method for determining
glomerular filtration rate. Br J Radiology 1978:51:981-985.

21. Kamper AL, Nielsen SL. Chronium-51-EDTA plasma clearance in severe renal failure
determined by one plasma sample. Scand J Clin Lab Invest 1989;49:555-559.

22. Ham HR. Piepsz A. Clinical Measurement of renal clearance. Curr Opin Nephrol
Hyper 1992:1:252-260.

1808 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 37 â€¢No. 11 â€¢November 1996




