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ABSTRACT 

The issue of whether 
99m

Tc-DTPA can replace 
51

Cr-EDTA for measurement of 

plasma clearance as a surrogate for glomerular filtration rate (GFR) is of great 

relevance to daily clinical practice. Prompted by the shortage of 
51

Cr-EDTA we 

conducted a head-to-head comparison in patients attending our department for 

GFR determination. The two tracers (3.7 MBq of 
51

Cr-EDTA and 8 MBq of 

99m
Tc-DTPA) were administered intravenously immediately after each other, and 

the standard number of blood samples were drawn. Fifty-four patients were 

enrolled. In 51 of these, single-sample measurement was performed with the 

following results: GFREDTA was 84.6±23.3 mL/min, GFRDTPA was 84.2±24.7 

mL/min. The mean difference was 0.4±2.8 mL/min, p=0.32, and results based on 

the two tracers were highly correlated (r=0.995). GFRDTPA exceeded GFREDTA at 

high GFR values (difference < 0 at GFREDTA > 91.4 mL/min) and vice versa 

(difference > 0 at GFREDTA < 91.4 mL/min). However, differences fell within few 

GFR units that most often will have no clinical consequence. We therefore 

conclude that 
99m

Tc-DTPA can replace 
51

Cr-EDTA for single-sample 

determination of GFR in a clinical setting. 
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Introduction 

Plasma clearance of single-injection pharmaceuticals remains the most accurate 

determination of glomerular filtration rate (GFR) in clinical practice. Historically, 

different radiopharmaceuticals have been applied but the two used most extensively in 

daily routine have been 
99m

Tc-diethylenetriamine pentaacetic acid (
99m

Tc-DTPA) and 

51
Cr-ethylenediamine tetraacetic acid (

51
Cr-EDTA). 

51
Cr-EDTA has gained widespread 

use due to its long half-life of 27.7 days allowing for measurement of activity several 

days after withdrawal of blood, which enables delayed measurements in case of 

contamination with other tracers like 
99m

Tc. Furthermore, the calibration reference 

typically employed to determine absolute concentrations in blood samples can be used 

for a number of weeks, minimizing workload compared to the necessary daily 

preparation of reference activities needed for 
99m

Tc.  

In light of the current shortage of 
51

Cr-EDTA [1], comparisons between GFR by 

51
Cr-EDTA (GFREDTA) and GFR by 

99m
Tc-DTPA (GFRDTPA) have attracted new 

attention to ensure correspondence between them. A recent article in this journal 

described comparable results of both multi- and single-sample GFR measured by the 

two [2]. We made a similar head-to-head single-sample GFR comparison during the last 

four weeks with 
51

Cr-EDTA available.   

 

Materials and methods 

Patients and study design 

Patients attending our department for assessment of GFR were consecutively enrolled. 

The two tracers (3.7 MBq of 
51

Cr-EDTA, GE Healthcare, and 8 MBq of 
99m

Tc-DTPA, 

Mallinckrodt Pharmaceuticals) were administered intravenously immediately after each 



 

 

other. Blood samples were drawn 3 h p.i. and analysed simultaneously in a 10 well 

gamma counter (2470 Wallac Wizard 2TM, Perkin Elmer) with automatic peak 

detection. Energy windows were 250-380 keV and 121-159 keV. To minimize any 

crosstalk between the 320 keV gamma emissions from 
51

Cr and the 140 keV gamma 

emissions from 
99m

Tc the isotopes were placed in the diagonals of the honeycomb 

sample placement in the gamma counter which have the highest amount of lead 

shielding. We did not use software correction for crosstalk. 

 

  

Calculation of GFR 

Standard GFR (mL/min/1.73 m
2
) was calculated from the formula by Groth & Aasted 

[3];  

standard GFR = (0.213 · t - 104) · ln(Yt · BSA/Q0) + 1.88 · t - 928  (1) 

 

where t = time p.i. (min); Yt = the measured activity normalized by counting time and 

sample volume (cpm/mL); BSA = body surface area (m
2
) calculated by height and 

weight via Haycocks empirical formula [4]; Q0 = the total injected dose calculated and 

referenced to a known sample activity concentration (cpm). GFR was calculated from 

standard GFR by multiplication by BSA/1.73. 

 

Statistics 

Results are presented as mean ± standard deviation. In line with clinical practice, 

GFRDTPA and GFREDTA were measured twice each and respective averages were used 

for further analysis. Their association was tested with Bravais-Pearson’s correlation 

coefficient. For visualization purposes a scatterplot of mean GFRDTPA and mean 



 

 

GFREDTA was made in which mean GFRDTPA was regressed on mean GFREDTA and the 

identity line (45 degrees) was added. A paired t test was applied for testing the null 

hypothesis that the difference in means equals zero (two-sided at significance level of 

5%), a respective 95% CI was evaluated. Agreement analysis was performed with the 

Bland & Altman method [5] yielding 95% Limits of Agreement (LoA). As regressing 

the differences on the mean values indicated a negative slope over the measurement 

range [6], suggesting a non-constant bias, the LoA were derived by a regression 

approach for non-uniform differences [7, 8]. All analyses were performed with 

STATA/MP 16.1 (StataCorp, College Station, Texas 77845 USA). 

 

Results 

A total of 51 patients were examined with this dual-isotope single-sampling method. 

Demographic data are presented in Table 1. GFREDTA was 84.6±23.3 mL/min, GFRDTPA 

84.2 ±24.7 mL/min. Results based on the two tracers were highly correlated (r=0.995), 

as can be seen from Figure 1 showing observations close to the regression line. The 

figure also shows that the regression line deviated slightly from the identity line, 

GFRDTPA lying below GFREDTA at low GFR values and exceeding it a little at high 

values (Figure 1). Mean GFRDTPA did not differ from mean GFREDTA; the estimated 

mean difference was 0.4 (95% CI: -0.4;1.2; p=0.32) mL/min. The observed differences 

ranged from -7.3 to 7.3 mL/min; the regression model-based differences decreased from 

3.6 to -2.1 mL/min over the measurement range for increasing mean values. LoA were 

0.1 and 7.2 mL/min at a mean GFR value of 27.2 mL/min and -7.4 and 3.2 mL/min at a 

mean GFR value of 128.5, Figure 2. Hence, GFRDTPA exceeded GFREDTA at a mean 

GFR value > 91.4 mL/min) and vice versa (difference > 0 at mean GFR < 91.4 

mL/min).  



 

 

 

Discussion 

Plasma clearance of single-injection pharmaceuticals has historically been measured by 

a number of different methods. The gold standard remains full measurement of the 

excretion curve by successive blood samples typically entailing more than 20 samples 

in the course of 4 h or more. Since this is not viable in clinical practice, a number of 

algorithms calculating clearance from fewer blood samples taken during the course of 

few hours were developed. In general, one group of algorithms needs input for a linear 

fit of late stage excretion, i.e. after equilibration of the pharmaceutical with the 

distribution volume, resulting mathematically in mono-exponential clearance [9]. 

Another group of algorithms needs only one blood sample as input which from 

appropriate approximations yields the standard GFR [10]. Single-sample plasma 

clearance measurement remains a widespread method due to the simplicity and reliable 

results in patients with renal function above 30 mL/min [3]. Previous investigations 

dealing with the issue of whether 
99m

Tc-DTPA can replace 
51

Cr-EDTA for measurement 

of GFR [1, 11-16] concerned multi-sampling GFR. In the work recently published in 

this journal [2] results from both multi- and single-sampling were given. These showed 

that standard GFRDTPA was higher than standard GFREDTA when assessed by multi-

sampling (mean difference 1.7 mL/min/1.73 m
2
, p=0.002) and by single-sampling 

(mean difference 1.1 mL/min/1.73 m
2
, p=0.007). The difference was independent of 

renal function [2]. In the current head-to-head comparison of 
51

Cr-EDTA- and 
99m

Tc-

DTPA-based single-sample determination of GFR, there was no significant difference 

in mean values of GFREDTA and GFRDTPA; however, differences fell to a lower level 

with increasing mean GFR values. These small inter-study variations may be based on 

differences in single-sample measurement techniques such as different estimates of 



 

 

extracellular volume. Ideally, the volume of distribution included in the calculation 

should correlate to the tracer concerned.  

The tendency towards plasma clearance of 
99m

Tc-DTPA exceeding plasma 

clearance of 
51

Cr-EDTA was described previously [13, 15, 16] and handled more 

thoroughly in a recent paper [1] stating that this disparity is abolished when GFR is 

calculated by characterization of the entire plasma clearance curve, and that individual 

differences are averaged out over the patient cohort. Again, small differences in the 

kinetics of radiopharmaceuticals [12] and in calculations may play a role in addition to 

inherent sources of errors described in detail by McMeekin et al. [1]. It is well-known 

that condensed methods have their limitations, especially in case of poor renal function. 

Groth & Aasted found that the correlation coefficient between one- and multi-sample 

clearance of 
51

Cr-EDTA was r=0.954, but that in case of clearance values below 25 

mL/min the correlation was inferior (r=0.097) [3]. Hence, the accuracy of single-sample 

GFR is reduced with poor renal function and, therefore, varies with GFR. Over-all 

conclusions from other groups [1, 2, 13, 14] are that differences in the kinetics of 
51

Cr-

EDTA and 
99m

Tc-DTPA are small, not exceeding the intra-patient variability from other 

sources [1] and without clinical relevance in terms of, for example, chemotherapy 

dosing [17].  

As 
99m

Tc and 
51

Cr were measured simultaneously potential crosstalk could occur 

due to the different gamma energy emissions of the two isotopes. Since upscatter of 

99m
Tc to 

51
Cr is zero, only downscatter from the 320 keV energy peak of 

51
Cr to the 140 

keV energy peak of 
99m

Tc has to be considered. Based on previous experience and 

measurements the downscatter from 
51

Cr to 
99m

Tc is on the order of 1 ‰. After dilution 

of the injected activity (8 MBq of 
99m

Tc-DTPA, 3.7 MBq of 
51

Cr-EDTA) by the 

approximately 15 liters of extracellular volume of a standard patient the activity in the 



 

 

blood samples is in the kBq range. The detection efficiency of the 140 keV gamma 

emissions from 
99m

Tc is approximately 0.8 (including a geometry factor) resulting in 

approximately 2500 cpm in the gamma counter. Due to the low detection efficiency of 

51
Cr (0.02 including a geometry factor) only 250 cpm is measured. Any downscatter 

contribution from 
51

Cr to 
99m

Tc with the samples estimated above is hence deemed 

insignificant. Additionally, at these low count rates estimated above, any dead time 

losses are also insignificant and can be neglected.  

 

Conclusion 

Our comparison using single-sampling technique indicates that GFRDTPA can replace 

GFREDTA in the clinical setting for GFR values above 30 mL/min, since the difference 

between the two lies within few GFR units that most often will have no clinical 

consequence.  
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Table 1 Demographic data (N=51) 

 

Age (years) 63.2 ± 12.8 

Body height (cm) 170.5 ± 9.1 

Body weight (kg) 75.8 ± 14.4 

Creatinine (µmol/L) 78.3 ± 28.8 

Male (%) 25 (49) 
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Figure 1. Scatterplot of mean GFRDTPA and mean GFREDTA. The green line is the 

identity line; the red line is the regression line.  

  



 

 

 

Figure 2. Bland-Altman plot of GFRDTPA vs. GFREDTA. The dashed line is the 

regression line of mean differences. Solid lines show limits of agreements (LoA). 


