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Background: This study was to evaluate the relative 
applicability of the most commonly used estimation 
formulas for renal glomerular filtration rate (GFR) of 
Chinese children with chronic kidney disease (CKD).

Methods: One hundred CKD patients of less than 17 
years old were divided into two groups by sex which was 
further categorized into � ve subgroups based on CKD staging 
according to the "reference" GFR (rGFR) determined by 
Tc-99m-DTPA renal dynamic imaging. Four GFR markers 
including serum cystatin C (CysC), �2-microglobulin, 
creatinine, and blood urea nitrogen were measured.

Results: Among all four markers, CysC best re� ected 
the extent of glomerular damages for CKD stage 1. The 
value for estimation of GFR (eGFR) was derived from 
five different formulas either over-estimated or under-
estimated GFR as referenced to rGFR, and the extent 
of deviations was dependent on gender, age and CKD 
stage. The Counahan-Barratt formula and the Schwartz 
formula gave the most accurate estimations of GFR for 
CKD stages 1 and 2-3, respectively regardless of gender 
and age differences. Receiver operating characteristic 
analyses indicated that the Counahan-Barratt formula 
has the highest diagnostic accuracy.

Conclusion: The Counahan-Barratt formula provides 
the best approximation to rGFR, thereby the highest 
applicability to Chinese children with CKD of different 
genders, ages and CKD stages.

World J Pediatr 2015;11(4):346-351

Key words: chronic kidney disease;
                   Counahan-Barratt formula;
                   cystatin C;
                   renal glomerular � ltration rate;
                   Schwartz formula

Introduction

Chronic renal insuf� ciency in children is a serious 
problem which can eventually result in end-stage 
renal failure requiring renal replacement therapy 

and increased risk of cardiovascular disease, metabolic 
syndrome, and other complications. With rapid increase 
in the incidence of kidney disease in children in recent 
years, an urgent need has been prompted for more 
accurate means of determining glomerular � ltration rate 
(GFR), which is critical for better diagnosis of acute 
and chronic renal insufficiency, early intervention to 
prevent development into end-stage renal failure, and 
monitoring for nephrotoxicity caused by antibiotics 
and chemotherapeutic agents.[1,2] In children with 
chronic kidney disease (CKD), measured GFR is the 
best indicator of global kidney dysfunction. Especially 
in CKD children with a well-maintained fluid and 
electrolyte balance thereby entirely normal urinalysis, a 
reduced GFR serves as the only clinical sign of kidney 
damage in these individuals.

The methods of evaluating GFR include direct 
measurement and formula estimation. Direct detection 
method (such as inulin) and exogenous radioactive 
markers (such as the rate of renal excretion of Tc-99m-
DTPA) are considered the "reference" for measurement 
of GFR (rGFR). However, the method involves 
complicated operating procedures and is costly and 
time-consuming; thus its clinical applications have 
certain limitations.[3] Serum creatinine, blood urea 
nitrogen, and other traditional markers have been 
clinically used to detect kidney dysfunction over the 
years. Nowadays, the new markers like serum cystatin 
C have been used worldwide in replacement with the 
traditional indicators. In particular, cystatin C has 
been emerged as an endogenous marker of GFR is 
superior to serum creatinine for the detection of mild 
to moderate chronic kidney dysfunction.[4] In the past 
decades, researchers have developed a fair number of 
GFR estimation formulas based on serum creatinine and 
serum cystain C (CysC), of which Schwartz formula,[5] 
the Modification of Diet in Renal Disease (MDRD) 
formula,[6] the Cockroft-Gault formula,[7] Counahan-
Barratt formula,[8] and CysC-based GFR assessment 
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equation[7,9] have been widely used for children GFR 
assessment in Western countries. However, the potential 
application of these formulas for Chinese children has 
not been validated. This study aimed to evaluate the 
applicability of various indicators and formulas, using 
the measured GFR by means of Tc-99m-DTPA renal 
dynamic imaging as a reference approach, and to assess 
renal function in Chinese children with kidney disease.

Methods
Patient information
One hundred patients from the Department of Pediatric 
Nephrology, Shengjing Hospital affiliated to the China 
Medical University were recruited from January to 
December 2011. The inclusion criteria included CKD 
at ages �1 year but �16 years with complete post-
admission Tc-99m-DTPA renal dynamic imaging, 
abnormal serum creatinine, urea nitrogen, serum cystatin 
C and serum �2-microglobulin, and height, according 
to the Clinical Practice Guidelines of the United States 
of Kidney Disease and Dialysis (K/DOQ I).[10] The 
exclusion criteria included heart failure, dehydration, 
limb deficiencies, and use of drugs that may influence 
the level of serum creatinine and its determination. 
The protocols for human studies were approved by 
the Institutional Review Board of Shengjing Hospital 
and informed written consent was obtained from the 
caregivers of the participants.

In 100 CKD patients, 67 were males (age, 9.4±3.3 
years; height, 140.3±23.7 cm; weight, 39.0±17.4 kg) and 33 
females (age, 8.9±3.4 years; height, 136.5±22.6 cm; weight, 
34.1±16.1). Among them, 22 patients were diagnosed with 
nephrotic syndrome, 34 with glomerulonephritis, 6 with 
lupus nephritis, 15 with purpura nephritis, 4 with IgM 
nephropathy, 14 with IgA nephropathy, 2 with hemolytic 
uremic syndrome, 1 with renal agenesis, and 2 with renal 
dysplasia. The patients were divided into two groups 
by sex, and each group was subdivided into five groups 
based on rGFR values: stage 1 (64%): rGFR �90 mL/
(min/1.73 m2); stage 2 (23%): rGFR=60-89 mL/(min/1.73 
m2); stage 3 (8%): rGFR=30-59 mL/(min/1.73 m2); stage 
4 (4%): rGFR=15-29 mL/(min/1.73 m2); and stage 5 
(1%): rGFR�15 mL/(min/1.73 m2).

Tc-99m-DTPA renal dynamic imaging
Twenty minutes prior to Tc-99m-DTPA, the patients 
were allowed to drink 300-500 mL water and then 
empted the bladder. The basal radioactivity in a 
syringe for loading with Tc-99m-DTPA was counted 
for 6 seconds. The patients were allowed to lie in a 
supine position, and the probe was aligned to midline 
of the spine where the kidney and bladder could be 

visualized. Immediately after intravenous injection of 
Tc-99m-DTPA through the cubital vein, dynamic image 
acquisition was conducted at an interval of one frame 
per 2 seconds for consecutive 30 frames, followed 
by one frame per acquisition of 30, followed by one 
frame per 15 seconds for consecutive 80 frames. The 
residual radioactivity in a syringe was counted for 6 
seconds. The levels of Tc-99m-DTPA in the body of the 
patients were calculated. Finally, the patients' height 
and weight together with the Tc-99m-DTPA levels 
were input into the computer to generate the renal time-
radioactivity curve and acquire the values of renal 
GFR, which were designated as the "reference" GFR 
(rGFR) as recommended by the Nephrology Committee 
of the Society of Nuclear Medicine, because of the 
satisfactory accuracy and relative simplicity.[11-13]

Estimation of GFR by various formulas
The following formulas were evaluated for their 
accuracy in the estimation of GFR (eGFR); (1) The 
Schwartz formula: eGFR=K×height (cm)/serum 
creatinine (�mol/L), where K is a constant (K is 49 for 
girls of 2-16 year-old and boys of 2-13 year-old; K is 49 
for boys of 13 -16 year-old);[3] (2) The Cockroft-Gault 
formula: eGFR=(140-age)×weight (kg)× (0.85, female)/
Scr (mg/dL)×72];[14] (3) The MDRD formula: eGFR= 
186×Scr–1.154×age–0.203×(0.724, women);[15] (4) The 
Counahan-Barratt formula: eGFR=0.43×height (cm)×[Scr 
(�mol/L)/88.4]–1;[16] and (5) the formula based on CysC: 
eGFR=84.69×CysC (mg/L)–1.680×1.384 (<14-year-old).[7,8]

Measurement of serum CysC and �2-microglobulin
Serum CysC and �2-microglobulin were measured 
using RANDOX enzymatic creatinine assay (Randox 
Laboratories Limited, Crumlin, County Antrim, UK) with 
calibration traceable to the international standard reference 
material as recently recommended by the National Kidney 
Foundation (KDIGO 2012, Kidney international 2013). 
The correlation between their levels and the rGFR values 
determined by Tc-99m-DTPA was analyzed.

Statistical analysis
The data from the study were presented as mean±SD. 
The correlation between serum cystatin C, �2-
microglobulin and rGFR was analyzed using SPSS18.0 
software. The accuracy of eGFR from different formulas 
was comparatively assessed against rGFR±30%: eGFR 
falling within this range was considered accurate and 
the closer eGFR is to rGFR, the more accurate it is. 
Receiver operating characteristic (ROC) analysis was 
performed with sensitivity plotted against 1-specificity. 
The area under ROC curve (AUC) was estimated to 
assess the diagnostic accuracy.
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Results
Correlation analysis of different indicators with rGFR
We first performed logistic analysis of correlation of 
rGFR with serum CysC or serum �2-microglobulin, two 
commonly used markers for renal dysfunction or GFR 
in female and male patients, separately. As illustrated in 
Fig. 1, there was a good negative correlation between 
rGFR and CysC in both female and male patients, but 
rGFR was correlated with �2-microglobulin only in 
male patients. Overall, CysC seemed to be a better 
marker for GFR and the markers appeared to have better 
correlations in male patients than in female patients.

Comparison of eGFR derived from various formulas 
with rGFR in different CKD stages
We then measured the serum levels of several indicators 
including CysC, �2-microglobulin, creatinine (SCr), and 
urea nitrogen (BUN), and computed the values of eGFR 
using five different formulas, in females and males of 
varying CKD stages (Tables 1 and 2). As expected, all 
measured values showed a negative relationship with the 
rGFR, whereas the computed values showed a positive 
relationship with the rGFR. Based on these data, we sorted 
out the relative accuracy or applicability of the eGFR 
derived from five different formulas by comparing their 
relative proximities to the rGFR. To yield a quantitative 
comparison, we calculated the difference between rGFR 
and eGFR and the accuracy of estimation, the percentage 
of patients falling into the range of rGFR±30%, at 
different CKD stages in female and male patients, 
separately. As shown in Tables 3 and 4, the eGFR either 
over- or under-estimated GFR values, as opposed to the 
rGFR. For females (Table 3), the magnitude of difference 

was in the order of Counahan-Barratt<CysC-based< 
Schwartz<Cockroft-Gault<MDRD and the accuracy 
was in the opposite order Counahan-Barratt>CysC-
based>Schwartz>Cockroft-Gault>MDRD, for CKD stage 
1. For CKD stage 2-3, however, the order of magnitude of 
difference became Schwartz<Cockroft-Gault<Counahan-
Barratt<MDRD<CysC-based with the accuracy order 
of Schwartz>Cockroft-Gault> MDRD>Counahan-
Barratt>CysC-based. For males in CKD stage 1 (Table 4), 
the magnitude of difference was in the order of Counahan-

Fig. 1. Correlation between the "reference" glomerular � ltration rate 
(rGFR) determined by Tc-99m-DTPA with serum cystatin C (CysC) 
and �2-microglobulin. Dots are experimental data and lines represent 
the curve regression for correlation. R2: correlation coef� cient.
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Female

Male

R2=0.145
P>0.05

R2=0.571
P<0.05

R2=0.708
P>0.05

R2=0.768
P<0.05

Variables CKD stages
Stage 1 Stage 2 Stage 3 

Female
  Scr (�mol/L)   53.1±23.7   87.2±33.1 560.1±456.0 
  BUN (mmol/L)     5.3±1.8   11.3±7.6   56.0±44.0
  �2-MG (mg/L)     2.0±0.9   10.3±13.1 -
  CysC (mg/L)     1.0±0.4     1.7±0.7     5.4±2.8 
  Schwartz formula 139.6±38.5   85.0±31.2   38.3±53.8
  MDRD formula 193.3±82.9 104.2±37.7   38.4±52.0
  Cockroft-Gault formula   90.2±47.8   71.0±39.5   36.5±56.8
  Counahan-Barratt formula108.3±29.3   65.9±24.2   29.7±41.7
  CysC-based formula 124.4±52.5   66.3±44.1   12.2±13.0
  rGFR 121.0±29.5   78.7±8.8   44.2±12.7 
Male
  Scr (�mol/L)   48.0±12.8   73.2±34.6 470.2±518.3
  BUN (mmol/L)     4.6±1.7     7.7±3.9   24.2±15.6
  �2-MG (mg/L)     1.9±0.6     2.8±1.1     2.7±0.6 
  CysC (mg/L)     0.9±0.2     1.6±0.6     3.4±2.4
  Schwartz formula 160.2±39.6 108.4±41.3   59.3±48.4
  MDRD formula   86.8±119.5   79.0±106.8   58.2±73.8
  Cockroft-Gault formula 132.8±46.4 108.1±84.1   44.9±36.8
  Counahan-Barratt formula118.0±29.4   80.7±28.2   46.0±37.5
  CysC-based formula 168.0±89.0   72.1±41.6   53.6±50.3
  rGFR 118.7±17.1   77.2±8.3   42.1±12.2

Table 1. rGFR and eGFR values in female and male patients of various 
CKD stages

rGFR: "reference" glomerular filtration rate determined by Tc-99m-
DTPA; eGFR: estimated GFR by formulas; CKD: chronic kidney 
disease; Scr: serum creatinine; BUN: blood urea nitrogen; CysC: 
cystatin C; �2-MG: �2-microglobulin. 

Formulas Stage 1 (n=21) Stage 2~3 (n=11)
Mean�  �SD Accuracy Mean��SD Accuracy

Female
  Schwartz formula -24.4 43.7 42 -2.6 29.2 45
  MDRD formula -78.2 84.5 19 -16.0 36.2 36
  Cockroft-Gault formula  24.9 51.9 23 8.0 37.7 18
  Counahan-Barratt formula    6.8 35.6 61 13.2 20.8 40
  CysC-based formula  -9.3 54.4 47 18.2 31.9 16
Male
  Schwartz formula -41.4 39.1 44 -27.6 40.4 70
  MDRD formula 118.7 -152.2   6 -102.2 94.7 10
  Cockroft-Gault formula -14.0 44.0 60 -23.3 75.1 47
  Counahan-Barratt formula -0.02 29.1 81 -22.7 75.3 61
  CysC-based formula -49.2 89.5 51 -4.0 46.0 38

Table 2. Comparison of rGFR and eGFR values in female and male 
patients of various chronic kidney disease stages

rGFR: "reference" glomerular � ltration rate determined by Tc-99m-DTPA; 
eGFR: estimated GFR by formulas; CysC: cystatin C; Mean�: averaged 
difference between eGFR and rGFR (mL/(min.1.73 m2)); �SD: standard 
deviation of difference between eGFR and rGFR (mL/(min.1.73 m2)); 
Accuracy: percentage of eGFR values within the range of rGFR±30%.
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Barratt<Cockroft-Gault <Schwartz<CysC-based<MDRD 
with an opposite order for accuracy. And for males in 
CKD stage 2-3, the magnitude of difference was in the 
order of CysC-based<Counahan-Barratt<Cockroft-
Gault<Schwartz <MDRD, but the order of accuracy was 
Schwartz> Counahan-Barratt>Cockroft-Gault>CysC-
based> MDRD. Taken together, it appeared that the 
Counahan-Barratt formula yielded the best estimation 
of GFR for both females and males in CKD stage 1, and 
the Schwartz formula provided the highest accuracy for 
young CKD patients in stage 2-3. On the other hand, the 
MDRD formula seemed to give rise to least valuable 
estimation in all cases and conditions.

Comparisons of eGFR derived from various formulas 
with rGFR at different ages
We divided the participants first by gender into female and 
male groups and then subdivided them based on ages. We 
then computed eGFR with the five different formulas and 

Fig. 2. Receiver-operator characteristic (ROC) curve analysis for precision and diagnostic accuracy of various formulas. A: ROC curves with ETC 
>120 mL/min; B: ROC curves with ETC <90 mL/min.
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Formulas AUC SEM P value 95% CI
Cut-off >120 mL/min
  Schwartz formula 0.766 0.063 0.01 0.643-0.889 
  MDRD formula 0.699 0.071 0.017 0.560-0.838
  Cockroft-Gault formula 0.769 0.062 0.001 0.646-0.891
  Counahan-Barratt formula 0.792 0.060 0.000 0.674-0.911
  CysC-based formula 0.738 0.062 0.004 0.617-0.860
Cut-off <90 mL/min
  Schwartz formula 0.869 0.049 0.000 0.772-0.965 
  MDRD formula 0.779 0.064 0.000 0.652-0.905
  Cockroft-Gault formula 0.840 0.060 0.000 0.724-0.957
  Counahan-Barratt formula 0.876 0.047 0.000 0.784-0.967
  CysC-based formula 0.862 0.050 0.000 0.765-0.960

Table 4. Receiver-operator characteristic (ROC) curve analysis for 
precision and diagnostic accuracy of various formulas

AUC: area under ROC curve; SEM: standard error of mean; CI: 
con� dence interval. 

Formulas 
<10 y (n=16) �10 y (n=16)
Mean� �SD Accuracy Mean� �SD Accuracy

Female
  Schwartz formula -15.3 41.5 50 -22.6 36.8 16
  MDRD formula -81.8 95.3 12.5 -31.0 42.4 37.5
  Cockroft-Gault formula 40.0 36.5   6   -2.7 48.1 37.5
  Counahan-Barratt formula 10.0 29.9 62.5    4.1 30.2 50 
  CysC-based formula -8.7 44.5 37.5    7.8 52.7 43.7
Male
  Schwartz formula -30.1 37.8 50 -41.6 40.7 32
  MDRD formula -184.0 131.0   3 -83.4 64.2   2
  Cockroft-Gault formula -6.0 60.8 56.2 -27.0 47.3 47
  Counahan-Barratt formula -2.4 29.8 75   -0.05 26.7 79
  CysC-based formula -48.7 97.6 31.2 -18.3 55.0 61

Table 3. Comparison of rGFR and eGFR values in female and male 
patients of different ages

rGFR: "reference" glomerular filtration rate determined by Tc-99m-
DTPA; eGFR: estimated GFR by formulas; CysC: cystatin C; Mean�: 
averaged difference between eGFR and rGFR (mL/(min.1.73 m2)); 
�SD: standard deviation of difference between eGFR and rGFR (mL/
(min.1.73 m2)); Accuracy: percentage of eGFR values within the range 
of rGFR±30%.

compared with the rGFR. For females under 10 years old, 
the proximity was in the order of CysC-based>Counahan-
Barratt>Schwartz>Cockroft-Gault>MDRD, whereas 
the accuracy was in the order of Counahan-Barratt 
>Schwartz>CysC-based>MDRD> Cockroft-Gault. For 
females �10 years old, the accuracy was in the order of 
Counahan-Barratt>CysC-based>MDRD=Cockroft-
Gault>Schwartz. For male patients of both <10 and �10 
years old, the Counahan-Barratt formula stood out the most 
accurate estimation method for GFR, which was consistent 
with the results from the female patients.

Comparison of diagnostic accuracy of various formulas
ROC analysis was performed to compare the diagnostic 
accuracy of various formulas for estimation of GFR. 
The results are presented in Fig. 2. Since the mean level 
of measured GFR in the present study was relatively 
high, high cut-offs of GFR were used for analysis. We 
found that either at >120 mL/min or at <90 mL/min, the 
area under ROC curve (AUC) for the Counahan-Barratt 
formula was larger than other formulas, indicating that 
this formula has the highest diagnostic accuracy among 
the five formulas examined.
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Discussion
In this study, we identified a GFR estimation method 
most appropriate for children with CKD. The main 
findings were as follows: (1) Among all four markers 
tested, CysC best reflected the extent of glomerular 
damages in young patients at CKD stage 1, when the 
GFR was still within the normal range and the serum 
creatinine and urea nitrogen levels remained unaltered, 
indicating that CysC was the most sensible marker for 
early stage of CKD; (2) The eGFR values derived from 
five different formulas either over-estimated or under-
estimated GFR as referenced to rGFR, and the extent 
of deviations varied depending on gender, age and 
CKD stage; (3) The Counahan-Barratt formula and the 
Schwartz formula gave the most accurate estimations of 
GFR for patients of CKD stages 1 and 2-3, respectively, 
regardless of gender and age differences, whereas 
the accuracy of the MDRD formula and CysC-based 
formula were the lowest among all five formulas for 
males and females, respectively. It is noted that none 
of the GFR formulas tested in this study reached the 
accuracy level of the KDOQI recommendations to 
be validated in Chinese children.[10] Based on these 
findings, we concluded that the Counahan-Barratt 
formula provides the best approximation to rGFR 
thereby the highest applicability to Chinese children 
with stages 1-3 CKD of varying genders, ages and 
CKD stages, and the MDRD formula and CysC-based 
formula are not suitable for Chinese children.

GFR is the best indicator of kidney filtration or renal 
function, and the main basis for the diagnosis and staging of 
CKD, as well as for the evaluation of the severity of kidney 
disease and the therapeutic outcomes. It is also pivotal to 
the adjustment of drug dosage for the treatment of renal 
dysfunction and the determination of the optimal window 
for commencing renal replacement therapy. Therefore, it 
is critical to work out a method of determining GFR with 
high accuracy, reproducibility and simplicity. However, 
since measuring GFR remains relatively cumbersome and 
costly, estimating GFR using renal biomarkers remains 
highly desirable and relevant for daily practice.

Our results on the relative values of four different 
markers for GFR were in general in good agreement 
with the consensus that CysC is a superior marker to 
other contemporary makers and traditional markers as 
well.[17-19] The advantages were re� ected by its ability to 
detect the minor changes of GFR in the early stage of 
renal disease with higher sensitivity and greater accuracy 
for the extent of renal dysfunction and GFR.[20-24] In our 
study, �2 microglobulin also demonstrated its reasonable 
value for detecting minor to moderate changes of GFR 
thereby kidney dysfunction.

The Schwartz formula is recommended, by the 

American Kidney Foundation, as the best mathematical 
model for the evaluation of GFR in children, which has 
gained its recognition as a formula reflecting children's 
renal function in the Western countries.[25] The Schwartz 
formula has been also tested in European children 
according to age and sex and proposed for its routine 
use in children and adolescents.[26-28] Nonetheless, in our 
study, the Schwartz formula tended to over-estimate GFR 
for CKD stage 1 of both females and males, which was 
inconsistent with the reports in the literature. For CKD 
stage 2, the Schwartz formula seemed to be able to better 
re� ect the true GFR value relative to other formulas. This 
CKD stage-dependent accuracy of GFR estimation might 
be ascribed to the constant K in the Schwartz formula; the 
K value in the current form of the Schwartz formula was 
derived from children in the United States. This K value 
may not be applicable to Chinese children with kidney 
disease; thus, the accuracy of the Schwartz formula for 
Chinese children is impaired.

The Counahan-Barra t t  formula  i s  another 
commonly used mathematical model for estimating 
GFR in children,[8] which also incorporates height, 
SCr, and other measurements. In the present study, this 
formula was found to be best suited to stage 1 patients 
with mild kidney disease.

The MDRD and Cockroft-Gault formulas are 
recommend by K/DOQI guidelines for use in adults, 
and they are not suitable for children.[14] Consistently, in 
the present study, the MDRD formula yielded the least 
accurate estimation of GFR in the patients of different 
genders and CKD stages. Similarly, based on our results 
the Cockroft-Gault formula seems to be not suitable for 
assessing renal function in children.

In summary, this study showed that in the assessment 
of children's renal function, CysC is the best marker for 
kidney function, followed by �2-microglobulin, and SCr 
and BUN may not offer good assessment of renal function 
of children in the early stage of CKD. Among the � ve most 
commonly used eGFR formulas in clinical practice, the 
Counahan-Barratt formula can accurately estimate GFR in 
young patients at the CKD stage 1. The Schwartz formula 
may be used for young patients at the CDK stages 2-3. One 
important limitation of this study is that the number of study 
group is small and only two cases of CKD stage 4 and one 
case of CKD stage 5 were enrolled; thus the application of 
our � ndings is limited to young patients with relatively 
mild renal dysfunction, but not more advanced stages. 
Moreover, a recent study suggested that Tc-99m-DTPA 
renal dynamic imaging method may be used as the 
reference method in investigating the validity of CDK-
EPI equation for determining glomerular filtration 
rate.[29] Though this study was performed in adults, 
precaution must be taken in interpreting our findings 
from children using Tc-99m-DTPA as a reference.
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