Honey was most common prelacteal feed in our
study similar to the BPNI study (2). Other studies also
found gur water and cow’s milk as common prelacteal
feeds(3).

In the present study, 72.35% of inborn babies did
not get prelacteal feed which is similar to the Chandi-
garh study (4). This again emphasizes the importance
of health education and also institutional delivery. Once
again this study proves benefits of formal education to
mother. Similar positive effect of maternal literacy was
found in the Chandigarh study.

Study by Diwakar et al (6) scientifically proves that
prelacteal feeds are not required as in term AGA babies
blood sugar is well maintained without any other feed
than breast milk. If we have to discontinue prelacteal
feeding practice from society, health education during
antenatal care is a must.

Thus to conclude, education of mothers during
antenatal care can lead to successful exclusive breast
feeding practices.
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Abstract

The purpose of the study was to compare the GFR
obtained with 99mTc DTPA against five other methods:
the GFR measured by 24 hours creatinine clearance
(Ccr), and four creatinine-based equations (Schwartz,
Counahan-Barrat, Morris and Leger). A descriptive,
cross-sectional study was performed in 42 renal
transplant children; a 24 hours urine collection was
obtained for creatinine clearance. A 99mTc-DTPA renal
gammagram was performed the same day. The mean
GFR (mL/minl1.73m2BSA) obtained with 99mTc-DTPA
was 66.9 +15, whereas by Ccr was 68.7 +24.4, by
Schwartz formula 81.8 +16, by the Counahan-Barrat
equation was 57.6 +13.6, by Morris equation 60.7
+14.5 and by Leger equation 73.2 +18. The predictive
performance was evaluated calculating bias as mean
prediction error (MPE) and precision (Mean Squared
Error, MSE). The Schwartz formula had a MPE of 14.8
and MSE of 9223. The Ccr had a MPE of 1.7 and MSE
of 132, Counahan-Barrat MPE -9.4, MSE 3727, Morrris
-6.28, MSE 1656, Leger -6.2 MSE 2000. Ccr had the
lowest bias but is not precise to estimate GFR in renal
transplant children. The Morris equation had better
predictive performance in renal transplant children than
the Schwartz, Counahan-Barrat and Leger equations.

Keywords: Glomerular filtration rate, renal transplant,
children, Schwartz, GFR measurement

Introduction
According to the NKF-K/DOQI guidelines to evalu-

ation, classification and stratification of chronic kidney
disease in children and adolescents, the estimates of
glomerular filtration rate (GFR) are the best indices of
the level of kidney function, and the creatinine clear-
ance using timed urine collections do not improve
the estimated GFR over that provided by prediction
equations [1]. The GFR estimation in children is made
by exogenous markers such as inulin, cystatine C,
iothalamate or the radiolabeled 99mTecnetium diethy-
lenetriamine pentaacetic acid (99mTc-DTPA), accepted
as the best methods. Nevertheless, these procedures
are invasive, time-consuming and expensive, and not
easy to perform in the everyday practice [2]. For these
reasons children are more frequently monitored with
the GFR prediction equations using serum-creatinine
based formulas. The GFR prediction equations are more
accurate when GFR is normal (>90mL/min per 1.73
m2), otherwise they tend to overestimate the GFR [3].
The majority of the equations used have been initially
developed for native kidneys, but a caveat appears
when the equation are used to estimate the GFR in
transplanted kidneys, since the nephron mass of the
graft is never taken into account [4]. There are several
studies in adults comparing equations to estimate GFR
in renal transplant recipients. In general the equation
proposed by the Modification of Diet in Renal Diseases
Study, also known as MDRD formula has shown better
predictive performance than the Cockcroft-Gault or
the Nankivell equations [5-7], but it underestimate the
number of patients with declining function [8]. These
formulas are not recommended for children.
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Materials and Methods

Patients with renal transplant and stable renal func-
tion (defined as those in whom the serum creatinine
levels had not changed by more than 0.2 mg per deci-
liter during the previous three months) were invited
to participate in the study. Those patients with graft
dysfunction or known recurrence of the original disease
were excluded. The study was approved by the IRB,
and parental and children informed consent/assent
was obtained in all cases. The gold standard used for
estimate GFR was 99m Tc-DTPA, since it has a clearance
similar to inulin [9]. All studies were performed accord-
ing the Guidelines for Nuclear Medicine of the Health
Laws in our country. Dynamic images were obtained
in supine position after an intravenous administration
of 99m Tc-DTPA dose, using a gamma camera during
30 minutes and then processed to generate the time-
activity curves that allow to analyze the perfusion and
filtration. A Gamma camera Siemens MultiSPECTII was
used. Renograms were obtained and processed with
a commercial nuclear medicine software (Siemens
ICON). Serum and urine creatinine were measured
by the kinetic Jaffe method using the Synchron CX3
automated analyzer.

24h Creatinine clearance (Ccr) was obtained with
the formula:

Ccr = Ucr V/ Scr,

where: Ucr : urine creatinine concentration, V: flow
rate of urine in millilitres per minute and Scr : serum
creatinine. The creatinine clearance is normalized to
body surface area x 1.73 m2 .

GFR was also estimated (eGFR) by the following
equations:

1) Schwartz formula:
eGFR (ml/min/1.73 m2)= kL/ Scr (mg/dL), where:

L : length in centimeters, Scr : serum creatinine, k :
constant value of 0.55 for children and adolescent girls,
and 0.7 for adolescent boys [10-12].

2) Counahan-Barrat Formula [13]:
eGFR = 0.43 x Height (cm)/ Scr (mg/dL)
3) Morris equation [14]:

eGFR= 40 x height (cm) / Scr (umol/L)
4) Leger formula [15]:

eGFR= 56.7 x body weight (kg) + 0.142 x Height
(cm)2/ Scr (umol/L)

The GFR value was corrected to body surface area x
1.73 m2

Statistical Analysis

We used the GraphPad Prism version 5.0 for Mac
(GraphPad software, San Diego, CA) for data analysis.
The GFR obtained by Ccr and the four equations were
compared to 99mTc-DTPA by paired t test and Pearson
correlation. Agreement between methods was tested
by the Bland and Altman plot method, the difference
between the two measurements is plotted as a func-
tion of the average of the two measurements of each
sample. It also provides the standard deviation of the
differences between the two assay methods to calculate
the limits of agreement, computed as the mean bias
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1.96 times its standard deviation. The predictive per-
formance of the different methods to assess GFR were
analyzed by measuring bias and precision according to
the formula suggested by Sheiner and Beal [16].

-Bias (Mean prediction Error) as: MPE = >(PRED-
OBS)/n where PRED is the predicted value, OBS is the
GFR observed by 99mTc-DTPA, and n is the number of
observations. An unbiased prediction results in a MPE
value of zero. A negative MPE value indicates underes-
timation by the predictor and a positive MPE indicates
overestimation. The precision of the predictions was
estimated as Mean squared error (MSE) as: MSE= X
(PRED-0OBS)2/n. The ideal prediction yields a MSE of
zero, were PRED=0BS. A high MSE value indicates poor
predictive performance.

Results

A total of 42 patients were included in the study.
Demographic data is depicted in Table 1. The values
of GFR (mL/min/1.73m2BSA) by 99mTc-DTPA and the
eGFR by 24hCcr as well as the values for the four equa-
tions in each patient are shown in Table 2. The mean
GFR obtained with 99m Tc-DTPA was 66.9 mL/min +15,
whereas by Ccr was 68.7 +24.4, by Schwartz formula
81.8 +15.9, by the Counahan-Barrat equation was
57.6 +13.6, by Morris equation 60.7 +14.5 and by
Leger equation 73.2 +18.3. GFR by all methods was
normally distributed by D’Agostino & Pearson omnibus
normality test. There was a significant correlation be-
tween GFR by 99mTc-DTPA vs. Ccr (Pearsonr = 0.316,
p= 0.040), 99mTc-DTPA vs. Schwartz (Pearson r =
0.500, p=0.0007), 99mTc-DTPA vs. Counahan-Barrat
formula ( r= 0.492, p=0.0009), 99mTc-DTPA vs. Mor-
ris (r= 0.492, p=0.0009) and 99mTc-DTPA vs. Leger
(r=0.494, p= 0.0009) (Figure 1). Nevertheless, when
comparing by paired t test no difference was found
between 99mTc-DTPA vs. Ccr (p=0.64) but there was
statistically significant difference between 99mTc-DTPA
and all the equations (Table 2).

Table 1. Patient’s characteristics

Characteristic Value
Age (years mean +SD) 14.742.5
Gender

Male 24
Female 18
Time post-renal transplant 26.17+6
(months +SD)

Graft source

Deceased donor 27
Living donor 15
Immunosuppression regime

PDN/MMF/Tac 28 (66.7%)
PDN/AZA/Tac 2 (4.8%)
PDN/MMF/CsA 1(2.3%)
PDN/SRL/CsA 6 (14.2%)
PDN/MMF 2 (4.8%)
PDN/Tac 2 (4.8 %)
PDN/CsA 1 (2.3 %)
Acute rejection history n (%) 25 (59%)
Serum creatinine (mg/dL mean +SD) 1.18 +0.3

PDN: prednisone, MMF: Mofetil micofenolate, CsA:
Cyclosporin, Tac: Tacrolimus, SRL: Sirolimus
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Table 2. GFR in 42 renal transplant children

Patient 99Tc- Ccr| Schwartz| Couna-| Morris Leger
DTPA han-Bar-
rat

1. 53.1 59.68 93.30 57.00| 60.61 81.32

2. 50.6 31.11 59.60 37.00 38.76 44.77

3. 75.2 78.22 83.46 51.00 54.20 66.25

4. 88.7 60.82 78.00 48.00 50.65 58.53

5. 74.7 82 91.90 72.00| 76.01 87.57

6. 71.75 40.9 92.90 57.00| 60.33 70.67

7. 75.7 93.58 99.10 61.00 | 64.39 76.60

8. 54.2 64.34 50.00 31.00 32.47 37.49

9. 56.7| 101.90 100.30 78.00 | 82.95 96.98
10. 75 56.75 65.50 51.00 54.20 62.74
11, 63.6 57.52 81.50 50.00 52.92 64.35
12. 73.8 52.48 103.00 80.00 | 85.06 103.80
13. 75.5 121 103.90 63.00 | 66.94 77.60
14. 85 104.9 89.20 55.00 57.95 68.79
15. 50.3 48.81 67.94 42.00| 44.12 52.23
16. 58.9 64.78 81.50 50.00 52.92 60.80
17. 59.4 49.2 57.30 45.00| 47.08 54.94
18. 37.5 34.34 55.41 34.00 35.98 42.40
19. 50.6 26.94 72.40 45.00| 47.06 56.31
20. 58.1 87.37 88.00 69.00 | 72.73 90.93
21. 64 46.49 78.00 48.00| 47.88 55.29
22. 47.6 74.02 73.00 45.00| 47.40 58.99
23. 63 105.18 101.00 79.00 | 83.52 98.69
24. 88.7 87.92 99.27 61.00 | 64.46 74.85
25. 46.6 66.18 67.37 53.00 55.68 66.34
26. 78.3 56.06 78.31 61.00 | 64.77 79.49
27. 56.7 71.21 98.46 60.00 | 63.94 75.43
28. 78.4 80.82 88.70 55.00 57.64 71.98
29. 101.2 41.76 114.70 90.00 | 94.81 111.89
30. 78.4 92.86 104.50 82.00 | 86.36 101.95
31. 76.6 43.25 66.00 51.00 54.20 60.46
32. 37.9 24.41 63.80 50.00 52.60 62.94
33. 66.2 50.50 68.29 53.00 56.44 68.71
34. 69.4 77.81 71.75 56.00 59.30 69.26
35. 78 65.57 68.50 54.00 56.64 66.06
36. 67.1 71.98 108.80 85.00 | 89.94 111.00
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Patient 99Tc- Cecr | Schwartz| Couna-| Morris Leger

DTPA han-Bar-

rat

37. 62.2 116.84 76.00 62.00 63.13 81.51
38. 74.2 60.63 87.30 68.00 72.16 92.97
39. 102 92.28 88.00 69.00 72.73 99.83
40. 76.2 89.12 72.80 57.00 60.23 86.42
41, 55.3 54.90 74.00 58.00 60.98 71.80
42. 56.8 99.64 72.80 45.00 | 47.27 55.71
Mean 66.98 68.7 81.8 57.6 60.7 73.2
SD 15 24.4 15.9 13.6 14.5 18.3
Paired 0.64| <0.0001| 0.0001 0.009 0.021
ttest p
value

The Bland Altman plots for the estimated GFR and the
obtained by 99mTc-DTPA are shown in Figure 2. Ccr
showed the best and Schwartz the poorest accuracy,
respectively. The predictive performance was evaluated
by Sheiner and Beal method, calculating bias as mean
prediction error (MPE) and precision (Mean Squared
Error, MSE), depicted in Table 3, Ccr had low bias but
is unprecise (MPE 1.7, MSE 132) and Schwartz formula
the more biased and unprecise (MPE 14.8, MSE 9223),
from the equations, the Morris formula was the more
unbiased and precise (MPE , MSE 1656).

Figure 1. Correlation Between 99mTC DTPA and
A) Ccr, B) Schwartz Formula, C) Counahan Barrat,
D) Morris and E) Leger equations.

Figure 2.Bland-Altman plots for the GFR esti-
mated by Ccr and four equations (n=42). A) Ccr,
B) Schwartz, C) Morris and D) Leger equation.
The center line corresponds to mean level of bias, the
dotted lines depict the upper and lower 95% limits of
agreement.

Figure 1. Correlation Between 99mTC DTPA and A)Ccr,
B)Schwartz Formula, C)Counahan Barrat, D)MOrris and
E)Leger Equations

A) B)

99m Tc-DTPA (mL/min 1.73m?)
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o 50 100 150
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Figure 2.Bland-Altman plots for the GFR estimated by
Ccr and four equations (n=42). A) Ccr, B) Schwartz,
C) Morris and D) Leger equation. The center line cor-
responds to mean level of bias, the dotted lines depict
the upper and lower 95% limits of agreement.

A) B)

Mean GFR (mL/min/1.73m?)

(@) D)

Mean GFR (mL/min/1.73m?) Mean GFR (mL/min/1.73m?)

Table 3. Predictive performance of Ccr and four equations to estimate GFR in 42 renal transplant children

Ccr | Schwartz Counahan-Barrat Morris Leger
MPE | 1.73 14.81 -9.40 -6.28 -6.27
MSE | 132 9223 3727 1656 2000

MPE: Mean prediction error, MSE: Mean squared error.
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Discussion

The equations used to estimate GFR in pediatric pa-
tients have an imprecision as high as 30-40%, higher
than the 20% reported in adults [17]. There are few
studies evaluating this issue in the context of renal
transplant. In adults, the MDRD formula is preferred
than the Cockcroft-Gault equation to be used in trans-
plant recipients, nevertheless it is not precise [4, 18] and
it can underestimate the patients with declining graft
function [8]. The Schwartz formula is the most exten-
sively used to estimate GFR in large pediatric studies
such as NAPRTCS and has proven to be a valid outcome
variable to measure post-transplant graft function [19,
20]. Zapitelli and coworkers evaluated the Schwartz and
the Leger equations to predict iothalamate GFR in 195
children, they found that Schwartz was most unbiased
and sensitive [21]. However, in the subset of transplant
recipients the Leger had a better performance; the
authors attribute this findings to the fact that 42% of
the Leger study patients were kidney recipients, they
also propose as Van Rossum et al [22] to use locally
derived values of k.

More often than not, children receive adult-sized
kidneys, Naesens et al [23] demonstrated that when
those large kidneys are transplanted into the smallest
recipients show a high degree of interstitial fibrosis, tu-
bular atrophy and tubular microcalcifications very early
after transplantation. Beside, small children receiving
an adult sized kidney have absolute GFR early after
transplantation that is similar to the normal GFR that
would be expected if they had 2 native kidneys. How-
ever, the absolute GFR would not increase as expected,
with the growth of the child. This may be due to the
non-immunological injury caused by the renal ischemia
occurring immediately after transplant, conditioned by
the donor-recipient size mismatch. Therefore, the GFR
estimated by any method, if normal, may not reflect
the real fitness of the graft.

In our study Ccr showed the lowest bias and the
higher precision to estimate GFR in renal transplant
children. This method is inconvenient as it is cumber-
some to patients and their families, and patients without
bladder control will require bladder catheterization.
Nevertheless, it was the only method found to be not
significantly different when evaluated by paired t test,
and certainly the cost is lower than the gammagram.
Other studies have found a large margin of error in
the Ccr since it overestimates the GFR in patients with
reduced glomerular function [24], but this was not the
case in our study, perhaps due to the fact that our pa-
tients were older than 9 years (mean 14.7 years) thus,
meaning a better compliance in urine collection. The
Morris equation had better predictive performance in
renal transplant children than the Schwartz, Counahan-
Barrat and Leger equations.

It is necessary to perform further long-term com-
partive studies to determine which one of this methods
to estimate GFR is the best to identify children with
declining function of the graft.
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