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Abstract  

Background and Objective: Serum creatinine is the most used endogenous marker of glomerular filtration 
rate (GFR), but it also has multiple limitations. Therefore, some surrogate GFR markers, such as beta trace pro-
tein, have been introduced for GFR estimation. The aim of our study was to estimate GFR by serum beta trace 
protein using three available equations and compare them to DTPA GFR as the gold standard and Schwartz 
GFR.  

Methods: The three beta trace protein (BTP)-related GFR formulas were the White formula (1): 
GFR=167.8×BTP-0.758×creatinine-0.204, Pöge formula (2): GFR=974.31×BTP-0.2594×creatinine-0.647, and 
Benlamri formula (3): GFR=10^ (1.902+ (0.9515×LOG (1/BTP)). Twenty seven children were included in this 
study. All patients had a Schwartz and DTPA GFR more than 50 cc/min/1.73m2.  

Results: We showed that there was no significant correlation between DTPA GFR and Schwartz-estimated 
GFR (r= -0.1, Pv= 0.5). There also was not any association between GFR estimated by Pöge and Benlamri for-
mulas and DTPA scans. In contrast, there was a significant association between DTPA GFR and White BTP 
formula-estimated GFR (r=0.77 r=0.00).  

Conclusion: This study showed that GFR estimated by serum beta trace protein and White formula had ac-
curacy over Schwartz formula in children with normal or mild reduced GFR; however, this result needs to be 
confirmed by additional studies with more cases. 
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Introduction 
The measurement of glomerular filtration rate 

(GFR) is the best method for renal function as-
sessment. Inulin clearance is the gold standard 
test for GFR measurement.  Nuclear medicine 
scans, while accurate, are expensive and involve 
radiation exposure. Serum creatinine concentra-
tion and creatinine clearance are currently used 
for estimating GFR. However, serum creatinine 
as a GFR marker has some problems: the level 
depends on the body’s muscle mass, and its con-
centration is insensitive to early changes of GFR. 
Additionally, serum creatinine, which can overes-
timate GFR, can be eliminated by several non-
renal routes in children with chronic kidney dis-
ease. Thus, it appears that Schwartz-estimated 
GFR cannot be accurate in patients with low 

muscle mass or chronic kidney disease (1). Many 
investigators have tried to reduce these problems 
by using other GFR markers or by modifying the 
traditional GFR formulae based on serum creati-
nine. Beta trace protein, an endogenous marker, 
has recently been introduced for this aim and has 
been used with success in recent studies.  

The aim of this study was to assess serum beta 
trace protein as a GFR marker. We estimated 
GFR based on serum BTP and serum creatinine, 
and compared them with gold standard GFR.  

 
Methods 
We obtained serum samples from 27 children 

with various renal involvement referred for nu-
clear medicine assessment. Patients’ ages ranged 
from 0.2 to 15 years, with a mean of 4.9±3.9 
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years. DTPA scan was performed on all patients, 
and serum creatinine and beta trace protein were 
also measured concurrently. Serum creatinine was 
measured by Jaffe reaction, and Schwartz formula 
was used for GFR estimation. GFR estimation by 
serum BTP was performed by three equations: 

 
White formula (1):  
GFR=167.8×BTP-0.758×creatinine-0.204 
Pöge formula (2):  
GFR=974.31×BTP-0.2594 ×creatinine-0.647 
Benlamri formula (3):  
GFR=10^(1.902 + (0.9515×LOG(1/BTP)). 
 
Scintigraphic measurement of GFR was per-

formed using an ADAC single-headed gamma 
camera. Patients were advised to drink adequate 
water to be well hydrated. After an IV injection of 
185-259 Mbq Tc-DTPA, sequential 2sec/frame 
images were obtained for the first 1 minute of the 
study as the blood flow phase. The 1min/frame 
images were acquired after that up to 30 minutes. 
If retention of activity was noted in the collecting 
system at the 20th min, 1 mg/kg Lasix was also 
injected. Pre- and post- injection syringes were 
counted for 1 min at a standard distance from the 
detector. Renal graft depth was determined by a 
sonographist colleague. Regions of interest (ROI) 
were drawn manually around the renal graft on 
the 1-3 frames and also as a background area in-
ferolateral to the graft. GFR was calculated by the 
modified Gates method with the following formu-
la: 

 
Total renal uptake percent (%) = (k-b)/e-µx/ 
Pre-post 

  
K: kidney count  
b: background count         
x: renal depth                    
µ: attenuation coefficient of 99mTc in soft tissue 
(0.153/cm) 
e: constant 

 
GFR= Total renal uptake percent (%) ×100 

×9.81270 – 6.82519 
 
We compared GFRs estimated by BTP equa-

tions and Schwartz formula with DTPA GFR as 
the gold standard.  

 
Statistical analysis 
Statistical analysis was performed with SPSS 

for Windows, version 13. Descriptive results were 
expressed as mean ± standard deviation. Associa-
tions between variables (GFRs) were assessed 

with the Pearson or Spearman correlation coeffi-
cient. Pearson correlation was used for quantita-
tive variables with normal distribution, and 
Spearman correlation was used for those without 
normal distribution.  P≤0.05 was considered sta-
tistically significant.  

 
Results 
27 patients were assessed in this study. 15 pa-

tients (55.6%) were male. The mean age of pa-
tients was 4.9±3.9 years, and the mean height was 
102.6±28.5. The mean GFR estimated by 
Schwartz formula was 88.8±22.4 cc/min/1.73 m2 
(58-141 cc/min/1.73m2). The mean GFR meas-
ured by DTPA scan was 161.7±76.4 cc/min/1.73 
m2 (51-357 cc/min/1.73 m2). GFR estimated by 
BTP formulas 1, 2, and 3 were 98.37±21.8, 
182.4±152.4, and 264.13±66.6 cc/min/1.73m2, 
respectively. Regarding DTPA GFR, 5 patients 
had DTPA GFR less than 90 cc/min/1.73m2, and 
other patients had DTPA GFR≥100 cc/min/1.73 
m2.  

We determined the correlation between DTPA 
GFR with reverse BTP and GFRs estimated by 
Schwartz and BTP formulas. The correlation co-
efficients between DTPA GFR and Schwartz 
GFR, reverse BTP and BTP GFR formulas 1, 2, 
and 3 were r=-0.1 (P=0.5), r=0.5 (P=0.007), 
r=0.77 (P=0.00), r=0.3 (P=0.12), and r=-0.1 
(P=0.54),       respectively (Figure 1).  

We also designed a GFR formula based on the 
serum creatinine and beta trace protein: 

 
GFR= -244.4 × BTP-169.17 × creatinine + 

364.6 (P=0.002) (r=0.55, Pv= 0.002). 
 
Discussion 
Beta trace protein (BTP) is a 23 to 29 KDa pro-

tein. This low molecular weight enzyme is freely 
filtrated by the glomerulus without secretion 
and/or reabsorption in renal tubules. Consequent-
ly, serum beta trace protein level correlates with 
GFR. BTP has some benefits as a GFR marker. 
Serum BTP concentration is not associated with 
C-reactive protein and inflammation (2). This 
marker is not changed by body composition 
changes (3). It reflects GFR status in the third 
trimester of pregnancy (4). The serum BTP con-
centration is unaffected by thyroid function (5). 
Its serum levels are possibly unaffected by corti-
costeroid administration. However a recent study 
has shown the effect of high corticosteroid level 
on serum BTP concentration (6) unlike most oth-
er studies (7). It appears that BTP may have roles 
in GFR estimation in the future, especially in 
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conditions in which serum cystatin C cannot be 
used, such as in neonates or pregnant females (8).  

Filler et al. assessed serum samples from 225 
children with various renal pathologies. They 
showed that the correlations of nuclear medicine 
clearance with the reciprocals of BTP, Cys-C, and 
the Schwartz GFR were significant (r=0.653, 
0.765, and 0.706, respectively; P<0.05). These 
correlations were higher than the reciprocal of 
creatinine or beta-2 microglubolin (r=0.500 and 
0.557, respectively). BTP increased the diagnostic 
sensitivity by 30% in comparison with serum cre-
atinine, but BTP was not more sensitive than se-
rum cystatin C or GFR estimated by Schwartz 
formula in this study (9).   

Benlamri et al. determined a formula based on 
the serum BTP in 387 children who underwent 
99mTc-diethylene triamine pentaacetic acid renal 
scans. This formula was GFR=10^ (1.902 + 
(0.9515×LOG(1/BTP)). The correlation between 
this new BTP-related GFR and DTPA GFR was 
significant (r=0.8). GFR estimated by BTP in this 
study had accuracy over Schwartz GFR formula 
(r=0.8 vs r=0.7) (10).  

In another study, White et al. assessed the vali-
dation of four BTP equations in 54 children with 
impaired kidney function. These BTP equations 

included:  
 
White equation: 
GFR= 167.8×BTP-0.758×creatinine-0.204× (0.871 

if female) 
 
Pöge equation: 
GFR= 974.31×BTP-0.2594 ×creatinine-0.647 
 
They found that White equation had a low me-

dian bias and high accuracy rate. In contrast, 
Schwartz equation had high median bias and re-
duced accuracy in this study (11).   

We also found that GFRs estimated by White 
formula correlated significantly with DTPA GFR, 
while this correlation was not found between 
GFR estimated by Pöge, Benlamri, and Schwartz 
formulas with DTPA GFR.  

We also previously found an insignificant cor-
relation between BTP GFR and Schwartz GFR in 
110 children with a Schwartz GFR more than 60 
cc/min/1.73m2 in an unpublished paper (in press). 
As most patients in this study also had normal 
GFR, these finding may indicate the superiority 
of BTP as a GFR marker in comparison with se-
rum creatinine in children with normal renal func-
tion. However, these results need confirmation by 

 
Fig 1. The correlation between DTPA GFR with Schwartz GFR (a), reverse BTP (b), BTP GFRs based on formulas 
1(c) and 2 (d) 
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further studies.  
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