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population, Bland Altman plot showed that the two
tests had acceptable limits of agreement in lower
GFR values but the limits became wider at higher
GFR values.

Abstract
Introduction: Glomerular filtration rate (GFR) is
used as a measure of overall renal function.
Creatinine clearance (CrCl) based estimation of
GFR requires a 24-hour collection of urine which is
cumbersome and time consuming. Instead,
Schwartz formula is used for the estimation of GFR
based on calculations. It is an estimate of GFR
(eGFR) in children, derived from body length (L, in
cm), serum creatinine (Scr, in mg/dL) and a constant
(k = 0.55): GFR = (0.55 × L) /Scr. However, it is
important to cross validate this equation before
using it in Sri Lankan children.

Conclusions: A weak but statistically significant
correlation was seen between eGFR based on CrCl
and eGFR derived from Schwartz formula.
DOI: http://dx.doi.org/10.4038/sljch.v46i2.8273
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Objective: To cross validate the use of Schwartz
formula against CrCl, in a paediatric population in
determining the glomerular function.

Introduction
Glomerular filtration rate (GFR) is a measure of the
overall renal function in health and disease1. It is
useful in determining treatment, monitoring disease
progression, predicting the point at which renal
replacement therapy will be required and providing
a guide to adjust dosages of drugs excreted by the
kidney in order to prevent toxicity1. Renal inulin
clearance, considered as the gold standard for
determining GFR, cannot be used routinely as it is
time consuming and expensive1. Creatinine
clearance (CrCl) based estimations of GFR are
commonly used due to their practicability in day to
day clinical practice. However, they require a 24hour urine collection which is cumbersome and time
consuming both for the patient and the staff.

Method: A cross-sectional descriptive study was
carried out at Lady Ridgeway Hospital for Children,
Colombo, Sri Lanka. Forty seven children with
chronic kidney disease from medical wards and
nephrology clinic and 26 healthy children, between
the ages of 3-12 years were recruited. In these
patients GFR was determined using CrCl and
calculated GFR by Schwartz formula using serum
creatinine measure. The CrCl values were compared
against eGFR derived from Schwartz formula.
Correlation and limits of agreement between the two
methods were evaluated.
Results: Although a weak but statistically
significant correlation (r = 0.476, P<0.001) was
observed between GFR determined by CrCl and that
estimated by Schwartz formula in the whole
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Efforts have been made to improve rapid estimation
of GFR for children using equations, without a 24hour urine collection. One such equation is the
Schwartz formula, based on a mathematical
relationship between serum creatinine (Scr) and
GFR. The equation consists of the concept of height,
as a surrogate measure of muscle mass, divided by
Scr as a marker of glomerular function. Therefore,
eGFR = k × L/Scr, where eGFR represents
estimated GFR in ml/min/1.73m2, L represents
height in cm, Scr represents serum creatinine in
mg/dL3 and k is an empirical constant determined by
comparing the L/Scr against measured GFR2,3.
Schwartz et al revealed excellent agreement of
eGFR using Schwartz formula with GFR estimated
by CrCl (r = 0.935) or inulin clearance (r = 0.905)3.
Limitations to the use of Schwartz formula have
been noted. The constant k varies with the age and
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sex of the child2. The larger value for k (0.7) for
adolescent boys indicates the greater rate of urinary
creatinine excretion (depending on muscle mass) in
this group of children2. Mouin et al reported that the
eGFR calculated using Schwartz formula
overestimates the GFR in patients with renal
disease4.

collection of urine during the 24-hour period.
Adequacy of the 24-hour urine collection was
assessed by comparing the amount of total creatinine
in the sample to the established realistic creatinine
excretion rate in children (70–195 µmol/kg/day).
Any outliers were excluded from the study. All
samples were analysed on the same day of collection
upon receipt at the Department of Chemical
Pathology, Lady Ridgeway Hospital.

Objective
To cross validate the use of Schwartz formula
against CrCl as the criterion standard, in
determining the glomerular function in Sri Lankan
children.

Urine and serum creatinine were measured by
modified rate Jaffe method. Between-run
coefficients of variation for urine creatinine were
5.8% and 4.7% at 3004µmol/L and 11,200µmol/L
levels of concentrations respectively. The between
run coefficients of variation for serum creatinine
were 6.1% and 4.2% at serum concentrations of 55
and 110 µmol/L respectively. All were analysed by
Konelab Prime 30 fully automated analyser
(Thermo Scientific, Finland). With each analytical
run, quality control samples at 2 levels (high and
low) were analysed. CrCl was expressed as
ml/minute/1.73m2 and eGFR was calculated using
the Schwartz formula; (0.55 × L)/Scr. The study
protocol was reviewed and approved by the ethics
review committee of Lady Ridgeway Hospital.

Method
Children with kidney disease (chronic renal failure
or nephrotic syndrome) between the ages of 3 to 12
years, who were admitted to medical wards or
attended the nephrology clinic at Lady Ridgeway
Hospital for Children, Colombo were recruited.
Children with no past history of urinary tract
infections, renal disease or abnormal urine analysis
results and with a negative family history of renal
disease were recruited as healthy children. Informed
written consent was obtained from the parents and a
random urine sample was obtained for microscopic
(urinary full report) and biochemical evaluation
(dipstick testing for urine protein).

Data were analysed using SPSS statistical package.
Standard descriptive methods (mean, median,
standard deviation etc.) were used to describe the
measured parameters. Correlation coefficients were
used to quantify the association between the
estimated GFR values. The limits of agreement
between the two parameters were analysed by the
Bland Altman plot.

Patients with urinary tract infections, haematuria,
proteinuria and who had taken cephalosporins
within the last 2 weeks were excluded. During the
first interview demographic data including age, sex,
body weight and height were obtained. Body weight
was measured to the nearest 0.1 kg by a standard
beam balance and height was measured to the
nearest 0.5 cm without shoes using a wall-mounted
stadiometer. A 24-hour urine collection was
obtained along with a sample of blood drawn during
the same 24 hour from each study subject. All
parents were given clear instructions regarding

Results
Twenty six healthy children and forty seven children
with kidney disease were enrolled in the study.
Demographic and anthropometric data of these
children are given in table 1.

Table 1: Demographic and anthropometric data for healthy children and children with kidney disease
Healthy children (n=26)
Children with kidney disease (n=47)
Sex (girls/boys)
17/9
29/18
Age (years)
9.0 (7.2-10.8)
6.8 (5.6-8.6)
Height (cm)
133.5 (119.9-143)
114.0 (105-129)
Weight (kg)
27.5 (22.9-36.5)
22.0 (16.5-6.5)
BMI (kg/m2)
15.6 (14.5-19.5)
15.4 (14.1-17.4)
*Data expressed as median (range)
The difference in median weight and height between
patients with kidney disease and normal healthy
children may be due to the difference in age
distribution in these two groups.

Biochemical parameters, Scr, CrCl and eGFR using
Schwartz formula for the healthy subjects and
patients with renal disease are given in table 2.
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Table 2: Glomerular filtration assessment data of healthy children and children with kidney disease
Healthy children (n=26) Children with kidney disease (n=47)
51.5 (45-55.25)
39 (36-50)
Serum creatinine (μmol/L)
Creatinine clearance (ml/min/1.73 m2)
93 (78.7-109)
92 (75-110)
e GFR (ml/min/1.73m2)
124 (112.25-145.5)
140 (119-155)
*Data expressed as median (range)
Due to the low number of patients with chronic renal
failure and relatively higher number of patients with
nephrotic syndrome recruited to the study, the Scr
and CrCl values in the patients with kidney disease
were within the normal range. A significant positive
correlation between CrCl and eGFR (r=0.476,
P<0.001) was noted (Figure 1). According to Bland
Altman plot, the limits of agreement were -20.7 to
+96.1. (Figure 2).

overestimated the GFR assessed by CrCl, by 37.7
ml/min/1.73m2.
Discussion
Collection of 24-hour urine samples to calculate
CrCl is cumbersome and prone to errors. In children,
use of CrCl to determine GFR is unreliable as it
requires toilet training and complete voiding. In
addition in patients with chronic kidney disease
extra renal clearance of creatinine would result in
falsely high CrCl values. The ability of the Schwartz
formula to estimate GFR accurately in children has
been investigated broadly. The eGFR has been
compared with the renal clearance of either an
exogenous substance or endogenous creatinine.
Studies have revealed that eGFR calculated by
Schwartz formula overestimates the CrCl measured
by renal clearance of substances4. Original Schwartz
formula was developed in a group of patients with
chronic kidney disease, using inulin clearance as the
reference method and creatinine measured by a
modified Jaffe reaction, which may have
overestimated true creatinine value3. Many of the
studies, which later evaluated the Schwartz formula
in children, have substituted creatinine clearance for
inulin clearance for the measurement of GFR, in
assessing bias and precision of eGFR in different
populations. Similarly we studied the validity of use
of Schwartz formula in determining GFR in children
by measuring Scr with the kinetic Jaffe method and
CrCl as the reference method. Although the
correlation coefficient is highly statistically
significant, the strength of the correlation was low.
According to the Bland Altman plot, it shows a wide
difference between the values of measured and
eGFR and this difference is widened in higher
values of GFR. However there were only few
patients with very low GFR values.
Hari et al based on the regression analysis, found the
value of k to be 0.42 in Indian children. According
to Hari et al creatinine was estimated by kinetic Jaffe
method and clearance of 99mTc-DTPA was used as
the reference method to measure GFR7. Applying
this k value (0.42) instead of 0.55, eGFR was recalculated using the data set of the current study.
Then the data were re-analysed using correlation and
Bland Altman plot. According to those results, the
Bland Altman plot showed limits of agreement
within -37.9 to + 52.9, somewhat low compared to
the use of the original constant described by
Schwartz, but still considerably wide and the

The limits of agreement became wider as the GFR
value increased. Hence despite good correlation the
agreement between eGFR and CrCl had wide limits
of agreement especially at high levels of GFR.
However almost all the values were within ± 2SD
limits. According to the mean bias, eGFR
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agreement between eGFR and creatinine clearance
showed wider limits of agreement especially at high
levels of eGFR. However almost all the values were
within ± 2SD limits. When the constant of the
formula was changed to 0.42, the mean bias reduced
to 7.5 ml/min/1.73m2. Therefore, the use of a
constant validated on an Indian population,
improved the validity of estimation of GFR.

relationship existed between CrCl and eGFR by
Schwartz formula, it could be improved by
determining the most appropriate constant ‘k’ value
used in the formula. Therefore the k in the Schwartz
formula may have to be validated to suit the
population under study before routine use in clinical
settings.
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Mouin et al reported that the eGFR calculated using
Schwartz formula overestimates the GFR in patients
with renal disease4. At very low values of GFR ((≤15
mL/min/1.73m2), the percentage of overestimation
of eGFR has been high (164%±42%), compared to
the percentage overestimation of eGFR in children
with normal (10.3±3%) and mildly reduced GFRs
(90.3±14.3%)4.
Therefore
the
degree
of
overestimation of GFR by Schwartz formula was
inversely related to the level of renal function.
Schwartz formula therefore would provide a better
estimation for children with normal renal function or
with mild renal insufficiency. However the
reference standard used in this study was 125Iodineiothalamate clearance (CIO)4.
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