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Measuring glomerular filtration rate using chromium-51 EDTA: body surface
areanormalization before or after Brgchner-Mortensen correction?

Nuclear Medicine Communications 2015, 36:2%80 (Letters to the Editor)

Glen M. Blake, Mark C. Barnfield, Maria T. Burniston, Philip S. Cosgriff, John S. Fleming and
Anthony W. Murray

We read with interest the article by Pottel et al.‘Mgasuring glomerular filtration rate using 51Cr-
EDTA: body surface area normalization before or after Brgchfuetensen correction?’. The authors
guestion the basis for the recommendation in the British Nuclear Medicine Society (BNMS)
guidelines [2] that glomerular filtration rate (GFR) measurements using the slope-in(8igep
method be corrected for body surface area (BSA) before applying the Brachner-Mortensen (BM)
correction for the missing area under the curve (AUC). They argue that in Brddbrtensen’s

original paper describing the correction of SI-GFR measurements in adults [3] thereastium rof

the BSA adjustment, and that his correction for the missing AUC was derived using dater¢habiv
corrected for BSA. Furthermore, in a group of 20 children and young adults-&2fegéars with
Duchenne muscular dystrophy (DMD), the authors report that when the BM correction was applied
first they found close agreement between the corrected SI-GFR and the true GFR calcuitirgl by f
a biexponential curve, but a deviation of 5.5% when the BSA correction was applied first.

As authors of the BNMS guidelines [2], we acknowledge that in his 1972 paper [3] Brochner-
Mortensen developed the AUC correction using GFR measurements that were not corrected for BSA.
However, the first paper published on a topic is rarely the last word on the subject. The 1972 paper
dealt with a group of 74 adults with renal disease in whom the variation in BSA was modest, and the
significance of the order in which the two corrections were applied was not obvious atethe ti

When, subsequently, in 1974 Bréchner-Mortensen et al. [4] described the AUC correction in children
aged 112 years, the effect of performing the corrections in the wrong order became obvious, and
they were duly applied in the right order: namely, the BSA correction first followed by the AUC
correction. As demonstrated by Pottel et al. [1] in table 1 of their paper, for BSA valuesd§pical

adults the order in which the two corrections are applied causes differences of less ttadh %66 ce

in adults the choice is immaterial. To avoid confusion and ensure consistency between children and
adults, and to promote uniformity in practice at different centres [5], when the BNMS GFRrpsdel

[2] were drafted it seemed reasonable to us to recommend the same approach in all patients.

There are additional reasons for believing that applying the BSA correctios finst iight approach.
SI-GFR is calculated by multiplying the volume of distribution (VD) by the slope KT of thertair
exponential (SI-GFR=VD x kT) [2]. As KT itself may be used as a measure of renal fuhetiés
independent of body size [6], the BSA correction can be regarded as an approximate adjustment of
VD for differences in body size. The question then arises whether the same BSA adjustment should
also be applied to the correction for the missing AUC. This issue was examined by Fleming [7], and
also by Jgdal and Brgchner-Mortensen (JBM) [8]. On the basis of a mathematical analysis of the two-
compartment model, Fleming [7] derived an improved equation for correcting SI-GFR measurements
for the missing AUC:

True GFR =SI-GFR / (1+f 6I-GFR).

Expanding this equation and truncating it at the quadratic term we obtain:



True GFR =SI-GFR-f xSI-GFR,

showing that the BM correction is an approximation to Eq. (1). In his theoretical analysis Fleming
showed that the coefficient f can be approximated by 1/4kEVP, where kE is the rate congtant for

flow of tracer between the plasma compartment and the extravascular space and VP is the plasma
volume. From this relationship and Eqg. (2) it follows that the application of BSA correctiae befo

BM adjustment amounts to an assumption that the BSA body size correction should be applied to both
VP and VD.

In a later paper based on an independent analysis, JBM also found an inverse relationship between
Fleming’s coefficient f and VP [8]. However, on the basis of chromium-51 EDTA (51Cr-EDTA)
plasma clearance data on 134 men, women and children, instead of the expected linear relationship
between VP and BSA, they found a power-law relationship with an index of 1.34. On the basis of
these findings, JBM derived twolseonsistent AUC correction formulae based on Eq. (1), one
between the BSA-corrected values of SI-GFR and true GFR:

TrueGFRssa = SI-GFRssA / 1+0.0018%BSA 03
XSI-GFRssa),

and the second between the uncorrected GFR values:
TrueGFR =SI-GFR / (1+0.0032BSA™*3
xSI-GFR).

These equations have several advantages over the conventional BM correction. They can be applied to
both children and adults, and are more accurate in children with high GFR [9], such as reported by
Pottel et al. [1] for patients with DMD. Their use makes the debate about the correct ordeyinfappl

the BM and BSA corrections irrelevant, as they provide completely self-consisters stsuing

with either the BSA-corrected or the BSA-uncorrected SI-GFR value.

We turn now to the data presented by Pottel et al. [1] on 20 children and young adults with DMD. We
tested their recommendation of performing the BM correction first in an independent datd 48t
children and adults aged 65% years who underwent GFR studieSt James’ Hospital, Leeds. A

full description of the data has been published elsewhere [9]. The Leeds study used 99mTc-DTPA as
the GFR tracer instead of 51Cr-EDTA, but the BM correction for the two tracers has beertshown

be the same [10]. The SI-GFR was derived from 2, 3 and 4 h data, and true GFR from the full plasma
curve

[Fig. 1:

Scatter plots of estimated GFR derived from thpalmtercept GFR against the true GFR calculated
from multiple blood samples taken between 5 and@#0after injection. Data are taken from the
Leeds study [9]. Top row: results for 61 childrerder 13 years of age. Bottom row: results for 81
older children and adults. Left hand column (a,eftimated GFR calculated as described by Pottel
et al. [1] with the adult Brgchner-Mortensen (BMyection [3] applied first followed by the
correction for body surface area (BSA); Middle aotu(b, e): estimated GFR calculated by applying
the BSA correction first followed by the paediatBM [4] for children under 13 years of age and the
adult BM [3] for older children and adults. Righand column (c, f): estimated GFR calculated using
the Jgdal and Brgchner-Mortensen correction [8agDnal lines are the lines of identity. GFR,
glomerular filtration rate.]



starting 5 min after injection. Patients were divided into two groups: children aged 12 and younger
consistent with Brgchnevtortensen’s paediatric study [4], and older children and adults. Scatter plots
of estimated GFR against true GFR were drawn for both groups in three ways:

(1) By applying the adult BM correction [3] before BSA correction, as suggested by Pottel and
colleagues (Fig. 1a and d);

(2) By applying the paediatric BM correction [4] after BSA correction for children utlgears,
and using the corresponding adult BM correction [3] for older children and adults (Fig. 1b and e);

(3) Using the JBM correction [8] (Fig. 1c and f).

For older children and adults all three approaches for estimating GFR agreed closely wittRrue GF
(Fig. 1d-). For younger children the JBM correction gave good agreement over the full range of GFR
values (Fig. 1c). In contrast, the Pottel method systematically overestimated true GFR, with larger
deviations at higher GFR (Fig. 1a), whereas the BM paediatric equation gave good agreement up to
125 ml/min/1.73 m2 but plateaued at higher GFRs above the range of values described in the original
paper [4] (Fig. 1b).

We look now at the GFR data for the 20 patients with DMD presented by Pottel and colleagues. We
used a web digitizer [11] to extract the BSA-corrected truesh@FR values from figure 2 of their
paper [1] andvaluated Fleming’s coefficient f by substitution in Eq. (1). We found a mean value

(95% confidence interval) dfl0 x 10—5 (84 x 10— 5-135 x 10— 5) (ml/min/1.73m2) — 1, compared

with the 170 x 10— 5 (ml/min/1.73m2) — 1 reported by Fleming [7]. We substituted the mean BSA
value of 1.33m2 reported by Pottel and colleagues for their group of 20 children and young adults in
the JBM correction equation [8] and found a predicted mean value for the DMD patient group of f=
170 x 10— 5 (ml/min- /1.73m2)— 1. When we substituted the same BSA value in the Leeds equation
[9] we found a predicted value &f 184 x 10— 5 (ml/min/1.73m2) —1.

We conclude that the results published by Pottel and colleagues overestimated the true GFR in their
DMD patients because they underestimated the missing AUC, as demonstrated by the low value of f
derived from their study. It is possible that this overestimation of true GFR arose bechese in t
protocol the first blood sample was not taken until 15 min after EDTA injection, compdtethevi

usual time of 5min [4;8L0]. As shown byPottel’s analysis, in patients with BSA values less than

1.73m2, such as children, reversing the order of corrections by applying the BM correction first
results in higher values of estimated GFR. It is clear that the conclusion of Pottel andieslleag
regarding the order of application of the BM and BSA corrections amounts to compensating for the
overestimation of true GFR caused by the underestimation of the missing AUC by invertorder

of the two corrections. For children with high GFR, such as in the DMD group, we believe that the
most reliable method of adjusting SI-GFR is the JBM correction [8].
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