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easuring the glomerular filtration rate (GFR) re-

mains indicated in specific patients and/or spe-
cific clinical contexts."” For practical reasons, plasma
clearances are preferred instead of urinary clearance. In
most centers, the plasma clearance is calculated from
exogenous marker concentrations obtained during the
excretion phase (the second or slow GFR compartment),
which is the most important for GFR determination.
However, GFR is systematically overestimated because
the part of the area under the curve (AUC) from the
first (or early) compartment, which corresponds to the
distribution of the marker in the body, is neglected.
Because the AUC of the first compartment is not
measured but estimated, it is prone to some impreci-
sion, notably in high GFR ranges. Moreover, this
overestimation can be corrected using various pub-
lished mathematical models published by Chantler (C),
Brochner-Mortensen (BM), Fleming (F), Jodal-Bréch-
ner-Mortensen (JBM), and Ng (N) (equations are given
in Supplementary Table S1).”’ Few data are available
on the comparison between these models. This is the
goal of the current study.

From 6 different cohorts,®’ we collected results of
measured GFR by plasma clearance (iohexol or
>!Cr—ethylenediamine tetraacetic acid [EDTA]) and
compared the results obtained with the different
correction equations (methods are described in detail in
the Supplementary Methods).
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Among the 5459 participants, the mean age was 53 &+
17 years, and 42.9% were women. Mean height and
body weight were 168 & 10 cm and 73 £+ 17 kg,
respectively. Mean body mass index (BMI) and body
surface area (BSA) were 26 kg/m® + 6 kg/m” and 1.85
m® £ 0.24 m® respectively. Mean measured GFR
(mGFR) with C, BM, F, JBM, and Ng was 63 ml/min per
1.73 m> & 28 ml/min per 1.73 m’®, 64 ml/min per 1.73
m? + 25 ml/min per 1.73 m?, 63 ml/min per 1.73 m> +
24 ml/min per 1.73 mz, 64 ml/min per 1.73 m? + 25 ml/
min per 1.73 rnz, and 65 ml/min per 1.73 m? + 26 ml/
min per 1.73 m?, respectively. Lin’s concordance cor-
relation coefficient and biases are described in detail in
Supplementary Table S2 in the Supplementary Mate-
rial, but all comparisons showed almost perfect corre-
lation (with concordance correlation coefficients
>0.99). Regarding bias, all comparisons showed that
bias was not relevant from a clinical perspective (the
highest bias being 3 ml/min per 1.73 rnz). All concor-
dance within 10% and 5% are given in Table 1.
Concordance within 10% is 100% for all comparisons,
except when C equation is considered. Within 5%
concordance was also close to 100% for all equations,
except between F and N and when the C equation is
considered in the comparison. Subanalyses (see Sup-
plemental Material) were repeated in subgroups ac-
cording to GFR levels in Supplementary Table S3
(based on the BM method in 6 categories: >130 ml/min
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Table 1. Concordance within 10% (above diagonal) and within 5%
(below diagonal)

C BM F JBM N
C = 97.1 96.8 96.2 91.7
BM 51.9 — 100 100 100
F 59.6 100 = 100 100
JBM 54.3 100 100 — 100
N 37.4 98.8 90.7 98.9 =

BM, Bréchner-Mortensen; C, Chantler; F, Fleming; JBM, Jodal-Bréchner-Mortensen; N, Ng.
All results are expressed as percentages.

per 1.73 m?, 90—130 ml/min per 1.73 m?, 60—90 ml/
min per 1.73 m?, 45—60 ml/min per 1.73 m*, 30—45 ml/
min per 1.73 mz, and =30 ml/min per 1.73 mz), sex in
Supplementary Table S4, BMI in Supplementary Table
S5 (<18.5 kg/m?, 18.5—25 kg/m?, 25—30 kg/m®, 30—35
kg/m®, 35—40 kg/m’, and =40 kg/m?, respectively),
and age in Supplementary Table S6 (categorized in
decades). Conclusions were not different from those of
the total cohort when analyses were made according to
sex or BMI. Only the variable GFR level influenced
concordance, with less concordance in high GFR levels,
even if results were still quite similar between BM and
F, BM and JBM, and F and JBM. Excluding results from
the C equation which is, once again, the most
discrepant, we observed a discordance of more than
5% when the slow GFR was above 290, 290, 155, 290,
117, and 128 ml/min per 1.73 m? comparing BM-F, BM-
JBM, BM-N, F-JBM, F-N, and JBM-N, respectively.

To the best of our knowledge, the current, multi-
centric study is the largest one comparing the different
equations to correct the overestimation of the GFR
obtained from the slow compartment. Two important
conclusions should be drawn. First, the method pro-
posed by Chantler in 1969 deviated most from all other
methods. It can be reasonably presumed that this
method was an oversimplification (C correction is just a
linear correction), and we recommend that it should be
abandoned. Second, all other models give very similar
results, except at high GFR levels. The BM correction is
the mostly used in the literature with iohexol and
*!Cr-EDTA, whereas the F model is mostly used with
**Tc—diethylene triamine pentaacetic acid (DTPA), but
obviously all these equations are interchangeable. More
discrepancies can be observed at very high GFR levels.
However, these discrepancies are observed at GFR
levels which are higher than the threshold usually
considered for the diagnosis of hyperfiltration,
and therefore the clinical impact of such discrepancies
is limited. BM correction is known to underestimate
renal clearance at such high GFR levels. The perfor-
mance of other equations at such high levels is not well
known.

The main limitation of the current analysis is the
absence of renal/urinary clearance and/or plasma
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samples in the first (or early) compartment. Thus, we
can assert that all equations, except the C one, are
equivalent when measured GFR is lower than 130 ml/
min 1.73 mz, but it remains difficult to know which one
is the most accurate in the highest range of GFR.
Further studies in this specific range of GFR are still
required.

DISCLOSURE

All the authors declared no competing interests.

ACKNOWLEDGMENTS

We thank all the nurses and colleagues who helped in the
GFR procedures or calculations: Arnaud Borsu and Jean
Damascene Barahira in Liege, Markus van der Giet in
Berlin, and the nurses from the “Clinique de médecine
ambulatoire” unit in the Edouard Herriot Hospital in Lyon.

SUPPLEMENTARY MATERIAL

Supplementary File (PDF)

Supplementary Methods.

Supplementary References.

Table S1. Different equations to correct for the absence of
the first compartment.

Table S2. Concordance correlation coefficient (with 95%
Cl) and bias + SD between the different methods.

Table S3. Comparison of concordance within 5 and 10%
between the different models according to GFR levels.
Table S4. Comparison of concordance within 5 and 10%
between the different models according to sex.

Table S5. Comparison of concordance within 5 and 10%
between the different models according to BMI levels.
Table S6. Comparison of concordance 5 and 10% between
the different models according to age.

REFERENCES

Delanaye P, Melsom T, Ebert N, et al. lohexol plasma clearance
for measuring glomerular filtration rate in clinical practice and
research: a review. Part 2: why to measure glomerular filtra-
tion rate with iohexol? Clin Kidney J. 2016;9:700-704.

Agarwal R, Delanaye P. Glomerular filtration rate: when to

measure and in which patients? Nephrol Dial Transplant.
2019;34:2001-2007.

-

N

w

Brochner-Mortensen J. A simple method for the determination
of glomerular filtration rate. Scand J Clin Lab Invest. 1972;30:
271-274.

b

Chantler C, Barratt TM. Estimation of glomerular filtration rate
from plasma clearance of 51-chromium edetic acid. Arch Dis
Child. 1972;47:613-617.

Fleming JS, Zivanovic MA, Blake GM, et al. Guidelines
for the measurement of glomerular filtration rate
using plasma sampling. Nucl Med Commun. 2004;25:
759-769.

6. Jodal L, Brochner-Mortensen J, Jodal L, et al. Reassessment of
a classical single injection 51Cr-EDTA clearance method for

o

Kidney International Reports (2020) 5, 1061-1089


https://doi.org/10.1016/j.ekir.2020.04.015
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref1
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref1
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref1
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref1
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref2
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref2
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref2
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref3
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref3
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref3
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref4
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref4
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref4
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref5
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref5
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref5
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref5
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref6
http://refhub.elsevier.com/S2468-0249(20)31214-6/sref6

determination of renal function in children and adults. Part I:
analytically correct relationship between total and one-pool
clearance. Scand J Clin Lab Invest. 2009;69:305-313.

7. Ng DK, Schwartz GJ, Jacobson LP, et al. Universal
GFR determination based on two time points during
plasma iohexol disappearance. Kidney Int. 2011;80:
423-430.

RESEARCH LETTERS

8. Bukabau JB, Yayo E, Gnionsahé A, et al. Performance of
creatinine- or cystatin C-based equations to estimate glomer-
ular filtration rate in sub-Saharan African populations. Kidney
Int. 2019;95:1181-1189.

9. Delanaye P, Flamant M, Dubourg L, et al. Single- versus
multiple-sample method to measure glomerular filtration rate.
Nephrol Dial Transplant. 2018;33:1778-1785.

Regulatory B and T Cells and Their )
Association With Clinical Response o
in New-Onset Lupus Nephritis Patients

Niveditha Girimaji'°, Urvashi Kaundal®®, Manish Rathi', Aman Sharma®, Ritambhra Nada®,
Raja Ramachandran’, Aruna Rakha? and Krishan Lal Gupta'

"Department of Nephrology, Post Graduate Institute of Medical Education and Research, Chandigarh, India; 2Department of
Translational and Regenerative Medicine, Post Graduate Institute of Medical Education and Research, Chandigarh, India;
3Department of Medicine, Post Graduate Institute of Medical Education and Research, Chandigarh, India; and “Department of
Histopathology, Post Graduate Institute of Medical Education and Research, Chandigarh, India

Correspondence: Krishan Lal Gupta, Department of Nephrology, Postgraduate Institute of Medical Education and Research,
Chandigarh 160012, India. E-mail: drklgupta@gmail.com; or Aruna Rakha, Department of Translational and Regenerative
Medicine Department, Post Graduate Institute of Medical Education and Research, Chandigarh, India. E-mail: aruna_pgi @

yahoo.com

5These authors contributed equally to this work.

Received 3 January 2020; revised 20 March 2020; accepted 20 April 2020; published online 29 April 2020

Kidney Int Rep (2020) 5, 1081-1086; https://doi.org/10.1016/j.ekir.2020.04.019
© 2020 Published by Elsevier, Inc., on behalf of the International Society of Nephrology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

ystemic lupus erythematosus (SLE) is a multi-
S system disease characterized by a global loss of
self-tolerance with activation of autoreactive T and B
cells.®’ Hyperactive B cells produce a variety of anti-
bodies that form immune complexes leading to the
effector phase of the disease, and T cells contribute to
tissue injury through proinflammatory cytokines.”' >’
The imbalance between these autoreactive T-helper
cells (Th1/Th2/Th17) and regulatory T and B cells
(Tregs and Bregs, respectively) is among the many
immune-mediated responses involved in SLE.*" Tregs
suppress immune responses by modulation of
antigen-presenting cell maturation and function,
killing of target cells and production of anti-inflamma-
tory cytokines.”’ Bregs exert suppressive effects by
secretion of anti-inflammatory cytokines such as inter-
leukin (IL)—10 and engaging in cell-to-cell contact via
activation of cell death markers or co-stimulatory mol-
ecules that can also influence T-helper cell
plasticity. >
Lupus nephritis (LN) is a serious potential feature of
SLE. Studies have shown a quantitative and functional
deficiency in Tregs in SLE and LN patients.” ">

Kidney International Reports (2020) 5, 1061-1089

Similarly, abnormalities in Bregs have been reported in
SLE.* &59-st However, at present, there is no system-
atic study reporting the role Bregs in new-onset LN.
Therefore, in our study, we aimed to monitor the base-
line levels of Breg and Treg populations in new-onset LN
patients and changes in their profile in response to
immunosuppressive (IS) drugs. We also analyzed the
association of regulatory cells with clinical response in
LN patients. Unlike Tregs, which are uniformly identi-
fied as CD3"CD4"CD25™ FoxP3" CD127°,°” Bregs have
been reported to have varying phenotypes, the secretion
of IL-10 being characteristic, regardless of phenotype.
We studied CD197CD5"CD1d"1L-10" Bregs, which have
been reported to have potent regulatory function in both
murine and human studies.”**" **'*

RESULTS

Demographic and Clinical Parameters

During the study period, a total of 25 patients with
new-onset LN were recruited. The mean age of the
patients was 29.35 & 9.783 years. There was a fe-
male preponderance, with a female:male ratio of
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