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Abstract

The purpose of this study was to determine the concordance between two equations
used for estimating glomerular filtration rate, in order to verify the possibility to be used
interchangeably in the clinical practice. We present a retrospective study performed on a group
of 258 patients with chronic kidney disease treated between January 2008 and December 2009
in the Department of Nephrology of The County Hospital Targu Mures, Romania. For every
patient, glomerular filtration rate (GFR) was estimated with Cockroft-Gault (aCG) equation
adjusted for body surface (aCG) and abbreviated Modification of Diet in Renal Disease
(MDRD) formula (aMDRD). The paired t-test showed that the estimated GFR through the
abbreviated MDRD and the corrected CG equations were significantly different from each other
(p < 0.0001). There were significant differences between glomerular filtration rate estimated
with aCG and aMDRD equations (p<0.0001) between groups of patients of different ages: 41-
50 years, 51-60 years and 61-70 years, but not in patients under 40 years and over 70 years.
49.22% of the patients with GFR < 60 mL/min/1.73 m” using the aCG equation are included in
the same GFR interval in MDRD, and only 8.91% of patients had an estimated GFR > 60
mL/min/1.73 m* with both formulae. The Pearson correlation coefficient between the aCG and
the MDRD equations was good (0.83, p < 0.0001), but the kappa coefficient was 0.48,
indicating a low agreement between the 2 formulae. The conclusion of this study is that the
Cockroft and MDRD equations cannot be used interchangeably in clinical practice in order to
adjust drug doses.

Rezumat

Studiul de fata si-a propus compararea a doud ecuatii de calcul ale ratei de filtrare
glomerulara pentru a verifica daca acestea pot fi folosite interschimbabil in practica medicala.
Studiul a fost realizat retrospectiv, pe un grup de 258 pacienti diagnosticati cu boald renald
cronicd internati in Departamentul de Nefrologie a Spitalului Clinic Targu-Mures, Romania.
Pentru fiecare pacient estimarea ratei de filtrare glomerulara (RFG) a fost realizata folosind
ecuatia Cockrofi-Gault corectatd pentru suprafata corporala si ecuatia Modification of Diet in
Renal Disease (MDRD) cu patru variabile. Compararea rezultatelor obtinute cu ajutorul celor
doua formule reliefeaza existenta unei diferente statistic semnificative (p < 0,0001) atat pentru
intregul lot de pacienti, cat si pentru grupele de varsta 41-50 ani, 51-60 ani, 61-70 ani. 49,22%
din pacientii cu RFG < 60 mL/min/1,73 m” estimata pe baza ecuatiei Cockroft- Gault au fost
incadrati in acelasi interval si de formula MDRD. 8,91% dintre pacienti au avut o RFG > 60
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mL/min/1,73 m” calculatd cu ajutorul ambelor formule. Coeficientul de corelatie Pearson intre
cele doud formule a fost 0,83, p < 0,0001, dar indicele kappa a fost 0,48, indicand o concordanta
mica intre formule. In concluzie, ecuatiile Cockrofi Gault si Modification of Diet in Renal
Disease nu pot fi utilizate interschimbabil in clinica.

Keywords: glomerular filtration rate, Cockroft Gault equation, Modification of Diet in
Renal Disease (MDRD) equation

Introduction

Glomerular filtration rate (GFR) is an important tool for kidney
evaluation, in order to detect the early impairment of renal function, to allow
correct dosage of drugs cleared by the kidneys or to evaluate patients before
transplantation or before using potentially nephrotoxic radiographic contrast
media.

For clinical application, the assessment of renal function needs to be
accurate, inexpensive and easy to apply. For this reason, in an attempt to find
the best method to calculate GFR, a variety of formulas have been developed.

The National Kidney Foundation Dialysis Outcome Quality Initiative
(K/DOQI) and European Best Practice Guidelines recommend the use of
prediction equations to estimate the GFR from serum creatinine(SCr) [19].
Unfortunately, no single method is ideal for all patients because creatinine is
modified by many factors: proximal tubular secretion and extrarenal
elimination of SCr, gender and body size related differences, ethnic differences,
critical illness, diatary intake and serum creatinine assay variance [2,6,22,24].

In adults, the most commonly used formulae are those derived from the
Modification of Diet in Renal Disease (MDRD) and the Cockcroft and Gault
equations [15].

There is much controversy about which method is best for a particular
patient group. The purpose of this study was to determine the concordance
between the two equations used for estimating glomerular filtration rate, in
order to verify the possibility to be used interchangeably in clinical practice.

Materials and Methods

Study population

This is a retrospective study made on a group of patients with chronic
kidney disease treated between January 2008 and December 2009 in the
Department of Nephrology of The County Hospital Targu-Mures, Romania.
Data on age, sex, body weight, serum creatinine and about the cause of chronic
kidney disease were collected from the observation sheets. Patients with
incomplete data, who had unstable renal function or who needed kidney
replacement therapy were excluded from the study. Two hundred and fifty
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eight individuals were included in the study. For every patient, GFR was
estimated with Cockroft-Gault (CG) and abbreviated MDRD formula
(aMDRD) [7].

The MDRD Study equation estimates GFR adjusted for body surface
area (BSA). In order to compare the CG and MDRD equations we had to use
the adjusted Cockroft-Gault (aCG) formula (adjusted for BSA) [9].

Formulas used to calculate glomerular filtration rate were:
-adjusted Cockroft-Gault: (140 — Age) x weight (kg) x 0.85 (if female) x 1.73 /
72 x SCr x BSA, where BSA (mp) = weight (kg)*** x height (cm)*™ x
0.007184, according to Du Bois formula [9]
-abbreviated MDRD: eGFR = 186 x SCr ' x Age®*® x 1.210 (if black) x
0.742 (if female) [16]

Patients were classified in five subgroups defined by eGFR :

e above 90 mL/min/1.73 m?,

between 60 and 90 mL/min/1.73 m?,
30-60 mL/min/1.73 nr’,
15-30 mL/min/1.73 m’,
below 15 mL/min/1.73 m* [26].

Statistical analysis

The results are presented as mean + standard deviation (SD). Statistical
analysis was performed with paired Student’s t-test. The correlation between
methods was performed through the Pearson’s correlation coefficient.
Agreement was determined using kappa statistics and Bland-Altman plot
[3,18].

Statistical analysis was performed using the statistical software
GraphPad Prism 5. All p values less than 0.05 were considered to be
significant.

Results and Discussion

The study group comprised 258 caucasian individuals (131 male, 127
female), aged between 21 to 86 years (mean age 57.5 = 13.3 years). The mean
serum creatinine level was 3.05 £ 2.51 mg/dL (range 1.32 — 3.86 mg/dL);
mean level of blood urea nitrogen was 103.68 + 68.64 mg/dL (range 54.50 —
133.22 mg/dL). Anthropometric, clinical and biological characteristics of the
study population are presented in table I. Table II shows the distribution of
patients by age and differences between the two equations (aCG and aMDRD).
The mean estimated GFR was 47.7 + 32.3 mL/min/1.73 m® using the aCG
formula, and 35.7 +25.5 mL/min/1.73 m* using the aMDRD formula.
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Table I
Anthropometric, clinical and biological characteristics of the study population
Total Females Males p
Age (years) 5751133 559+ 13.7 59.2+12.7 0.06
Creatinine (mg/dL) 3.05+£2.51 3.51+2.71 2.60+2.22 0.00
eGFR - aCG 47.7+323 48.0 £ 34.0 46.8 £ 30.8 0.00
eGFR —aMDRD 3571255 3841278 33.0+23.2 0.00
Diabetes (no) 68 32 36 0.78
Body surface 1.85+0.227 1.75+0.194 1.97 £ 0.203 0.00
Body mass index 28.14 £5.36 28.25+5.74 28.02 £4.96 0.09
Weight (Kg) 7793 +17.21 | 7234+ 16.13 | 83.70+16.43 0.00
Table I1
Comparison of aCG and aMDRD study equations for different age groups
F les/Mal eGFR with aCG eGFR with
e‘(':la f;b 9 e — Median aMDRD - Median p
umbe (25% - 75%) (25% - 75%)
26.82 18.57
21-30 years 9/ (16.40 - 60.89) (12.26 - 47.02) 0.15
37.26 24.42
31-40 years 175 (16.91-70.03) |  (12.90 - 46.84) 0.08
40.51 25.31
41-50 years 1516 (19.03-6952) | (13.52-4698) | <0-0001
46.78 31.94
51-60 years 47/44 (2623 -75.11) (16.04 - 46.98) <0.0001
43.42 28.38
61-70 years 29128 (18.95-7476) | (1530-5323) | <0-0001
39.55 40.74
Over 71 years 20/29 (23.69 - 56.40) (20.42 - 58.07) 0.5114
29.97 40.91
Total 7.73/127 (1516-51.50) |  (20.41 - 69.72)

The paired t-test showed that the estimated GFR using the abrreviated
MDRD and the corrected CG equations were significantly different from each
other (p < 0.0001). There were significant differences between glomerular
filtration rates estimated with aCG and aMDRD equations (p<0.0001) in the
groups of patients of different age: 41-50 years, 51-60 years and 61-70 years,
but not in patients under 40 years and over 70 years.

Assessment of GFR using aCG and aMDRD resulted in statistically
significant differences both for women and for men.
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Table I11
Patient classification in the different intervals of eGFR values (mL/min/1.73 m?)
estimated by the aCG and aMDRD equations

aMDRD
formula

aCG

formula >90 [60-90) | [30-60) | [15-30) | <15 Total
>90 7 16 8 0 0 31
[60-90) 4 16 26 0 0 46
[30-60) 0 4 43 33 4 84
[15-30) 0 0 4 31 22 57
<15 0 0 0 3 37 40

11 36 81 67 63 258

The number of patients included in the different intervals of eGFR
values estimated by aCG and aMDRD formula is shown in table III. A
percent of 49.22% of the patients with eGFR < 60 mL/min/1.73 m* using
the aCG equation are included in the same eGFR interval in aMDRD, and
only 8.91% of patients had an estimated GFR > 60 mL/min/1.73 m* with
both formulae.

As it is shown in table III, aCG formula includes more patients in the
group with eGFR higher than 60 mL/min/1.73 m* as compared to aMDRD
formula (77 versus 47 patients, i.e. 29.85% versus 17.05%), whereas the
aMDRD equation includes a higher number of patients in the group with
eGFR lower than 30 mL/min/1.73 m” as compared to the aCG formula (130
versus 97, 1.e. 50.38% versus 37.59%).

When eGFR values were evaluated with either aCG and aMDRD,
the patients were classified differently in 124 cases (48.06%).

Bland—Altman plots for the differences of aGFR-CG and aGFR-
MDRD against the combined mean values are shown in figure 1.

The limits of agreement (mean difference+1.96 SD of difference) for
aCG and aMDRD formulae ranged between —22.96 to 46.80 mL/min/1.73
m’. Thus, the aMDRD estimation may range from —22.96 mL/min below to
46.80 mL/min above the aCG estimation for 95% of the cases. This
dispersion of values agrees with the modest index of agreement between
both equations.

The Pearson correlation coefficient between the aCG and the
aMDRD equations was good (0.83, p < 0.0001), but the kappa index was
0.48, indicating a low agreement between the 2 formulae (Figure 1).
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Bland-Altman of Data: aCG-aMDRD vs average

Average

Figure 1.

Plot of differences in GFR values between the aCG and aMDRD formulas and
mean values of the two formulae. The points in dotted line are 2 standard
deviations distance above or below from the mean, bias = 11.91, 95% limits of
agreement(from -22.96 to 46.80).

The glomerular filtration rate is very important in clinical practice,
especially for a correct dosage of drugs with renal excretion. In the recent
years, chronic kidney disease was recognized as a public health problem
because it’s increasing prevalence and the enormous financial burden [§8]. In
chronic kidney disease treatment, the dose-adjusting is a difficult task due to
the particularities in drugs’ clearance, modified absorption, distribution and
metabolism. Drug-related problems are common in patients with altered
kidney function [13].

In clinical practice, the assessment of GFR with high accuracy needs
exogenous markers and is difficult to perform because invasive techniques
and expensive equipment are needed.

Therefore, the mathematical estimation of GFR based on serum
creatinine and some anthropometric factors such as gender, age and
ethnicity is a useful method for evaluating kidney function.

Two formulae are widely used in the clinical practice: CG and
MDRD. From it's application in practice, Cockroft- Gault's formula became
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the traditional method used to quantify renal function and for guiding dose
adjustment. Because it has been shown that CG produces large
overestimates of creatinine clearance due to creatinine secretion, and
because it is well known that extreme values of weight (obese or cachectic),
muscle mass, age, race [11,17,21] are associated with a much weaker
correlation with the patient’s renal function, we are trying nowadays to find
other equations for the rapid assessment of renal function.

The Modification of Diet in Renal Disease (MDRD) Study equation
is now considered as providing more accurate estimates of glomerular
filtration rate (GFR) than the CG equation in patients with chronic kidney
disease (CKD). Therefore MDRD equation is used to staging CKD, but little
is know about how the equation should be used for drug dosage initiation
and adjustment.

None of these formulas has been validated for calculating drug doses

in patients with renal dysfunction. A great number of studies tried to
establish the degree of correlation of the two equations and which can be
more properly used for dose adjustments [5].
Our study compared abbreviated MDRD (aMDRD) with corrected
CG(aCG) formula in a population with different degrees of chronic kidney
disease and demonstrated that there are significant differences between
glomerular filtration rate estimated with aCG and aMDRD equations
(p<0.0001) in patients of different age:31-40 years, 41-50 years, 51-60 and
61-70 years.

Our data are consistent with other clinical studies highlighting the
discrepancies between the two equations for estimating GFR.

In a study of 5504 patients, a third of them being African American
and a similar number diagnosticated with diabetes, Stevens et al. found a
great discordance (11% to 29%) between aMDRD and aCG equations
overall and in subgroups of patients. Even so, the authors considered that
the MDRD Study equation can also be used for pharmacokinetic studies and
drug dosage adjustments [23].

In an observational analysis of 409 patients with chronic kidney
disease who were admitted to a tertiary care facility, Wargo et al.
demonstrated statistically significant differences between the CG and
MDRD equations, resulting in different dosing recommendations in 21-37%
of the patients [25].

The differences between formulas were also reported by Froissart et
al. in a group of 2095 European non-black individuals. The conclusion of
the study was that both equations lack precision and that the percentage of
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erroneous inclusion in various stages of chronic kidney disease was 30%
[10].

Botev’s study results are similar: approximately 60% of the
population classified correctly in the five GFR groups defined by the
Kidney Disease Outcomes Quality Initiative-Chronic Kidney Disease
(K/DOQI-CKD) classification [4]. Although in the group under 30 years the
number of patients was small enough to draw statistical conclusions, we
found no statistically significant differences between aCG and aMDRD
equations for age groups 21-30 and over 70 years.

Results from the literature on this subject are conflicting.

In the study of Alagiakrishnan on 170 elderly patients a 17%
discordance rate (9.61 mL/min) and a low agreement was registered for the
two formulae [1]. The study was conducted on elderly patients with chronic
kidney disease, only 20% of the patients showing serum creatinine levels
higher than normal.

In a group of 180 patients with a mean age of 85 years, of which
30% were Asian, Gill et al. found differences between mean MDRD-GFR
and CG-GFR (72.9 mL/min/1.73 m® vs 52.1 mL/min/1.73 m?), with a rate of
37.2% of the patients categorized in the same stage of CKD by both
methods. The authors concluded that CG and MDRD provided discordant
estimations in over 60% of the elderly patients and that their
interchangeable use cannot be advocated in the dosing of medications until
further prospective validations should be performed [12].

Péquignot et al., in a study on 121 patients aged 70 or older, found a
50% misclassification rate according to MDRD and a 33% rate according to
CG. They concluded that in elderly hospitalized patients CG gave a better
prediction of measured creatinine clearence (CrCl) than MDRD [20].

In a review of 26 articles comparing CG and MDRD in terms of
precision, accuracy and the risk of misclassifying by two CKD stages,
Helou decided that CG was still the best formula for the elderly patients, so
it may be early to replace CG by MDRD in drug studies [14].

It is quite possible that these results should be explained by patient’s
selection methods: different age groups, patients with or without chronic
kidney disease, patients from acute care settings, hospitalized or not.

A possible explanation for the discrepancy between the formulas
could be the percentage of diabetics: both the Cockcroft-Gault and the
MDRD equations were developed primarily in non-diabetics, thereby
raising questions regarding their use in patients with diabetes mellitus. Also,
different anthropometric characteristics of the patients may be responsible
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for the results of different studies, as well as the presence of calibration of
the creatinine assay.

Based on this study, the two equations filtration rate assessment
provided different results for all clearance intervals used in drug dosing.
This may mean, as appropriate, over- and under-dosing of medication, with
different consequences on patients. For some drugs, preventing dosing
errors can be achieved by monitoring their serum concentration. For drugs
with raised nephrotoxicity and for individual patients in whom kidney
function estimates vary, the best option for the physician is to determine
glomerular filtration rate or creatinine clearance.

Finding a rapid method for assessing renal function that can be used
for all categories of patients is however necessary.

The main limitation of our study was that we did not have gold
standard measurements for GFR values in order to investigate whether the
employed estimating methods could be interchangeably used.

Other study limitations were the relatively small sample size, the
very wide case mix of diseases, the fact that the population enrolled was not
selected randomly, but based on the availability of the required variables to
estimate GFR using the Cockcroft-Gault and MDRD equations.

Conclusions

The present study confirms the existence of significant differences
between aCG and aMDRD equations, a result which supports the conclusion
that they can not be used interchangeably in clinical practice.
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