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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. The two equations are of Cockcroft & Gault (CG) (1976) formula and MDRD (modification of
Diet in Renal Disease) (1999) formula, these two models allow the assessment of glomerular filtration rate
(GFR) by calculating creatinine clearance (CLCR).To make a comparison between these two formulas
different models were examined for Subjects with normal renal function, Patients with renal impairment,
Diabetic patients, Age and sex, finally lean and obese patients by modeling two algorithms with the two
functions. Results show that the formula of Cockcroft & Gault remains the method of choice for estimating
renal function in clinical practice.
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1. 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.
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The use of these formulas is recommended by ANAES and the National Kidney Foundation for
the diagnosis of chronic renal disease [1] [2]. Overall, the MDRD formula [3] significantly
underestimates GFR "real" about 1 ml/min/1, 73m2, while the CG formula [4] significantly
overestimates of about 2 ml/min/1,73m2 [5].

Much work has been done recently to make the comparison between these two formulas changing
in these equations [6] [7] [8] and with different conditions of patients which is relative with GFR
[9] [10] [11].

Currently, little information has been published on the performance of the CG and MDRD
equations in the elderly (age > 65 years), lean and obese, individuals with liver disease.

The paper is divided in four sections, the fist one is the introduction, secondly cover the
recognition chronic kidney disease. Cockcroft & Gault model and MDRD algorithm are presented
in section three. The last one gives Comparison of two algorithms using different cases of
patients.

2. RECOGNITION CHRONIC KIDNEY DISEASE

Recent recommendations proposed by the research group K / DOQI (Kidney Disease Outcome
Quality Initiative) of the National Kidney Foundation and American international occasions by
the group KDIGO (Kidney Disease Improving Global Outcomes), have established classification
into 5 stages of chronic kidney disease by level of GFR [12], whatever its cause. This
classification is associated with an action plan tailored to different clinical stages of kidney
disease, the goal is to slow the progression of it and treat its complications [13].

It is therefore necessary to assess the GFR of a patient to use this classification.Creatinine
depends also on its rate of production from the muscle creatine, flow is proportional to the mass
of striated muscle of the subject: it must always be interpreted in terms of this parameter. Several
formulas for estimating GFR have been developed using creatinine and correction factors
expected to take into account the interindividual variation in creatinine production by muscle
mass [14].

Table 1. Classification of determining the severity of CKD based on the GFR (ml/min/1, 73m2)

stage description
1 Suffering kidney GFR ≥ 90 + mL/min/1,73 m2

2 Suffering kidney GFR 60-89 + mL/min/1,73 m2

3 GFR 30-59 mL/min/1,73 m2

4 GFR 15-29 mL/min/1,73 m2

5 GFR < 15 mL/min/1,73 m2

3. MODELING

Formula for estimating GFR is only usable for a stable serum creatinine and is not applicable in
case of acute variation thereof. The two most commonly used are those of Cockcroft and Gault
and the data derived from the study MDRD (Modification of Diet in Renal Disease). These
formulas dedicated to the adult population.
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3.1. Model algorithm of Cockcroft and Gault

The CG was described in 1976 from 249 men hospitalized. It uses serum creatinine, as well as
age, weight and sex of the subject as an indicator of muscle mass [4].

The first algorithm is then written:
Input: Age, weight, creatinine
SYSTEM with the factors related to sex A and F: constants such as;

A = 1.23 in men and 1.04 in women.

F = 1 in men and 0.85 in women.

If serum creatinine then

End if

Output: the creatinine clearance (CLCR).

This formula estimates GFR not, but the renal clearance of creatinine mL / min. This is higher
than the GFR because creatinine is not only filtered by the glomeruli but also secreted by the
renal tubules, and this proportion especially as renal function is impaired. Its advantage is its ease
of calculation, but it has several limitations: it overestimates GFR in obese subjects, very thin or
edematous, and underestimated in the elderly. Indeed, age and weight are not good indicators of
muscle mass in these situations. Finally, it tends to underestimate the functional value of the
patients with normal renal function.

• It is currently recommended to estimate renal function in daily practice by a formula using
creatinine.

• This estimate only applies to a steady state of creatinine.

• The MDRD formula showed an overall performance.

3.2. Model algorithm MDRD

MDRD formula has been described as in 1999 from 1628 patients with chronic kidney disease. In
its latest version, published in 2006 [15], it uses serum creatinine, as well as age, sex and ethnicity
for African-Americans as indicators of muscle mass. In an effort to standardize assays, whose
variability has recently been recognized as significant cause errors of estimate GFR, serum
creatinine measured by the laboratory must be standardized in relation to mass spectrometry to be
used in the formula. This normalization is gradual implementation in laboratories, as was done a
few years ago.
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The second algorithm is then written:
Input: Age, weight, creatinine

SYSTEM with a factor related to sex A and ethnicity factor S: constants such as;

A = 1 in men and 0.742 in women.

S = 1.210 if African American subject.

This formula estimates GFR in mL/min/1,73 m2. Its performance is good in the elderly and obese.
Its boundaries are an overestimation of GFR in patients very thin, and a tendency to
underestimate in healthy subjects. There is however no systematic bias related to patient age [5].

4. COMPARISON OF TWO ALGORITHMS

4.1. Subjects with normal renal function: there is no significant difference between CG and
MDRD formulas [5], [16] despite the difference may seem large in absolute terms.

Table 2. Difference between CG and MDRD in subjects with normal renal function.

GFR gap "true"
(ml/min/1, 73m2)

MDRD CG
[5] [16] [5] [16]
-6,2 -9 -0,3 +1,9

4.2. Patients with renal impairment: The MDRD allow a better estimate of GFR than the
CG formula.

Table 3. Difference between CG and MDRD  in Patients with renal impairment

GFR gap "true"
(ml/min/1,73m2)

MDRD CG
[5] [16] [5] [16]

>60 -0,8 -3,5 +0,9 +7,9
30-60 +0,6 -1,6 +2,6 +4,5
15-30 +2,3 -0,2 +4,9 +2,9
<15 +2,4 +5,2
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Moreover, the classification of patients according to the severity of their renal failure was more
accurate with the MDRD formula: respectively 29.2 and 32.4% of patients were misclassified
when renal function was estimated with the MDRD formula or CG [5].

4.3. Diabetic patients: patients with and without diabetes, the MDRD GFR is closer to "true"
that the CG formula [16].

Table 3. Difference between CG and MDRD in patients with and without diabetes.

GFR gap "true"
(ml/min/1,73m2)

MDRD CG

Diabetics -0,2 +4,2
Nondiabetic -0,9 +3,1

4.4. Age and sex [5]: in humans, the MDRD formula is better than the CG. In women, the CG
formula may be better in some cases.

Table 4. Difference between CG and MDRD  in Age and sex.

GFR gap "true"
(ml/min/1,73m2)

MDRD CG
H F H F

GFR ≥60 ≥65 ans -5,9 -1,6 -
14,5

-
10,7

<65 ans -0,6 -6,1 +3,2 +2,5
GFR <60 ≥65 ans +0,5 +1,2 -2,3 -0,1

<65 ans +1,4 +2,3 +5,9 +8,7

4.5. Lean and obese patients [5]: patients, men and women, thin, with a normal BMI or
overweight, the CG formula is better than the MDRD formula. The opposite result was observed
in obese patients.

Table 4. Difference between CG and MDRD  in Lean and obese patients

GFR gap "true"
(ml/min/1,73m2)

MDRD CG
H F H F

BMI < 18,5 +12,1 +12,3 +5,1 +7,4
18,5 < BMI < 25 +2,1 -4,1 +1,0 -2,0
25 < BMI < 30 -2,7 -1,8 +0,4 +5,0

BMI > 30 -2,8 -2,4 +5,4 +12,5

CONCLUSION

The present study confirms the existence of significant differences between CG and MDRD
equations, as a result of our study  the MDRD equation is closer to the true GFR than that
calculated by Cockcroft & Gault formula and, hence, more suitable as a surrogate of renal
function. In conclusion, our study demonstrates that the differences between the MDRD and CG
formula were not only influenced by age, body mass index and serum creatinine but also affected
by gender and diabetes. In clinical practice physicians should be aware of these differences and
take them into consideration when they estimate renal functions.The MDRD formula
systematically underestimates GFR in healthy, overweight subjects, particularly in individuals
with increased BMI.
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