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ORIGINAL ARTICLE

Glomerular filtration rate estimation using the Cockcroft-Gault
and Modification of Diet in Renal Disease formulas for digoxin
dose adjustment in patients with heart failure
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Abstract
Objective. The aim of this study was to compare the estimated glomerular filtration rate (GFR) using the Cockcroft-Gault
and the 4-, 5-, and 6-variable Modification of Diet in Renal Disease (MDRD) formulas for digoxin dose adjustment.
Methods. Steady-state serum digoxin concentrations were determined in 100 patients with heart failure and normal to
severely impaired renal function. Total clearance (CL) and predicted average concentrations of digoxin were calculated
using general pharmacokinetic principles.
Results. The mean9SEM (median) estimated GFR values were 48.992.8 (46.5) mL/min/1.73 m2 using the CockcroftGault formula, 61.493.6 (56.4) mL/min/1.73 m2 using the MDRD4 formula, 56.893.3 (52.1) mL/min/1.73 m2 using the
MDRD5 formula, and 53.393.0 (48.7) mL/min/1.73 m2 using the MDRD6 formula, with high correlation coefficients
between the estimates (r]0.928, P B0.001). Significant correlations were found between the digoxin total CL and
estimated GFR by the Cockcroft-Gault (r0.649, P B0.001), MDRD4 (r0.634, P B0.001), MDRD5 (r0.635, P B
0.001), and MDRD6 (r0.652, P B0.001) formulas. A significant negative correlation of the digoxin total CL/GFR ratio
with estimated GFR was obtained (r0.356, P B0.001), with a high variability for this ratio for GFR lower than 60 mL/
min. Analogous correlation coefficients were found between the obtained and predicted digoxin concentrations calculated
using the estimated GFR by the Cockcroft-Gault (r0.628, P B0.001), MDRD4 (r0.642, P B0.001), MDRD5 (r
0.650, P B0.001), and MDRD6 (r0.665, P B0.001) formulas, with a wide dispersion between the values in all cases.
Conclusion. For GFR lower than 60 mL/min, the high interindividual variation of the digoxin total CL found among patients
with similar renal function is an important limiting factor in the prediction of digoxin dosage regimens.
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Digoxin has been used in therapeutics for more than
two centuries; however, considering its economic
and clinical benefits and its easy availability throughout the world, it should not be considered a drug of
the past, with current approved uses for treating
atrial fibrillation, with or without heart failure, and
heart failure, with or without systolic dysfunction
(1). The accepted therapeutic range for serum
digoxin has changed in the past few years, and while
the trough level of 2.0 mg/L is still useful in helping
with the diagnosis of toxicity, at present it seems
clear that digoxin should be administered in a dose
to reach serum levels between 0.5 and 1.2 mg/L

(1,2). The toxicity of this cardiac glycoside is dosedependent, and as a substantial fraction of the
absorbed dose is cleared by the kidneys, its toxicity
is often the result of impaired renal function (1).
Glomerular filtration rate (GFR) is considered as
the best measurement of kidney function, and its
determination is important for drug dosage adjustment (3,4). GFR is currently estimated in clinical
practice using different formulas based on serum
creatinine, and the Cockcroft-Gault equation (5) is
the most commonly used in pharmacokinetic studies
and in the guidance of drug dosing. In an attempt to
provide a more accurate estimate of GFR, the data
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Glomerular filtration rate estimation in patients with heart failure
from the Modification of Diet in Renal Disease
(MDRD) study have been analysed and MDRD
equations derived (6,7). It has been suggested that in
most cases the GFR estimates from the CockcroftGault and MDRD equations fall within the same
interval for drug dose adjustment (8); however,
discordant results have been obtained in different
comparison studies (916).
The aim of our study was to compare GFR
estimation from serum creatinine using the Cockcroft-Gault and the 4-, 5-, and 6-variable MDRD
formulas in relation to therapeutic digoxin monitoring in patients with heart failure and normal to
severely impaired renal function.

Patients and methods
A group of 100 patients (43 male, 57 female) with a
mean age (9SEM) of 79.490.8 years (range 47
94 years) with cardiac insufficiency was studied.
They were given digoxin orally in tablet form in
doses that had not been changed for at least 20 days
beforehand, of between 0.125 and 0.25 mg/2448 h.
The blood samples were taken once the distribution
stage was complete 2448 hours after the last dose
and correspond to the trough steady-state digoxin
concentrations. The study was carried out according to the good practice rules for investigation in
humans of the Consellerı́a de Sanidade (Regional
Ministry of Health) of the Xunta de Galicia, Spain.
Serum digoxin concentrations were determined
by fluorescence polarization immunoassay in an
Abbott TDx analyser using reagents from Abbott
Laboratories (Abbott Park, IL, USA). The determination of serum creatinine, urea, and albumin was
carried out in an Advia 2400 Chemistry System
(Siemens Health Care Diagnostics Inc., Newark,
DE, USA). The estimated GFR values from serum
creatinine were calculated in accordance with the
Cockcroft-Gault (5), and the 4-variable (age, sex,
race, and serum creatinine) (MDRD4), 5-variable
(age, sex, race, and serum creatinine and urea)
(MDRD5), and 6-variable (age, sex, race, and
serum creatinine, urea, and albumin) (MDRD6)
equations (6,7), using the National Kidney Foundation GFR calculator (17). Height in the elderly is
difficult to measure accurately (9), and this fact
would introduce a misleading factor in the body
surface area (BSA) calculation; however, the estimated GFR values by the Cockcroft-Gault and
MDRD formulas are, respectively, expressed in
mL/min and mL/min/1.73 m2, and consequently,
within the context of our study, it was necessary in
some cases to adjust the Cockcroft-Gault GFR
values for the BSA of 1.73 m2, by dividing the
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estimates by BSA and multiplying by 1.73 m2.
Inversely, the estimated GFR values using the
MDRD formulas were multiplied by the BSA and
divided by 1.73 m2 for their expression in mL/min.
In order to calculate the digoxin total clearance (CL)
and average serum steady-state concentration (Css)
in the group of patients with heart failure studied,
the following equations were used (18):
CL (mL=min)
(0:33 mL=kg=min)(weight in kg)
0:9 (GFR in mL=min)
Css (S) (F) (dose=t)=CL

(1)
(2)

S corresponds to the active fraction of the
administered form (1 for digoxin), F is the bioavailability (0.7 for tablets), and t the dosing interval.
Statistical analysis was carried out using the
StatGraphics Plus (v. 5.0) package. The ShapiroWilks method was used to check the distribution of
data, and Pearson’s correlation coefficient was used
when the data had a Gaussian distribution; otherwise, Spearman’s correlation coefficient was used.
The regression analysis was carried out using the
Passing-Bablock non-parametric method. The comparison of the estimated GFR values was also carried
out using the difference plots of Eksborg (19). In
accordance with the proposed validation criteria of
analytical methods for the quantitative determination of drugs and their metabolites, the acceptance
criterion for accuracy is a deviation of no more than
15% from the nominal value (20,21). The results
were expressed as mean9SEM (median), and statistical significance was considered as P B0.05.

Results
In our group of patients, the estimated GFR values
using the Cockcroft-Gault formula (48.992.8
(46.5) mL/min/1.73 m2) were significantly lower
(P B0.001) than those obtained using the MDRD4
(61.493.6 (56.4) mL/min/1.73m2), MDRD5
(56.893.3 (52.1) mL/min/1.73m2), and MDRD6
(53.393.0
(48.7) mL/min/1.73 m2)
formulas.
Figure 1 shows the correlation and regression, and
the difference plots, of the GFR values estimated by
the Cockcroft-Gault formula with those obtained
using the 4-, 5-, and 6-variable MDRD equations.
Significant negative correlations were found
between the digoxin total CL calculated from the
obtained serum digoxin concentration using Equation 2, and the serum creatinine (r 0.594,
P B0.001) and urea (r 0.547, P B0.001) concentrations. Analogous correlation coefficients were
found between the digoxin total CL and the GFR
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Figure 1. Correlation and regression (A, C, E) and Eksborg difference plots (B, D, F) between the estimated GFR values using the
Cockcroft-Gault formula and those obtained using the MDRD4, MDRD5, and MDRD6 formulas.

values estimated by the Cockcroft-Gault (r 0.649,
P B0.001),
MDRD4
(r 0.634, P B0.001),
MDRD5 (r 0.635, P B0.001), and MDRD6 (r 
0.652, P B0.001) formulas. Significant negative
correlations were obtained between the digoxin total
CL/GFR ratio and the GFR estimated by the
Cockcroft-Gault (Figure 2) or MDRD formulas
(data not shown). As the obtained trough rather

than average digoxin concentrations were used for its
calculation using Equation 2, the digoxin total CL
values considered in Figure 2 represent over-estimates of the actual values.
In the group of patients studied, the obtained
serum (trough) concentration of digoxin (1.589
0.11 (1.25) mg/L) was significantly lower (P B
0.001), with a deviation of more than 15%, than
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Figure 2. Relationship between the digoxin total CL/GFR ratio
and GFR estimated by the Cockcroft-Gault formula.

the digoxin (average) concentrations predicted by
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Figure 3. Correlation and regression between the obtained digoxin concentrations and those predicted calculated using the GFR estimated
by the Cockcroft-Gault (A), MDRD4 (C), MDRD5 (B), and MDRD6 (D) formulas.
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by the MDRD4 formula, which may over-estimate
the GFR values resulting in different drug dosing
recommendations (10,11,1316). At present, the
US Food and Drug Administration and the Kidney
Disease Outcomes Quality Initiative of the National
Kidney Foundation still recommend the use of the
Cockcroft-Gault rather than the abbreviated
MDRD formula for drug dose adjustment (15).
In our group of patients, high correlation coefficients (r ]0.928) were found between the GFR
values estimated by the different formulas (Figure
1 A, C, E). In accordance with previously published
data (10,11,1316), the mean (median) GFR value
estimated by the Cockcroft-Gault formula was
significantly lower than those obtained using the
MDRD4, MDRD5, and MDRD6 formulas (PB
0.001). However, as indicated by the difference
plots of Figure 1 (B, D, F), for GFR values lower
than 60 mL/min/1.73 m2, the Cockcroft-Gault GFR
estimates were frequently higher than those of the
4-, 5-, and 6-variable MDRD formulas.
It has recently been suggested that the 6-variable
MDRD performs better than the Cockcroft-Gault
formula in predicting aminoglycoside CL and may
be considered as a tool for aminoglycoside-dosing
recommendations (12). The MDRD4 equation
tends to over-estimate and the Cockcroft-Gault
formula to under-estimate in subjects aged 65 or
older, and true GFR values could be situated
between these two approximate values (9). The
MDRD6 formula may comply with this requirement
and would lead to a more accurate GFR estimation.
Contrary to O’Riordan et al. in healthy volunteers (22), in our patients with normal to severely
impaired renal function we found a significant
negative correlation of the digoxin total CL with
serum creatinine and urea concentrations (PB
0.001). Analogous correlation coefficients were obtained between the digoxin total CL and estimated
GFR using the Cockcroft-Gault or the MDRD
formulas (r ]0.634, P B0.001). In line with previous studies (23), the results shown in Figure 2
demonstrate that the great interindividual variability
of the digoxin total CL/GFR ratio for GFR estimates
lower than approximately 60 mL/min is an important limiting factor in the prediction of digoxin
dosage regimens. Although 80% of the digoxin
dose is excreted unchanged into urine in patients
with normal renal function, in cases with renal
failure the relative contribution of the hepatic
elimination is increased and may be estimated to
be as high as 75% in haemodialysis patients (24). As
a result, the increase of the interindividual variation
of the digoxin total CL, observed when GFR is lower
than 60 mL/min among patients with similar renal

function, could be attributed to differences in its
hepatic elimination, a process that may be affected
by the possible inhibition of the digoxin hepatic
uptake by uraemic toxins (25). In any event, the
possible impact of endogenous or exogenous digoxin-like immunoreactive substances on the commercial immunoassays used in therapeutic digoxin
monitoring may be considered (26).
Analogous correlation coefficients were found
between the obtained and predicted digoxin concentrations calculated using the GFR estimated by
the Cockcroft-Gault or MDRD formulas (Figure 3),
and only the mean (median) of the predicted digoxin
concentrations using the Cockcroft-Gault and
MDRD4 formulas had a deviation of more than
15% between them. However, the wide dispersion
found between predicted and obtained digoxin
concentrations is the main limiting factor for the
clinical application of this predictive model. With
respect to other recently proposed predictive digoxin
dosage regimens (27), analogous considerations
would be made. Assuming that digoxin CL remains
stable in a patient, a more realistic use of Equation 2
may be to predict the steady-state digoxin concentration that will be achieved at a particular dosage in
relation to the concentration previously obtained for
another dose (28).

Acknowledgements
One of the authors (LB) received a grant from the
Fundación Instituto Investigación Complejo Hospitalario de Santiago (IDICHUS).
Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible for the content and writing of the paper.

References
1. Pervaiz MH, Dickinson MG, Yamani M. Is digoxin a drug of
the past? Cleve Clin J Med. 2006;73:82134.
2. Bauman JL, DiDomenico RJ, Galanter WL. Mechanisms,
manifestations, and Management of digoxin toxicity in the
modern era. Am J Cardiovasc Drugs. 2006;6:7786.
3. Olyaei AJ, Demattos AM, Bennet WM. Drug dosage in renal
failure. In: De Broe ME, Porter GA, Bennet WM, Verpooten
GA, editors. Clinical nephrotoxins: renal injury from drugs
and chemicals. Dordrecht, The Netherlands: Kluwer Academic, 2003. p. 66779.
4. Munar MY, Singh H. Drug dosing adjustments in patients
with chronic kidney disease. Am Fam Physician.
2007;75:148796.
5. Cockcroft DW, Gault MH. Prediction of creatinine clearance
from serum creatinine. Nephron. 1976;16:314.
6. Levey AS, Greene T, Kusek JW, Beck GJ. MDRD Study
Group. A simplified equation to predict GFR from serum
creatinine [abstract]. J Am Soc Nephrol. 2000;11:155A.

Glomerular filtration rate estimation in patients with heart failure
7. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D.
A more accurate method to estimate glomerular filtration rate
from serum creatinine: a new prediction equation. Ann Intern
Med. 1999;130:46170.
8. Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney
function: measured and estimated glomerular filtration rate.
N Engl J Med. 2006;354:247383.
9. Laroche ML, Charmes JP, Marcheix A, Bouthier F, Merle L.
Estimation of glomerular filtration rate in elderly: CockcroftGault formula versus modification of diet in renal disease
formula. Pharmacotherapy. 2006;26:10416.
10. Wargo KA, Eiland EH, Hamm W, English TM, Philippe
HM. Comparison of modification of diet in renal disease and
Cockcroft-Gault equations for antimicrobial dosage adjustments. Ann Pharmacother. 2006;40:124853.
11. Golik MV, Lawrence KR. Comparison of dosing recommendations for antimicrobial drugs based on two methods for
assessing kidney function: Cockcroft-Gault and modification
of diet in renal disease. Pharmacotherapy. 2008;28:112532.
12. Bookstaver PB, Johnson JW, McCoy TP, Williamson JC.
Modification of Diet in Renal Disease and modified Cockcroft-Gault formulas in predicting aminoglycoside elimination. Ann Pharmacother. 2008;42:175865.
13. Spruill WJ, Wade WE, Cobb HH. Comparison of estimated
glomerular filtration rate with estimated creatinine clearance
in the dosing of drugs requiring adjustments in elderly
patients with declining renal function. Am J Geriatr Pharmacother. 2008;6:15360.
14. Livio F, Biollaz J, Burnier M. Estimation de la function rénale
par l?equation MDRD: intérêt et limites pour l?adaptation des
doses de médicaments. Rev Med Suisse. 2008;181:
2596600.
15. Roblin I, De Sobarnitsky S, Basselin C, Vial F, Bard E,
Dufrene I, et al. Estimated glomerular filtration rate for drug
dose adjustment: Cockcroft and Gault or abbreviated
MDRD equation? Clin Biochem. 2009;42:1113.
16. Gill J, Malyuk R, Djurdjev O, Levin A. Use of GFR equations
to adjust drug doses in an elderly multi-ethnic group*a
cautionary tale. Nephrol Dial Transplant. 2007;22:28949.

159

17. National Kidney Foundation. Glomerular filtration rate
(GFR) calculator. Available at: www.kidney.org/professionals/kdoqi/gfr_calculator.cfm.
18. Winter ME. Basic clinical pharmacokinetics, 4th ed. Philadelphia: Lippincot Williams & Wilkins, 2004. p. 183221.
19. Eksborg S. Evaluation of method-comparison data. Clin
Chem. 1981;27:13112.
20. Shah VP, Midha KK, Dighe S, McGilveray IJ, Skelly JP,
Yacobi A, et al. Analytical methods validation: bioavailability,
bioequivalence and pharmacokinetic studies. Eur J Drug
Metab Pharmacokinet. 1981;16:24955.
21. Shah VP, Midha KK, Findlay JWA, Hill HM, Hulse JD,
McGilveray IJ, et al. Bioanalytical method validation. A
revisit with a decade of progress. Pharm Res. 2000;17:
15517.
22. O’Riordan S, Ouldred E, Brice S, Jackson SHD, Swift CG.
Serum cystatin C is not a better marker of creatinine or
digoxin clearance than serum creatinine. Br J Clin Pharmacol. 2002;53:398402.
23. Koup JR, Jusko WJ, Elwoood CM, Kohli RK. Digoxin
pharmacokinetics: role of renal failure in dosage regimen
design. Clin Pharmacol Ther. 1975;18:921.
24. Tsujimoto M, Dan Y, Hirata S, Ohtani H, Sawada Y.
Influence of SLCO1B3 gene polymorphism on the pharmacokinetics of digoxin in terminal renal failure. Drug Metab
Pharmacokinet. 2008;26:40611.
25. Tsujimoto M, Kinoshita Y, Hirata S, Otagiri M, Ohtari H,
Sawada Y. Effects of uremic serum and uremic toxins on
hepatic uptake of digoxin. Ther Drug Monit. 2008;30:57682.
26. Dasgupta A. Therapeutic drug monitoring of digoxin: impact
of endogenous and exogenous digoxin-like immunoreactive
substances. Toxicol Rev. 2006;25:27381.
27. Bauman JL, DiDomenico RJ, Viana M, Fitch M. A method
of determining the dose of digoxin for heart failure in the
modern era. Arch Intern Med. 2008;166:253945.
28. Schentag JJ, Bang AJ, Kozinski-Tober JL. Digoxin. In:
Burton ME, Shaw LM, Schentag JJ, Evans WE, editors.
Applied pharmacokinetics and pharmacodynamics. Principles of therapeutic drug monitoring, 4th ed. Philadelphia:
Lippincot Williams & Wilkins, 2006. p. 41039.

