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Abstract
Introduction: There is disagreement regarding the best method for assessing renal dysfunction
in patients with myocardial infarction (MI). This study aims to compare two commonly used
formulas for measuring glomerular filtration rate (GFR) (Cockcroft---Gault [CG] and Modification
of Diet in Renal Disease [MDRD]) in terms of predicting extent of coronary artery disease (CAD)
and short- and long-term cardiovascular risk.
Methods: We studied 452 patients admitted to a cardiac intensive care unit (ICU) with MI (age
69.01 ± 13.64 years; 61.7% male, 38.5% diabetic) and followed for two years. CG and MDRD GFR
estimates were compared in terms of prediction of CAD extent, in-hospital mortality risk and
cardiovascular risk during follow-up.
Results: GFR <60 ml/min/1.73 m2 using the MDRD formula was associated with a tendency for
more extensive CAD (2.70 affected segments vs. 2.20, p = 0.052) and higher two-year mortality
risk (p < 0.001, OR 3.84, 95% CI 2.04---7.22) and risk for reinfarction (p < 0.001, OR 4.09, 95%
CI 2.00---8.39), decompensated heart failure (DHF) (p < 0.001, OR 3.95, 95% CI 2.04---7.66) and
combined cardiovascular endpoints (p = 0.001, OR 2.47, 95% CI 1.47---4.17). Using the CG for-
mula, GFR <60 ml/min/1.73 m2 only predicted higher risk for DHF (p = 0.016, OR 4.5, 95% CI
1.11---16.57), despite a tendency for more overall combined cardiovascular endpoints (p = 0.09,
OR 2.84). Both formulas predicted in-hospital mortality.
Discussion/Conclusions: This study confirmed the value of GFR in predicting various cardio-
vascular endpoints in patients with MI. Compared to the CG formula, the MDRD formula was

significantly more accurate in predicting the severity of CAD and two-year CV risk in patients
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PALAVRAS-CHAVE
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Glomerular;
Enfarte;
Coronariopatia

Taxa de filtração glomerular: que fórmula deverá ser usada em doentes com enfarte
agudo do miocárdio?

Resumo
Introdução: A escolha do melhor método para avaliação da função renal em doentes com
enfarte agudo do miocárdio não é ainda consensual. Este estudo visa comparar duas fórmulas
habitualmente usadas para avaliação da taxa de filtração glomerular (TFG) [Cockcroft-Gault
(CG) e MDRD] em termos de predição de extensão da doença coronária (DC) e risco cardiovas-
cular (CV) global.
População e Métodos: 452 doentes admitidos numa Unidade de Cuidados Intensivos Cardíacos
(idade 69,01±13,64, 61.7% do sexo masculino, 38.5% diabéticos) foram incluídos e seguidos por
dois anos após alta. A TFG foi calculada usando as fórmulas CG e MDRD e estas foram comparados
em termos de predição da extensão da DC, risco de mortalidade intra-hospitalar (MIH) e risco
CV durante o follow-up.
Resultados: TFG<60 mL/min/1,73m2 pela fórmula MDRD associou-se a DC marginalmente mais
extensa (2.70 segmentos afectados vs. 2.20, p=0.052) e maior risco de: mortalidade aos dois
anos (p<0.001, OR 3.84, CI95% 2.04-7.22); re-enfarte (p<0.001, OR 4.09, CI95% 2.00-8.39);
insuficiência cardíaca descompensada (ICd) [p<0.001, OR 3.95, CI95% 2.04-7.66]; eventos car-
diovasculares combinados (p=0.001, OR 2.47, CI95% 1.47-4.17). TFG<60 mL/min/1,73m2 pela
fórmula de CG previu apenas maior risco de ICd (p=0.016, OR 4.5, CI95% 1.11-16.57) e uma
tendência para maior número de endpoints cardiovasculares (p=0.09, OR 2.84). Ambas as
fórmulas previram o risco de MIH.
Discussão/Conclusões: Este estudo confirmou o valor da TFG na predição de múltiplos end-
points CV em doentes com EAM. A fórmula MDRD foi significativamente mais útil na predição
da gravidade da DC e do risco CV.
© 2011 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier España, S.L. Todos os
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ntroduction

hronic renal disease is linked to greater risk of cardiovas-
ular disease and mortality1 and is often associated with
ore extensive atherosclerotic disease.2 However, patients
ith renal failure less often receive aggressive treatment to

educe cardiovascular morbidity and mortality.3

Renal function, as estimated by glomerular filtration rate
GFR), is a prognostic factor in patients admitted to a car-
iac intensive care unit (ICU) with a diagnosis of myocardial
nfarction (MI) and predicts in-hospital mortality.4 Even mild
enal failure (RF) is considered a major risk factor for post-MI
omplications.5

The Cockcroft---Gault and Modification of Diet in Renal
isease (MDRD) formulas are both used to assess renal func-
ion in patients with heart failure (HF) or MI, and provide a
ore accurate measure than serum creatinine.6,7 However,

t is not clear as to which formula better predicts short- and
ong-term mortality and other cardiovascular endpoints.

The aim of this study is to compare the prognostic value of
he MDRD and Cockcroft---Gault formulas in patients with MI,
articularly their ability to predict in-hospital and two-year
ortality (primary endpoint), and to predict readmission

or decompensated HF, reinfarction, recurrent angina and
schemic stroke during two-year follow-up (secondary end-
oints).
ethods

e prospectively studied 452 consecutive patients admit-
ed to a cardiac intensive care unit (ICU) over a period of 16

m
(

a

onths (November 1, 2006 to February 28, 2008) with a diag-
osis of MI (based on the revised World Health Organization
riteria).8

The following data were collected for each patient:

Number of vessels and segments with significant lesions on
coronary angiography in the 362 patients who underwent
catheterization. The reasons for not performing catheter-
ization in the other 90 patients were (1) advanced age
and multiple comorbidities, particularly renal failure, that
significantly increased the risks of invasive stratification
(n = 53); death before catheterization could be performed
(n = 18); and (3) the existence of severe coronary artery
disease (CAD) considered to be untreatable (n = 19);
Data on revascularization procedures (of the 362 patients
who underwent catheterization, 274 were revascularized,
258 by percutaneous coronary intervention (PCI) and 16 by
coronary artery bypass grafting (CABG);
Laboratory test results on admission (blood glucose, cre-
atinine, hemoglobin and C-reactive protein);
Peak troponin I;
Physical examination on admission and Killip class.

Each patient’s GFR was calculated using the
DRD formula: GFR (ml/min/1.73 m2) = 186 × (serum
reatinine)−0.154 × (age)−0.203 × (0.742 if female) × (1.21
f black); and the Cockcroft---Gault formula: GFR (ml/

in/1.73 m2) = (140 − age) × (weight) × (0.85 if female)/

72 × serum creatinine).
The patients’ GRACE score was also recorded, as well

s TIMI score in those with non-ST segment elevation



Glomerular filtration rate

Table 1 Characteristics of the study population.

Age 69 ± 13.6
Male 61.7%

Type of MI
STEMI 44.5%
NSTEMI 52.4%

Diabetes 38%
Previous hypertension 74.8%
Dyslipidemia 56.2%
Active smoking 26.1%
Previous CAD 28.1%
Mean Killip class at admission 1.42
Mean maximum Killip class 1.66
No. of vessels with significant lesionsa 1.68
No. of segments with significant lesionsa 2.36
Peak troponin I 44.7 ± 83.2
Creatinine at admission 123.4 ± 114.1
GFR (MDRD) at admission 66.8 ± 30.3
GFR (Cockcroft---Gault) at admission 77.3 ± 47.5
GRACE risk score 161.7 ± 44.6
TIMI risk scoreb 3.4 ± 1.3

a Defined as ≥50% stenosis in one of the major epicardial coro-
nary arteries or ≥30% stenosis of the left main coronary artery.

b Calculated only for patients with non-ST segment eleva-
tion myocardial infarction. CAD: coronary artery disease; GFR:
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glomerular filtration rate; MI: myocardial infarction; NSTEMI:
non-ST elevation myocardial infarction; STEMI: ST elevation
myocardial infarction.

MI (NSTEMI) for better characterization of this subgroup
(Table 1).

The follow-up period was 24 months, by telephone
contact every three months, and the following events were
recorded: all-cause death (primary endpoint), reinfarction,
recurrent angina (defined as recurrence of chest pain simi-
lar to that experienced at the time of MI, or new episode
classified as atypical or typical angina); readmission for
decompensated HF requiring hospitalization for >48 hours;
and ischemic stroke (confirmed by cranial CT).

The two formulas were compared in terms of prognostic
impact in these patients, particularly their ability to predict
the primary endpoint --- in-hospital and two-year mortality
--- and the secondary endpoints defined above, in a two-
year follow-up. The possible advantages of each formula in
assessing the extent and severity of CAD were also briefly
analyzed.

The patients were divided into two groups: GFR
<60 ml/min/1.73 m2 vs. ≥60 ml/min/1.73 m2.

Statistical analysis

The statistical analysis was performed using SPSS version
16.0. Nominal variables were compared with the chi-square
test, continuous variables with the Student’s t test, and non-
parametric tests were used when appropriate. Univariate
analysis with the chi-square test was used to assess corre-

lations between GFR <60 ml/min/1.73 m2 and the defined
cardiovascular endpoints, with relative risk and 95% confi-
dence interval (CI). Multivariate logistic regression analysis
was used to evaluate whether GFR as estimated by the

i
a
v
d
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DRD and Cockcroft---Gault formulas should be included in
isk prediction models. Results with p < 0.05 were considered
ignificant. Kaplan---Meier curves were constructed to assess
urvival according to GFR (cut-off 60 ml/min/1.73 m2) and
OC curves were built to compare the prognostic value of
he two formulas.

esults

total of 48 in-hospital deaths were recorded (10.6% of
he study population). Their mean age was 77.2 ± 9.9 years
nd 52.9% were female. Mean Killip class at admission
as 2.1 ± 1.1, peak troponin I 68.5 ± 131.4 ng/ml, mean
RACE risk score 210.5 ± 36.6 (TIMI risk score 3.9 ± 0.9 in

hose with NSTEMI), and GFR 43.3 ± 19.3 ml/min/1.73 m2 by
he MDRD formula and 52.5 ± 30.3 ml/min/1.73 m2 by the
ockcroft---Gault formula.

During follow-up there were 80 deaths (19.8% of
hose discharged after MI), with a mean survival of
0.2 ± 7.2 months. Most were male (55.8%); mean age
as 77.4 ± 10 years, GRACE risk score 180.4 ± 34.8 (TIMI

isk score 3.97 ± 1.14 in those with NSTEMI), and GFR
0.14 ± 28.5 ml/min/1.73 m2 by the MDRD formula and
7.17 ± 25.28 ml/min/1.73 m2 by the Cockcroft---Gault for-
ula.
Excluding the patients who died in hospital or during

ollow-up, mean follow-up was 23.8 months. The full 24
onths of follow-up was achieved in 313 patients; mean

ollow-up in the other 10 was 17 months.
Recurrent angina was recorded in 113 patients (29.7%)

nd 57 (14.2%) were admitted for reinfarction. Fifty-seven
atients (14.2%) were recatheterized during follow-up, 70
17.4%) were admitted for decompensated HF and 20 (4.9%)
ere diagnosed with stroke. There were 397 cardiovascular
r cerebrovascular events during follow-up, in 200 patients
49.6% of the 404 discharged after MI).

DRD formula

FR calculated by the MDRD formula was used to classify the
atients by stage of renal disease:

Stage 2 (60---89 ml/min/1.73 m2): n = 165 (36.5%);
Stage 3 (30---59 ml/min/1.73 m2): n = 125 (27.7%);
Stage 4 (15---29 ml/min/1.73 m2): n = 36 (8.2%);
Stage 5 (<15 ml/min/1.73 m2): n = 19 (4.2%);
All others: n = 107 (23.4%).

The 48 patients who died in hospital had lower GFR than
he other 404 (43.3 ± 19.3 vs. 69.5 ± 30.2 ml/min/1.73 m2,
< 0.001). There was a negative correlation between GFR
y the MDRD formula and GRACE risk score (p < 0.001,
= −0.526) and GFR <60 ml/min/1.73 m2 was associated
ith more extensive CAD (1.84 affected vessels vs. 1.61,
= 0.047; 2.70 affected segments vs. 2.20, p = 0.050) and
igher risk for in-hospital death (20.2% vs. 3.8%, p < 0.001,
dds ratio [OR] 6.44, 95% CI 3.11---13.32); acute HF (max-

mum Killip class greater than at admission, or Killip at
dmission >1 in patients with no history of HF) (56.3%
s. 22.3%, p < 0.001, OR 4.47, 95% CI 2.96---6.75); death
uring follow-up (34.8% vs. 12.2%, p < 0.001, OR 3.84,
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5% CI 2.04---7.22); reinfarction (26.4% vs. 8.0%, p < 0.001,
R 4.09, 95% CI 1.99---8.39); readmission for decompen-
ated HF (31.5% vs. 10.4%, p < 0.001, OR 3.95, 95% CI
.04---7.66), or any cardiovascular or cerebrovascular event
64.1% vs. 42%, p = 0.001, OR 2.47, 95% CI 1.47---4.17).
onsidering only patients who died during follow-up, GFR
60 ml/min/1.73 m2 was associated with shorter survival
16.3 vs.19.5 months, p = 0.001).

The multivariate analysis model to predict in-hospital
ortality (Hosmer---Lemeshow test: 1.0; Nagelkerke R2:

.606) including values calculated by both formulas (con-
inuous variables) and all predictors of in-hospital mortality
reviously identified by univariate analysis included acute
F on admission (p = 0.022, OR 3.12, 95% CI 1.80---9.06),
RACE risk score for in-hospital mortality (p = 0.014, OR
.024, 95% CI 1.004---1.044), GFR by the MDRD formula
p = 0.048, OR = 0.970, 95% CI 0.94---0.98) and revasculariza-
ion (p = 0.018, OR 3.34, 95% CI 2.01---9.87).

Age, cardiovascular risk factors, extent of myocardial
ecrosis and CAD, admission hemoglobin, GFR calculated
y the Cockcroft---Gault formula and heart rate at admis-
ion were not included in the model. Subjects with missing
alues were excluded from the analysis.

Multivariate analysis including GFR calculated by both
ormulas and other variables with prognostic value at two
ears in univariate analysis was used to construct a model
o predict mortality during follow-up (Hosmer---Lemeshow
est: 0.612; Nagelkerke R2: 0.412) which included GFR calcu-
ated by the MDRD formula (continuous variable) (p < 0.001,
R 0.976, 95% CI 0.962---0.989) and GRACE risk score for in-
ospital mortality (p = 0.006, OR 1.013, 95% CI 1.004---1.023).
he other variables included in the analysis (conventional
ardiovascular risk factors, acute HF at admission, extent
f CAD and history of CAD, GFR by the Cockcroft---Gault for-
ula, peak troponin I, admission hemoglobin and age) did

ot add predictive value to the model.
Table 2 and the Kaplan---Meier curve in Figure 1 show the

rognostic value of GFR by the MDRD formula in patients
ith MI.

The distribution of events during follow-up (404 patients)
ccording to stage of renal disease as assessed by the MDRD
ormula is presented in Table 3.

ockcroft---Gault formula

he Cockcroft---Gault formula was also used to classify the
atients by stage of renal disease: 13 (2.9%) had stage 5
F, 28 (6.3%) had stage 4, 119 (26.4%) had stage 3 and 130
28.7%) were in stage 2 (the other 162 [35.7%] did not have
enal disease).

The 48 patients who died in hospital had lower GFR on
dmission (50.1 ± 28.5 vs. 77.9 ± 48.1 ml/min/1.73 m2,
= 0.001), as with the MDRD formula. GFR
60 ml/min/1.73 m2 was not associated with more exten-
ive CAD or myocardial necrosis, but these patients had
igher GRACE risk scores for both in-hospital (178.6
s.139.2, p < 0.001) and 6-month mortality (146.4 vs.111.1,

< 0.001). They also had higher in-hospital mortality

20.3% vs. 3.4%, p < 0.001, OR 7.11, 95% CI 2.28---22.2) and
eadmission for decompensated HF (20% vs. 5.3%, p = 0.016,
R 4.5, 95% CI 1.22---16.57). Ta
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Table 3 Distribution of endpoints according to stage of renal disease as assessed by the MDRD and Cockcroft---Gault formulas.

Stage of RF No RF or 1 2 3 4 5 p

MDRD formula
n 105 155 101 27 16
Death 4.3% 18.2% 23.1% 66.7% 70% <0.001
Reinfarction 10% 7% 19.7% 23.1% 80% <0.001
Recurrent angina 33.3% 19% 28.8% 41.7% 60% 0.024
Recatheterization 23.2% 12.2% 9% 15.4% 20% 0.17
Stroke 2.9% 5.1% 8.8% 0% 0% 0.43
DHF 7.2% 13% 28.8% 41.7% 33.3% 0.001
Any endpoint 43.5% 41.6% 58.8% 76.9% 88.9% 0.004

Cockcroft---Gault formula
n 114 130 119 28 13
Death 4.8% 12.1% 21.4% 0% 0% NS
Reinfarction 4.7% 8.8% 20.7% 7.1% 0% 0.16
Recurrent angina 28.6% 20.6% 31% 0% 33.3% NS
Recatheterization 18.6% 15.2% 14.3% 0% 0% NS
Stroke 0% 6.1% 7.1% 0% 0% NS
DHF 7% 3% 24.1% 21.4% 0% 0.056
Any endpoint 34.9% 38.2% 55.2% 0% 50% 0.10

DHF: decompensated heart failure; RF: renal failure.
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Figure 1 Kaplan---Meier curve showing the impact of GFR
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<60 ml/min/1.73 m2 had significantly higher GRACE risk
p.

Survival during follow-up according to GFR estimated by
he Cockcroft---Gault formula is presented in Figure 2, while
able 4 shows its predictive power. The distribution of events
uring follow-up (404 patients) according to stage of renal
isease as assessed by the Cockcroft---Gault formula is pre-
ented in Table 3.

GFR assessed by this formula was not included in models
redicting in-hospital or two-year mortality by multivariate
ogistic regression analysis, unlike the MDRD formula. This
as unchanged even after removing GFR calculated by the
DRD formula from the variables tested.
As a more reliable comparison between the two formulas,
igures 3 and 4 present ROC curves assessing the impact of
FR calculated by the MDRD and Cockcroft---Gault formulas

s
o
m

Table 4 Prognostic value of glomerular filtration rate calculated

GFR (ml/min/1.73 m2) <60

Affected vessels 1.81 ± 1.05
Affected segments 2.54 ± 2.17
Peak troponin I 59.95 ± 138.42
GRACE in-hospital mortality 178.6 ± 47.51
GRACE 6-month mortality 146.4 ± 36.31
TIMI risk score (NSTEMI patients) 3.29 ± 1.33
In-hospital mortality 20.3%
Acute heart failure 51.9%
Mortality during follow-up 17.1%
Decompensated heart failure 20%
Recurrent angina 30.6%
Reinfarction 16.7%
Recatheterization 14.3%
Stroke 5.7%
Any endpoint 51.4%

CI: confidence interval; GFR: glomerular filtration rate; GRACE: GRACE
tion; OR: odds ratio.
S. Barra et al.

n two-year mortality and readmission for decompensated
F, respectively.

iscussion

study by Lekston et al. demonstrated the adverse prog-
ostic impact of impaired renal function in cardiovascular
isease.9 Rutherford et al. confirmed this association,
eporting that renal function estimated by serum creatinine
r by GFR calculated using the Cockcroft---Gault formula was
trongly predictive of short- and medium-term mortality in
atients with MI.10 Mielniczuk et al. reported increased risk
f reinfarction, recurrent angina and other cardiovascular
utcomes in patients with acute decline in renal function in
he first hours after admission for MI,11 corroborating find-
ngs by Goldberg et al., who showed increased long-term
ardiovascular risk (mortality and HF) in patients with mod-
rate to severe renal injury (creatinine >0.5 mg/dl above
aseline) on admission for the index MI.12

The importance of renal function has also been demon-
trated in patients undergoing PCI. Xie et al. reported
n increase in major cardiovascular events after coronary
tenting in patients with GFR <60 ml/min/1.73 m2 compared
o those without RF.13 A study by Celik et al. assessing
he impact of GFR on myocardial perfusion following PCI
oncluded that GFR <60 ml/min/1.73 m2 was associated
ith lower success rates in obtaining TIMI flow >1,14 while
ardarelli et al. found that severe RF was associated
ith greater in-hospital mortality after PCI, particularly in
ounger patients.15

The prognostic impact of GFR in our population was
imilar to that in the above studies. Patients who died
uring follow-up had significantly lower GFR calculated
y either formula at admission, and those with GFR
cores (to be expected given that serum creatinine is one
f the variables used in calculating the score). In-hospital
ortality, acute HF and readmission for decompensated HF

by the Cockcroft---Gault formula.

≥60 p

1.63 ± 0.89 0.21
2.22 ± 1.69 0.64
43.47 ± 70.43 0.096
139.2 ± 37.84 <0.001
111.1 ± 31.82 <0.001
3.22 ± 1.32 0.94
3.4% <0.001, OR 7.11 (95% CI 2.28---22.2)
22.4% <0.001, OR 3.73 (95% CI 2.01---6.95)
8% 0.19
5.3% 0.016, OR 4.5 (95% CI 1.22---16.57)
25% 0.53
6.5% 0.089
17.1% 0.71
2.7% 0.43
36.4% 0.09

risk score; NSTEMI: non-ST segment elevation myocardial infarc-



Glomerular filtration rate 499

+

+ +

+

0.30

0.25

0.20

0.15

0.10

0.05

0.00

0 5 10 15 20 25

M
or

ta
lit

y

GFR <60 ml/min/1.73 m2

GFR ≥60 ml/min/1.73 m2

Log rank: p=0.15

Months
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GFR (Cockcroft-
Gault formula)

GFR (MDRD formula) Reference line

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

1.0

0.8

0.6

0.4

0.2

0.0

S
en

si
tiv

ity
Figure 4 ROC curves comparing the impact of GFR calculated
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calculated by the Cockcroft---Gault formula on mortality in two-
year follow-up.

were higher in patients with RF, irrespective of the formula
used, which supports the data of Tamoaki et al., who high-
lighted the importance of renal dysfunction in predicting
refractory HF in patients with CAD.16 Despite these findings,
many studies have suggested that patients with RF do not
receive the aggressive treatment that their greater cardio-
vascular risk demands.3 Their high bleeding risk limits the
use of antiplatelet and anticoagulant agents and the possi-
bility of PCI. In our population patients with RF less often
underwent angiography, which is paradoxical, since they had

a higher risk of reinfarction and recurrent angina (although
in this case without statistical significance).
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Figure 3 ROC curves comparing the impact of GFR calculated
by both formulas on two-year mortality. AUC (MDRD): 0.714;
AUC (Cockcroft---Gault): 0.654.
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y both formulas on readmission for decompensated HF. AUC
MDRD): 0.689; AUC (Cockcroft---Gault): 0.685.

The important role of GFR in risk stratification of patients
ith MI was demonstrated in our population. Various studies
ave compared the ability of different methods for calcu-
ating GFR to predict short-, medium- and long-term risk
n these patients. Two formulas have received particular
ttention: MDRD and Cockcroft---Gault.

A study by Poggio et al. showed that the MDRD formula
as better for estimating renal function in patients with
iabetic nephropathy and/or GFR <60 ml/min/1.73 m2 (esti-
ated by urinary clearance of 125I-iothalamate). However,

t tended to underestimate GFR in healthy individuals, and
oth formulas overestimated the strength of the association
etween GFR and serum creatinine levels.17 Melloni et al.
eported significant differences between GFR values calcu-
ated by the two formulas in 20% of cases, which affected
reatment choices in patients with high bleeding risk, and
dded that the Cockcroft---Gault formula is preferable in
emale, low body weight and elderly patients.18 O’Meara
t al. compared the two formulas in patients with advanced
F and concluded that the MDRD formula has greater sensi-
ivity and more accurate estimation of GFR when this is less
han 60 ml/min/1.73 m2,19 while Szummer et al., compar-
ng the two formulas in terms of their prognostic value in
atients with MI, concluded that the Cockcroft---Gault for-
ula classifies a higher percentage of patients as having
oderate to severe RF, particularly in women and those with

ow body weight and advanced age, and better predicts 1-
ear mortality.20 In MI patients with indication for CABG, the
ockcroft---Gault formula has been shown to better predict

n-hospital and long-term mortality.21
Abaci et al. concluded that RF is a strong pre-
ictor of extent and severity of CAD, particularly in
iabetic patients.22 In our population, patients with GFR
60 ml/min/1.73 m2 estimated by the MDRD formula had
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ore extensive CAD, but this was not the case when the
ockcroft---Gault formula was used. The increase in cardio-
ascular risk due to RF was independent of angiographic
ndings, since the extent of CAD was not associated with
ortality. These data are in agreement with those of Beddhu

t al., who reported that moderate to severe RF increases
he risk of MI and cardiovascular mortality irrespective of
ther clinical variables or previous angiographic evidence of
AD and its extent.23

In our population, no correlation was seen between peak
roponin I and GFR (except for a tendency for higher tro-
onin I in patients with GFR <60 ml/min/1.73 m2 calculated
y the Cockcroft---Gault formula). This confirms the conclu-
ions of the VALIANT Echo Study,24 which aimed to determine
hether alterations in cardiac structure or function con-

ribute to the increased risk following MI in patients with
F. In this study, global systolic function, ejection fraction,

nfarct segment length and right ventricular function fol-
owing MI were not affected by renal function, suggesting
hat diastolic dysfunction might be an important mediator of
he increased risk. In our population, the lack of correlation
etween peak troponin I and GFR suggests that left ven-
ricular systolic dysfunction after MI in patients with more
xtensive CAD is not the mechanism by which lower GFR has
n adverse prognostic impact.

Both formulas under study were able to predict in-
ospital mortality and acute HF during hospitalization for
I, which suggests that they are equally effective in pre-
icting in-hospital (short-term) cardiovascular risk, although
he MDRD formula has the possible added advantage of
elping to predict CAD extent (although without sufficient
eliability to be used in isolation). However, only GFR calcu-
ated by the MDRD formula was included in the predictive
odel for in-hospital mortality by multivariate analysis,

ven when both formulas were included in the analysis.
FR by the MDRD formula has short-term prognostic value

ndependently of other variables and adds value to the well-
stablished GRACE risk score and the presence of acute HF
n admission, which is known to be associated with worse
rognosis.

The lack of any association in our study between GFR by
he Cockcroft---Gault formula and TIMI risk score in NSTEMI
atients merits further clarification. The fact that previously
ocumented coronary stenosis is one of the variables used
o calculate the TIMI risk score could limit the strength of
ny association with GFR calculated by the Cockcroft---Gault
ormula, since patients with previous CAD did not present
ignificantly lower GFR at admission and hence this for-
ula did not predict extent of CAD in our population and
ould presumably also not predict previous coronary steno-

is. The exclusion of patients with moderate to severe renal
ysfunction from the study on which the TIMI score was
ased (although this was not an explicit major exclusion
riterion)25 may also have contributed to these findings.

The prognostic impact of GFR calculated by the MDRD
ormula was clearly greater in the medium term. This
ormula predicted mortality, readmission for decompen-
ated HF and reinfarction during follow-up. Patients with

FR <60 ml/min/1.73 m2 calculated by this formula had an
lmost 2.5 times higher risk of cardiovascular events during
wo-year follow-up. GFR by MDRD (but not Cockcroft---Gault)
as an independent predictor of mortality during follow-up,

p
i
i
i

S. Barra et al.

dding value to the GRACE risk score. However, the higher
ates of reinfarction and recurrent angina did not reach sta-
istical significance and were not reflected in a higher rate
f recatheterization, a paradox that has been reported in
ther studies.26

The prognostic impact of GFR calculated by the
ockcroft---Gault formula was weaker: although it was an
ffective predictor of in-hospital mortality and both acute
nd two-year HF in univariate analysis, it was not included
n multivariate prediction models of in-hospital or two-year
ortality and did not predict reinfarction. Patients with GFR

60 ml/min/1.73 m2 by this formula only showed a tendency
or greater overall cardiovascular risk at two years (occur-
ence of any endpoint: p = 0.09). ROC curve analysis showed
he MDRD formula to be slightly superior in predicting mor-
ality during follow-up and similar in predicting readmission
or decompensated HF.

The apparent absence of an association between GFR
nd risk of stroke merits examination, since studies on
his subject have produced conflicting results. Go et al.
eported increased risk of cerebral thromboembolism in
enal patients with atrial fibrillation in proportion to sever-
ty of RF independently of other predictive factors and in
ddition to the predictive power of proteinuria.27 By con-
rast, a study by Bouchi et al. showed that the increased
troke risk in patients with RF is mediated by albuminuria
nd not by GFR per se,28 and Bos et al. reported a strong
ssociation between low GFR and risk of hemorrhagic stroke
ut not with overall risk of stroke or of ischemic stroke.29 In
ur study population, GFR did not predict ischemic stroke,
lthough there were more cases of stroke in the group with
FR <60 ml/min/1.73 m2 measured by either formula. The
mall number of cerebrovascular events recorded limited
nalysis of this endpoint.

Our results suggest that the Cockcroft---Gault formula,
hile useful in prognostic assessment at admission and in
redicting HF, is less valuable than the MDRD formula in
edium-term risk stratification of patients admitted for MI,

lthough the difference is slight, as can be seen from the
OC curves. This is in disagreement with the findings of other
uthors.20,21

Any formula for estimating GFR is less reliable in popu-
ations with different characteristics from those on which it
as originally based. When a formula is used in a population
ith a different GFR interval from the original one, the val-
es tend to shift toward the mean of the original population
regression to the mean); a formula developed in a popula-
ion with low GFR will tend to underestimate GFR in healthy
ndividuals. Current formulas were based on patients with
hronic RF and thus will tend to underestimate GFR in our
opulation of MI patients, most with relatively preserved
enal function. Furthermore, these formulas do not take
nto account all determinants of serum creatinine levels,
uch as changes in weight or muscle mass that are indepen-
ent of age, gender or race, diet, and degree of tubular
ecretion. It should also be borne in mind that they were
ot designed for application in hemodynamically unstable
atients (a small but not insignificant proportion of the study

opulation).30 These potential biases affect the prognostic
mpact of GFR in patients with MI; it may well be that their
nfluence is greater in the Cockcroft---Gault formula, since it
s less recent.
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The latest European Society of Cardiology guidelines for
non-ST segment elevation acute coronary syndromes state
that renal function is best assessed with GFR according to
the MDRD equation, but add that in daily clinical practice,
creatinine clearance calculated with the Cockcroft---Gault
formula may also be used.31

Despite all these considerations, the clinician should
always bear in mind that renal dysfunction, even when
subclinical, predicts greater cardiovascular risk and worse
prognosis. The complexities of its associations with more
extensive CAD, greater risk of drug side-effects, more
complications in invasive procedures and greater incidence
of comorbidities, among others, mean that the question can-
not be reduced to one of simple mathematics.

Study limitations

We should point out some of the limitations of this study:

--- The study population was relatively small. Larger samples
will be needed to obtain more reliable conclusions.

--- Ninety patients did not undergo catheterization, which
may have biased the study’s analysis of possible links
between GFR and CAD extent.

--- TIMI score was calculated only for NSTEMI patients, not
for those with STEMI.

--- Readmission for decompensated HF is difficult to define
and standardize. We included only patients requiring hos-
pitalization for >48 hours, but even on this basis, patients
with clinical presentations of widely differing severity
could have been included in the analysis.

--- Killip class was used to assess the presence of acute HF.
However, we recognize the imprecision of the classifica-
tion; HF is a well-defined clinical setting with symptoms
of variable severity, and a patient in Killip class II does
not necessarily have HF symptoms and so should strictly
not be classified as having acute HF.

--- Recent studies have shown that other parameters of renal
function, particularly urea and cystatin C levels at admis-
sion, have at least as much predictive power as GRF for
assessing risk. It would be interesting to see whether GRF
calculated by the MDRD formula would still be an inde-
pendent predictor of mortality if urea and/or cystatin C
levels were included in the analysis.

Conclusions

It is essential to obtain an estimate of GFR in patients
admitted with MI. Besides enabling the administration of
effective and safe doses of the wide variety of drugs that
these patients require, it is also necessary for stratification
of overall in-hospital and medium-term cardiovascular risk.

The present study suggests that the MDRD formula
is slightly superior to the Cockcroft---Gault formula for
prognostic evaluation of these patients, and is an inde-
pendent predictor of in-hospital and two-year mortality,
unlike the Cockcroft---Gault formula. Multivariate models

and ROC curve analysis show that the MDRD formula is more
appropriate for clinical assessment and cardiovascular risk
stratification and should be used in patients admitted to
the ICU with MI. However, the difference between the two
501

ormulas is small, and so it is important to remember that it
s the assessment of renal function itself that counts, rather
han the choice of formula.

onflicts of interest

he authors have no conflicts of interest to declare.

eferences

1. Anavekar N, Pfeffer M. Cardiovascular risk in chronic kidney
disease. Kidney Int. 2004;66:S11---5.

2. Angelantonio E, Danesh J, Eiriksdottir G, et al. Renal function
and risk of coronary heart disease in general populations. PLoS
Med. 2007;4(9):e270.

3. Wright R, Reeder G, Herzog C, et al. Acute myocardial infarction
and renal dysfunction: a high-risk combination. Ann Intern Med.
2002;137(7):563---70.

4. Afshinnia F, Avazi P, Chadow HL. Glomerular filtration rate
on admission independently predicts short-term in-hospital
mortality after acute myocardial infarction. Am J Nephrol.
2006;26(4):408---14.

5. Avanekar N, McMurray J, Velazquez E, et al. Relation between
renal dysfunction and cardiovascular outcomes after myocardial
infarction. N Engl J Med. 2004;351:1285---95.

6. Holzmann J, Ivert T, Jungner I, et al. Renal function assessed
by two different formulas and incidence of myocardial infarc-
tion and death in middle-aged men and women. J Inter Med.
2010;267(4):357---69.

7. Pimenta E, Ramos R, Gun C, et al. Evolução da função renal na
fase aguda do infarto do miocárdio como fator prognóstico de
eventos na fase intra-hospitalar e em um ano de seguimento.
Arquivos Bras Cardiol. 2006;86(3):170---4.

8. Mendis S, Thygesen K, Kuulasmaa K, et al. World Health Orga-
nization definition of myocardial infarction: 2008---09 revision.
Int J Epidemiol. 2011;40(1):139---46.

9. Lekston A, Kurek A, Tynior B. Impaired renal function in acute
myocardial infarction. Cardiol J. 2009;16(5):400---6.

0. Rutherford E, Leslie S, Soiza R. Creatinine and eGFR are simi-
larly predictive of outcome of acute coronary syndrome. Int J
Cardiol. 2010;141(1):118---20.

1. Mielniczuk LM, Pfeffer MA, Lewis EF, et al. Acute decline in renal
function, inflammation, and cardiovascular risk after an acute
coronary syndrome. Clin J Am Soc Nephrol. 2009;4(11):1811---7.

2. Goldberg A, Kogan E, Hammerman H, et al. The impact
of transient and persistent acute kidney injury on long-
term outcomes after acute myocardial infarction. Kidney Int.
2009;76(8):900---6.

3. Xie D, Hou YQ, Hou FF, et al. Coronary stenting does not improve
the long-term cardiovascular outcome of patients with mild to
moderate renal insufficiency. Chin Med J. 2009;122(2):158---64.

4. Celik T, Iyisoy A, Yuksel CU, et al. Impact of admission
glomerular filtration rate on the development of poor myocar-
dial perfusion after primary percutaneous intervention in
patients with acute myocardial infarction. Coron Artery Dis.
2008;19(8):543---9.

5. Cardarelli F, Bellasi A, Ou FS, et al. Combined impact of age
and estimated glomerular filtration rate on in-hospital mortality
after percutaneous coronary intervention for acute myocardial
infarction. Am J Cardiol. 2009;103(6):766---71.

6. Nakata T, Hashimoto A, Wakabayashi T, et al. Prediction

of new-onset refractory congestive heart failure using gated
myocardial perfusion SPECT imaging in patients with known
or suspected coronary artery disease. J Am Coll Cardiol Img.
2009;2:1393---400.



5

1

1

1

2

2

2

2

2

2

2

2

2

2

3

02

7. Poggio E, Wang X, Greene T, et al. Performance of the modifica-
tion of diet in renal disease and Cockcroft---Gault equations in
the estimation of GFR in health and in chronic kidney disease.
J Am Soc Nephrol. 2005;16:459---66.

8. Melloni C, Peterson E, Chen A, et al. Cockcroft---Gault versus
modification of diet in renal disease: importance of glomerular
filtration rate formula for classification of chronic kidney dis-
ease in patients with non-ST-segment elevation acute coronary
syndromes. J Am Coll Cardiol. 2008;51:991---6.

9. O’Meara E, Chong K, Gardner R, Jardine A, Neilly J, McDonagh T.
The Modification of Diet in Renal Disease (MDRD) equations pro-
vide valid estimations of glomerular filtration rates in patients
with advanced heart failure. Eur J Heart Fail. 2006;8(1):
63---7.

0. Szummer K, Lundman P, Jacobson S, et al. Cockcroft---Gault
is better than the Modification of Diet in Renal Disease study
formula at predicting outcome after a myocardial infarc-
tion: data from the Swedish Web-system for Enhancement and
Development of Evidence-based care in Heart disease Evalu-
ated According to Recommended Therapies (SWEDEHEART). Am
Heart J. 2010;159(6):979---86.

1. Lin Y, Zheng Z, Li Y, et al. Impact of renal dysfunction on long-
term survival after isolated coronary artery bypass surgery. Ann
Thorac Surg. 2009;87:1079---84.
2. Abaci A, Sen N, Yazici H, et al. Renal dysfunction is the most
important predictor of the extent and severity of coronary
artery disease in patients with diabetes mellitus. Coron Artery
Dis. 2007;18(6):463---9.

3

S. Barra et al.

3. Beddhu S, Allen-Brady K, Cheung A, et al. Impact of renal fail-
ure on the risk of myocardial infarction and death. Kidney Int.
2002;62:1776---83.

4. Verma A, Anavekar N, Meris A, et al. The relationship between
renal function and cardiac structure, function, and prognosis
after myocardial infarction: The VALIANT Echo Study. J Am Coll
Cardiol. 2007;50(13):1238---45.

5. Antman E, Cohen M, Bernink P, et al. The TIMI Risk score for
unstable angina/non-ST elevation MI. JAMA. 2000;284:835---42.

6. Radia H. STEMI and NSTEMI patients with CKD receive fewer
evidence-based treatments and show higher mortality rates.
Circulation. 2010;121:345---7.

7. Go A, Fang M, Udaltsova N, et al. Impact of proteinuria and
glomerular filtration rate on risk of thromboembolism in atrial
fibrillation. Circulation. 2009;119:1363---9.

8. Bouchi R, Babazono T, Nyumura I, et al. Is a reduced estimated
glomerular filtration rate a risk factor for stroke in patients with
type 2 diabetes? Hypertension Res. 2009;32:381---6.

9. Bos M, Koudstaal P, Hofman A, et al. Decreased glomerular fil-
tration rate is a risk factor for hemorrhagic but not for ischemic
stroke. Stroke. 2007;38:3127.

0. Stevens L, Levey A. Clinical implications of estimating
equations for glomerular filtration rate. Ann Intern Med.
2004;141(12):959---61.
1. Hamm C, Bassand JP, Agewall S, et al. ESC guidelines for the
management of acute coronary syndromes in patients present-
ing without persistent ST-segment elevation. Eur Heart J. 2011,
http://dx.doi.org/10.1093/eurheartj/ehr236.

dx.doi.org/10.1093/eurheartj/ehr236

	Glomerular filtration rate: Which formula should be used in patients with myocardial infarction?
	Introduction
	Methods
	Statistical analysis
	Results
	MDRD formula
	Cockcroft-Gault formula
	Discussion
	Study limitations
	Conclusions
	Conflicts of interest
	References


