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Abstract
Prescription of non-vitamin K antagonist oral anticoagulants (NOACs) requires an assessment of renal function (RF) and 
the Cockcroft–Gault (CG) equation is traditionally recommended. The objective of the study was to evaluate the potential 
changes in NOACs management using different equations for estimating RF. In a post hoc analysis of a prospective cohort 
of patients with atrial fibrillation, we considered different equations: (1) CG for creatinine clearance (CrCl), (2) modification 
of diet in renal disease (MDRD), (3) CKD-EPI, (4) Berlin Initiative Study 1 (BIS-1) and (5) full age spectrum (FAS), for 
glomerular filtration rate (GFR). RF was classified according to CrCl in three categories: severely depressed (SD-RF) < 30 ml/
min; moderately depressed (MD-RF) 30–49 ml/min; preserved/mildly depressed (P-RF) ≥ 50 ml/min. Concordances in the 
assignments were analyzed. A population of 402 patients (61.2% males, age 72 ± 11) was categorized according to CrCl: 12 
patients (2.9%) as SD-RF, 81 (20.1%) as MD-RF, 309 (76.8%) as P-RF. A potential change in NOACs management could 
occur using GFR equations rather than CrCl in 16.9% of patients using MDRD formula, in 11.7% using BIS-1, in 14.7% 
using CKD-EPI and in 12.9% using the FAS equation. Important changes in RF estimates were more frequent in patients 
aged ≥ 75, but also BMI had a meaningful impact. Use of equations estimating GFR instead of the Cockcroft–Gault equation 
may result in changes in NOACs management in 12–17% of patients. In the elderly ≥ 75, more pronounced changes in RF 
classification are detectable according to different equations and NOACs dosing should be further investigated.

Keywords  Anticoagulation · Atrial fibrillation · Non-vitamin K antagonists oral anticoagulants · Renal function · 
Glomerular filtration rate · Creatinine clearance

Background

Oral anticoagulants (OAC) are now the cornerstone of man-
agement of patients with atrial fibrillation (AF) [1]. After 
decades of use of vitamin-K antagonists [2], non-vitamin-
K antagonists oral anticoagulant drugs (NOACs) recently 
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became available in clinical practice, on the basis of evi-
dence from randomized controlled trials (RCTs) [3–8].

The prescription of NOACs requires an assessment of 
renal function (RF). In accordance with RCTs, use of the 
Cockcroft–Gault equation is recommended to estimate cre-
atinine clearance (CrCl) as a guide to eligibility for NOACs 
(if CrCl is ≥ 30 ml/min) [7, 9, 10] and appropriate NOACs 
dosing (if CrCl is between 30 and 49) [11] since NOACs 
elimination depends on RF, reemphasizing the importance 
of appropriate patient selection, drug dosing, and periodic 
monitoring of RF [11]. However, assessment of glomerular 
filtration rate (GFR) and not CrCl is nowadays the mainstay 
to evaluate renal function for categorizing the various stages 
of chronic kidney disease, and in daily practice clinicians 
often estimate GFR from the serum creatinine concentra-
tion, using several formulas developed from serum creati-
nine concentration [12].

In its clinical practice guidelines, the “Kidney Disease: 
Improving Global Outcome (KDIGO)” group recommends 
estimation of RF with the Chronic Kidney Disease Epide-
miology Collaboration group (CKD-EPI) formula [13], thus 
evaluating GFR, in contrast with the RCTs on NOACs that 
uses the Cockcroft–Gault (CG) formula, to guide NOAC 
prescription.

Aim

The main objective of the study is to evaluate the potential 
changes in decision making focusing on the prescription 
NOACs (possibility to prescribe a full or a reduced dose) 
on the basis of different equations currently available for 
estimation of RF.

Our aim is also to assess the level of concordance among 
different equations for estimating the impairment of RF and 
to identify independent predictors of changes in patient allo-
cation in different categories of RF, when using equations 
different from the CG formula.

Materials and methods

In this observational study, we analyzed all “real world” 
patients with AF who were enrolled in two prospective reg-
istries, one promoted by the ESC and a spontaneous non-
founded one, performed at our Institution during the period 
between March 2016 and April 2017. No time overlap exists 
between the two registries. The population consisted of con-
secutive in- and out-patients presenting with AF to our insti-
tution. Both registries, characterized by a similar design and 
differentiated only by the time course, were approved by our 
local ethical committee and all the patients provided writ-
ten informed consent. Atrial fibrillation (AF) was defined 
as the absence of P waves and irregular R–R interval on 

electrocardiogram. The types of AF were defined using the 
classification proposed by the European Society of Cardiol-
ogy [1].

Inclusion and exclusion criteria

Enrollment required an age of at least 18 years and an ECG-
confirmed diagnosis of AF, with a qualifying episode of AF 
documented in the 12 months prior to enrollment. The pres-
ence of AF at the time of inclusion was not required, and 
AF also need not represent the main reason for admission 
or referral.

Exclusion criteria were: atrial flutter episodes as the only 
supraventricular tachyarrhythmia; presence of a prosthetic 
mechanical valves or at least moderate-to-severe mitral ste-
nosis, the latter characterizing patients as affected by “type 1 
valvular AF” [14] and thus not suitable for NOACs accord-
ing to RCTs and guidelines.

Data collection

For each patient, demographic, clinical, laboratory, and 
echocardiographic data were prospectively collected, as well 
as drug prescriptions. Moreover, information about AF pat-
tern time since the first episode, symptoms and co-morbid-
ities was acquired. Thromboembolic and hemorrhagic risks 
were calculated (CHA2DS2-VASc and HASBLED score) 
according to European Society of Cardiology guidelines [1].

In a retrospective analysis of the data prospectively col-
lected in our registries, we focused on equations for RF 
evaluation. For estimating RF, the following equations were 
used: (1) the Cockcroft–Gault (CG) formula for CrCl [15]; 
(2) the modification of diet in renal disease (MDRD) [16], 
(3) CKD-EPI [17], (4) Berlin Initiative Study 1 (BIS-1) 1 
[18] and (5) full age spectrum (FAS) [19] equations for GFR.

We also calculate a body surface area adjusted CG (BSA-
CG) to reduce shortcomings of CG formula in accordance 
with Rostoker et al. who propose a modified CG formula 
taking into account the body surface area (BSA) to improve 
the accuracy of CrCl estimation [20].

Patients are stratified in three categories of RF on the 
basis of CrCl, calculated using CG formula, as follows: (1) 
severely depressed RF (SD-RF) < 30 ml/min; (2) moderately 
depressed RF (MD-RF) 30–49 ml/min; and (3) preserved/
mildly depressed RF (P-RF) ≥ 50 ml/min. Concordance in 
the assignment to every specific class is analyzed according 
to different equations. The choice of the cutoffs is in line 
with the cutoffs commonly used for prescribing the appropri-
ate dose of NOACs [11]. The same cutoff points are applied 
to the other equations analyzed in the study, in order to guide 
NOACs prescription, even if they do not correspond to the 
staging of chronic kidney disease proposed by KDIGO [13].
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Statistical analysis

Continuous variables are expressed as mean ± SD, median 
and range. Among-group comparisons are made using a 
non-parametric analysis of variance (Kruskal–Wallis test). 
Categorical variables are reported as number of patients 
and percentages. Among-group comparisons are made 
using a χ2 test.

The concordance between the various proposed formu-
las, considered as the degree of agreement between the 
two formulae, is evaluated by Cohen’s kappa, which evalu-
ates the consistency, taking into account the concordance 
due to the case. In practice, the coefficient of concord-
ance (K) evaluates the performance of a formula compared 
to another (which can represent the clinical gold stand-
ard) [21]. Concordance is defined as follows: K < 0.20 
poor; 0.20–0.40 modest; 0.41–0.60 moderate; 0.61–0.80 
good; > 0.80 excellent [21].

We also calculate the intraclass correlation coefficients 
in a head-to-head comparison of different formulas esti-
mating renal function, according to the method reported 
by Shrout and Fleiss [22].

Bland–Altman analysis is also used to compare the dif-
ferent equations for eGFR estimate. In detail, we plot, in a 
head-to-head fashion, the differences between the different 
formulas against the mean of the two values. We compare 
the difference of the two values with 0, and with 1 by 
means of one-sample t test. We consider outliers to be the 
cases outside of the upper and lower limits (± 1.96 SD). 
We do not enter allowed differences between the methods 
because the ideal allowed difference is 0, allowing to cat-
egorize in the same way the cases.

For the evaluation of independent predictors of changes 
in RF category, which can be associated with a change 
in the prescription and dosing of anticoagulant therapy, 
a univariate and stepwise multivariate logistic regression 
analysis was performed. The variables tested in univari-
ate analysis were: sex, age ≥ 75 years, hypertension, dia-
betes, heart failure (NYHA class 3 or more or ejection 
fraction ≤ 40%), coronary artery disease, peripheral artery 
disease, stroke or systemic embolism, total and major 
bleedings, valvular disease (defined as the presence of 
at least moderate aortic or mitral disease or biological 
prosthetic valve requiring anticoagulation for AF only), 
dyslipidemia, smoking habit (former + current), alcohol 
consumption > 8 drink per week, presence of neoplastic 
disease (prior or current), CHA2DS2-VASc > 0 (> 1 if 
female), HASBLED score > 2, permanent AF, history of 
first episode of AF more than a month earlier, severely 
abnormal maximum indexed left atrial volume (> 48 ml/
m2), body mass index (BMI) as a continuous variable.

The multivariate analysis was performed introducing in 
the model all the variables with a value of p < 0.10 in the 
univariate analysis.

In the regression analysis, we built two models to avoid 
considering the same factors twice, once as predictor at uni-
variate analysis and again as part of the CHA2DS2-VASc 
and HASBLED scores. In the first model, we introduced 
CHA2DS2-VASc and HASBLED (when statistically eligible) 
but without the variables suitable for the analysis contrib-
uting to calculate the scores. In the second model, regres-
sion analysis was performed excluding CHA2DS2-VASc and 
HASBLED, but introducing the variables nested in those 
scores, when statistically eligible for the analysis.

The results are presented by the odds ratio (OR), the 95% 
confidence interval (95% CI), and the p value. Values of 
p < 0.05 were considered statistically significant.

All analyses were performed using SPSS statistical soft-
ware version 18.0 and MedCalc version 18.2.

Results

From the original cohort of 413 patients, 11 patients were 
excluded since AF was associated with prosthetic mechani-
cal valves (9 cases) or mitral stenosis (at least moderate-to-
severe) (2 cases), thus excluding candidacy to NOACs.

Population features

We considered 402 patients (246 male; 61.2%), with a mean 
age of 72 ± 11 (range 18–94 years), with general character-
istics shown in Table 1.

According to CrCl, estimated by CG equation, 12 patients 
(3%) are allocated to the SD-RF group, 81 (20.1%) to the 
MD-RF group and 309 (76.9%) to the P-RF group. Mean 
age is 85 ± 4 years in SD-RF group, 80 ± 6 in MD-RF group, 
70 ± 11 in P-RF group (p < 0.0001).

A detailed picture of the specific drugs prescribed for 
anticoagulation in our patients is shown in Table w1 (Sup-
plementary web-only Appendix).

We calculate the percentages of patient re-allocated to 
each class of RF (corresponding to the cutoffs commonly 
used for prescribing the appropriate dose of NOACs) 
(Table 2) for each specific equation used for RF assessment. 
Some differences are found in the number of patients allo-
cated to each category of eGFR, according to different equa-
tions. As shown in Table 2 by re-classifying RF according 
to CG adjusted for BSA, a change in RF class as compared 
to CG occurs in 30 cases (7.5%).

A change in RF class occurs in 68 cases (16.9%) using 
MDRD equation, in 47 cases (11.7%) using BIS-1 equation, 
in 59 cases (14.7%) using CKD-EPI equation and in 52 cases 
(12.9%) according to FAS equation.
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Independent predictors of changes in RF class 
as compared to Cockcroft–Gault equation

We analyze what variables at multiple regression analysis 
are independent predictors of changes in RF class using 
alternative equations as compared to the classification of 
RF based on CG formula. The results are shown in Table 3 
for individual variables and in the Tables w2–w5 in the Sup-
plementary web-only Appendix.

Age ≥ 75 years predicts a change in RF classification, 
as compared to the classification based on CG formula, 
when using any of the equations for eGFR. For MDRD 

and CKD-EPI, the changes in RF classification, as com-
pared to CG, are affected by many independent variables, 
while fewer variables condition the changes observed for 
BIS-1 and FAS equations. A lower BMI significantly 
changes the RF classification as compared to the clas-
sification based on CG, when the MDRD or the CKD-
EPI equations are used. As shown in Tables w2–w5, the 
HAS-BLED score predicts a re-categorization of RF, sug-
gesting that for some equations the patients higher risk 
of bleeding may have different estimate of RF, with some 
potential impact on drug dosing and consequent risk of 
bleeding.

Table 1   Patient characteristics according to the classes of RF (CrCl with Cockcroft–Gault equation)

CrCl creatinine clearance, CG Cockcroft–Gault, BMI body mass index, BSA body surface area, IQ interquartile, SD standard deviation, CAD 
coronary artery disease, PAD peripheral artery disease, COPD chronic obstructive pulmonary disease, CKD chronic kidney disease, AF atrial 
fibrillation, SE systemic embolism, HF heart failure, LV EF left ventricular ejection fraction, LA Vol left atrial volume
Valvular heart disease definition: at least one between—prior valvuloplasty or valve repair; moderate/severe or severe mitral regurgitation or aor-
tic regurgitation or aortic stenosis; biological prosthetic valves

Overall SD-RF group
CG < 30 ml/min

MD-RF group
CG 30–49 ml/min

P-RF group
CG ≥ 50 ml/min

p (among the 3 
groups of RF)

Mean ± SD or N (%) Median IQ range 12 patients 81 patients 309 patients

Age (years) 72.4 ± 11.2 75.0 66–80 85.3 ± 4.2 80.5 ± 6.2 69.7 ± 10.9 < 0.001
Age ≥ 75 years 202 (50.2) 12 (100) 69 (85.2) 121 (39.2) < 0.001
Female N (%) 156 (38.8) 5 (41.7) 46 (56.8) 105 (34.0) 0.001
BMI (kg/m2) 26.8 ± 4.4 26.5 23.6–29.4 23.9 ± 2.3 25.3 ± 3.9 27.3 ± 4.4 < 0.001
BSA (m2) 1.9 ± 0.2 1.9 1.73–2.01 1.7 ± 0.1 1.8 ± 0.2 1.9 ± 0.2 < 0.001
Serum creatinine (mg/dl) 1.0 ± 0.4 0.94 0.78–1.13 2.1 ± 0.6 1.3 ± 0.4 0.9 ± 0.2 < 0.001
Hypertension 279 (69.4) 11 (91.7) 66 (81.5) 202 (65.4) 0.005
Diabetes mellitus 68 (16.9) 6 (50.0) 15 (18.5) 47 (15.2) 0.006
Dyslipidemia 163 (40.5) 4 (33.3) 36 (44.4) 123 (39.8) 0.657
Smoking (current or 

former)
154 (38.3) 3 (25.0) 25 (30.9) 126 (40.8) 0.166

Alcohol > 8 drinks/week 14 (3.5) 0 (0) 2 (2.5) 12 (3.9) 0.661
CAD 116 (28.9) 6 (50.0) 35 (43.2) 75 (24.3) 0.001
Valvular heart disease 48 (11.9) 5 (41.7) 11 (13.6) 32 (10.4) 0.004
Neoplasm (prior or cur-

rent)
75 (18.7) 2 (16.7) 23 (28.4) 50 (16.2) 0.042

CHA2DS2-VASc 3.5 ± 1.9 4.0 2–5 5.8 ± 1.2 4.8 ± 1.4 3.0 ± 1.7 < 0.001
HAS-BLED 1.4 ± 1.0 1.0 1–2 2.7 ± 0.9 2.1 ± 0.9 1.2 ± 0.9 < 0.001
Permanent AF 166 (41.3) 8 (66.7) 51 (63.0) 107 (34.6) < 0.001
First AF episode more than 

a month before enroll-
ment

314 (78.1) 10 (83.3) 66 (81.5) 238 (77.0) 0.624

EHRA score 1.6 ± 0.8 1.0 1–2 1.6 ± 0.7 1.6 ± 0.8 1.7 ± 0.9 0.934
NYHA I 327 (81.3) 2 (16.7) 57 (70.4) 268 (86.7) < 0.001
NYHA II 50 (12.4) 6 (50.0) 17 (21.0) 27 (8.7)
NYHA III–IV 25 (6.2) 4 (33.3) 7 (8.6) 14 (4.5)
LV EF (%) 54.0 ± 11.6 57.0 50–60 40.2 ± 8.9 50.7 ± 11.6 55.4 ± 11.2 < 0.001
LV EF < 40% 47 (11.7) 5 (41.7) 14 (17.3) 28 (9.1) 0.001
NYHA III–IV or LV 

EF < 40%
57 (14.2) 8 (66.7) 16 (19.8) 33 (10.7) < 0.001
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Analysis of concordance among the different 
equations for estimating RF

Table 4 shows the level of concordance between all the 
different equations. Using Cohen’s weighted K test for the 
concordance of attribution to each class of eGFR, we found 
some degree of agreement between all the categorizations.

For all comparisons, the concordance was moderate 
(> 0.41) among the various proposed formulae, with the 
lowest concordance between CG equation and CKD-EPI 
(weighted K coefficient 0.571 IC 95%; 0.476–0.665) and 
MDRD equation (0.467 [0.367–0.566]) and the highest val-
ues between: (a) CG and BSA-CG equations [weighted K 
coefficient of 0.803 (0.736–0.869)]; (b) BSA-CG and BIS-1 
equations [weighted K coefficient of 0.825 (0.762–0.887)]; 

CKD-EPI and MDRD equations [weighted K coefficient of 
0.816 (0.743–0.888)]; FAS and BIS-1 equations [weighted 
K coefficient of 0.942 (0.904–0.979)].

Table w6 (Supplementary web-only Appendix) shows the 
intraclass correlation coefficients for the head-to-head com-
parisons of different formulas in estimating the allocation to 
specific RF classes. Compared with CG equation, BSA-CG 
showed the highest reliability and correlation, followed by 
FAS and BIS-1, while MDRD had the lowest reliability.

Comparing CG estimates with the results of other formu-
las, the mean differences with the Bland–Altman test were 
always significantly different from 0 (p < 0.05). The plots 
of differences between CG and other formulas against the 
arithmetic mean of the same comparison are shown in figure 
w1 to w4. The outliers were 22 (5.5%) comparing CG with 

Table 2   Number and percentage 
of patients allocated to the 
different classes of RF, 
reclassified according to 
equations, for renal function 
estimate different from CG

MD-RF mild depressed renal function (CrCl 30–49 ml/min), P-RF preserved renal function (CrCl ≥ 50 ml/
min), SD-RF severely depressed renal function (CrCl < 30 ml/min), CrCl creatinine clearance, BSA body 
surface area. Italicization represents patients with SD-RF, bold represents MD-RF, bold and italics repre-
sent P-RF

Class of RF according to CG CG-BSA n (%) MDRD n (%) BIS-1 n (%) CKD-EPI n (%) FAS n (%)

SD-RF n. 12 (3%) 11 (91.7) 4 (33.3) 6 (50) 7 (58.3) 8 (66.7)
1 (8.3) 8 (66.7) 6 (50) 5 (41.7) 4 (33.3)
0 0 0 0 0

MD-RF n. 81 (20.1%) 2 (2.5) 2 (2.5) 1 (1.2) 4 (4.9) 4 (4.9)
69 (85.2) 33 (40.7) 63 (77.8) 43 (53.1) 60 (74.1)
10 (12.3) 46 (56.8) 17 (21) 34 (42) 17 (21)

P-RF n. 309 (76.9%) 0 0 0 0 0
17 (5.5) 12 (3.9) 23 (7.4) 16 (5.2) 27 (8.7)
292 (94.5) 297 (96.1) 286 (92.6) 293 (94.8) 282 (91.3)

Table 3   Results of multiple regression analysis, performed for any eGFR equation, in order to identify the variables independently associated 
with change of RF class, as compared with the RF classification based on CG equation

Dyslipidemia: history of hypercholesterolemia or hypertrygliceridemia or mixed hyperlipemia on behavioral or pharmacological therapy
*NYHA III–IV or LV EF < 40%, RF renal function, BMI body mass index, SE systemic embolism, AF atrial fibrillation, CAD coronary artery 
disease, COPD chronic obstructive pulmonary disease, LV left ventricular, PAD peripheral artery disease

Variables Change in RF class 
using MDRD equa-
tion

p Change in RF class 
using CKD-EPI equa-
tion

p Change in RF class 
using BIS-1 equa-
tion

p Change in RF class 
using FAS equation

p

Age ≥ 75 years 2.05 (1.07–4.84) 0.029 2.39 (1.25–4.59) 0.009 2.19 (1.11–4.29) 0.023 3.18 (1.71–5.89) < 0.001
BMI 0.88 (0.82–0.95) 0.001 0.92 (0.85–0.99) 0.023 0.91 (0.84–1.04) 0.093 0.96 (0.89–1.03 0.058
Female sex 2.57 (1.44–4.58) 0.001 2.53 (1.39–4.59) 0.002
Previous Stroke/SE 2.27 (1.06–4.84) 0.034
Permanent AF 2.18 (1.20–3.93) 0.010 1.16 (0.61–2.18) 0.629
CAD 2.05 (1.13–3.72) 0.019
Hypertension 1.73 (0.84–3.59) 0.260 1.57 (0.74–3.34) 0.233 2.21 (0.95–5.16) 0.159 1.99 (0.92–4.32) 0.239
COPD 3.14 (1.31–7.54) 0.010 2.86 (1.26–6.52) 0.012
Heart failure/LV 

dysfunction*
2.04 (1.11–3.76) 0.022 2.38 (1.27–4.48) 0.007

Dyslipidemia 1.85 (1.02–3.37) 0.044
PAD 1.68 (0.79–3.55) 0.205
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MDRD, 17 (4.2%) with BIS-1, 16 (4%) with CKD-EPI and 
22 (5.5%) with FAS equation.

Discussion

Our results show that using the equations proposed for esti-
mating GFR may imply that for every 6–9 patients the dif-
ferent categorization of RF could result in a substantially 
different management of NOACs, in terms of drug dosing 
or even avoidance of prescription according to the evidence-
based recommendations.

According to the Food and Drug Administration (FDA) 
Guidance for Industry, published in 1998 and directed to 
pharmaceutical companies and researchers, drug dosing has 
been traditionally based on pharmacokinetic studies where 
kidney function is assessed using creatinine clearance levels 
estimated from the CG equation [23]. However, the accuracy 
of CG equation in estimating RF is questionable, especially 
when age and BMI are at extreme ranges [24], and in a study 
focused on classification of RF according to classes pro-
posed by the FDA, the MDRD equation, as compared to CG 
equation, has a greater rate of concordance with the gold 
standard of GFR measured with inulin clearance for both 
assignment to RF categories recommended by the FDA and 
adjustment of specific drug dosing [25]. In another compara-
tive study using inulin clearance as the gold standard for RF 
evaluation in individuals with and without kidney dysfunc-
tion, the MDRD equation is slightly more precise than the 
CG equation, but only at a low GFR, and the limitations of 
CG in comparison with the gold standard are evident, with 
CG leading to overestimation of RF in obesity, and underes-
timation in underweight and older age patients [24].

In recent studies evaluating also CKD-EPI, always using 
inulin clearance as the gold standard for RF evaluation, the 
CKD-EPI formula gives the best overall accuracy and agree-
ment after classification in subgroups of GFR [17, 26], while 
MDRD has the best diagnostic accuracy when GFR ranges 

from 15 to 29 ml/min per 1.73 m2 [26]. More recently, the 
BIS-1 equation is proposed to principally analyze eGFR in 
elderly populations: this equation is created using 3 variables 
(age, gender and serum creatinine) to avoid the risk of RF 
overestimation that use of CG, MDRD and CKD-EPI equa-
tions may imply in elderly subjects [18]. BIS-1 represents 
the first attempt to tailor a formula to the aged population. 
Another formula recently proposed, the FAS equation, is 
found to have improved validity and continuity across the 
full age spectrum and to overcome the problem of implau-
sible eGFR assessment in the elderly [19].

In clinical practice, clinicians have to face the difficulty 
of choosing the right formula for the right patient to start 
the right treatment according to a reliable assessment of RF. 
According to our data, the grading of RF impairment may 
change according to the specific equation adopted for esti-
mating RF and management of NOAC may consequently 
vary since the concordance between CG formula and other 
equations, specifically the MDRD or CKD-EPI equations, 
is suboptimal.

In a more general view, not limited to NOACs prescrip-
tion, it is unclear which formula can be recommended for 
clinical practice among the many equations proposed for 
calculating eGFR on the basis of serum creatinine [13, 27]. 
The KDIGO document recommends use of the CKD-EPI 
equation [13], while randomized trials exploring NOACs 
versus warfarin used the CrCl estimate by CG equation 
[3–6, 11, 27, 28]. Moreover, many laboratories report eGFR 
calculated with MDRD formula, as a routine when serum 
creatinine is measured. Every clinician should perhaps be 
informed about the existence of limited concordance and 
potentially different information impacting on clinical deci-
sion making.

The main differences that we found in the allocation 
of patients to a specific class of RF more frequently were 
related to patients initially classified in the group with 
MD-RF according to CrCl estimated by the CG equation. 
In our study, only 3% of patients with AF had an SD-RF 

Table 4   Concordance in head-to-head comparison among formulas evaluating RF according to weighted Cohen’s kappa coefficients [K (95% 
CI)]

We show comparisons with moderate concordance in bold, in italicization with good concordance, in bold and italics with excellent concordance

Cockcroft–
Gault BSA-
adjusted

CKD-EPI MDRD FAS BIS-1

Cockcroft–Gault 0.803 (0.736–
0.869)

0.571 (0.476–0.665) 0.467 (0.367–0.566) 0.661 (0.578–0.743) 0.687 (0.606–0.767)

Cockcroft–Gault 
BSA-adjusted

0.669 (0.584–0.753) 0.518 (0.421–0.614) 0.797 (0.732–0.861) 0.825 (0.762–0.887)

CKD-EPI 0.816 (0.743–0.888) 0.785 (0.714–0.855) 0.758 (0.683–0.832)
MDRD 0.614 (0.525–0.702) 0.627 (0.534–0.719)
FAS 0.942 (0.904–0.979)
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according to the reference equation for NOACs pre-
scription, i.e., CG equation. This percentage is in agree-
ment with findings from large registries, meta-analyses 
and observational studies conduced in AF patients, for 
example, 2.0% in the Global Anticoagulant Registry in 
the FIELD (GARFIELD) study [29], 2.7% in the Danish 
national registries [30], and 3.7% in EORP-AF general 
pilot registry [31].

Patients with impairment in RF are at increased risk 
for thromboembolic and bleeding events, especially if the 
impairment is severe [30, 32]. An increased risk of bleeding 
was reported in very old (≥ 80 years) patients treated with 
vitamin-K antagonist and was similarly predicted by CG, 
MDRD and CKD-EPI formulas [33], but this finding needs 
to be reassessed in the context of treatment with NOACs in 
view of the importance of renal function for NOAC dos-
ing in the specific context of very old and more vulnerable 
patients. According to the current guidelines [1], patients 
with a CrCl < 30 ml/min are not recommended NOACs. The 
factor Xa inhibitors are currently approved in Europe and in 
the U.S. for use in patients with CrCl 15–30 mL/min, with a 
reduced dose regimen only on the basis of pharmacokinetic 
data, since no controlled data on outcomes in terms of effec-
tiveness and safety are available in patients with advanced 
CKD (CrCL < 25–30 mL/min) [11].

Our study shows that prescription and management of 
NOACs, in view of their important dependence on RF, could 
vary in a substantial proportion of patients according to the 
use of different formulae for RF classification and that this 
may have important implications on NOACs dosing, as well 
as on the possibility to actually prescribe the drug accord-
ing to available evidence. Using MDRD, BIS-1, CKD-EPI 
and FAS equations, instead of the CG formula, from one- to 
two-thirds of the patients initially allocated to the SD-RF 
group were changed their allocation category and moved to 
a higher eGFR group (Table 2).

A similar variation is found for MD-RF group, since 
using MDRD or CKD-EPI equations, a great proportion of 
patients (59.3 and 46.9%, respectively) modified RF class 
allocation. On the other hand, when using BIS-1 and FAS 
formulae, this allocation change is found in a lower percent-
age of patients (22.2 and 25.9%, respectively). This phenom-
enon is less evident when analyzing the patients allocated to 
the P-RF group on the basis of CG formula, since realloca-
tion occurs in around 4–8% of cases. The limited agreement 
between the CG equation and every alternative eGFR equa-
tion taken into account, found with Cohen’s weighted k, is 
also confirmed by the Bland–Altman test.

Discordance between MDRD, CKD-EPI and CG formu-
las with regard to dosing of NOACs has also been reported 
by Manzano-Fernandez et al. [34]. Similar analyses com-
paring BIS-1 and FAS equations to mentioned formulae in 
AF patients are lacking and, in this perspective, our study 

provides novel inputs for clinical management of NOACs, 
that could be considered for additional prospective studies.

In view of our results, if an equation for eGFR has to 
be selected as an alternative to the traditional evaluation of 
CrCl with the Cockcroft Gault equation, the BIS-1 equa-
tion should be the object of special consideration in view 
of a better concordance as compared with other equations 
for eGFR, combined with the better precision and accuracy 
demonstrated for patients aged 70 years or older [18]. In 
view of the limitations of the CG equation in appropriately 
estimating RF as compared to the gold standard of inulin 
clearance [24, 25], prospective evaluations considering the 
safety and efficacy of NOACs prescriptions on the basis of 
the newest formulas for eGFR should be promoted, espe-
cially in the elderly aged ≥ 75 years. Indeed, an advanced 
age (≥ 75 years) is an independent predictor of changes 
in RF class with any of the equations for eGFR that were 
tested and, therefore, further studies on NOACs manage-
ment according to RF are especially needed in this group of 
patients, usually the most fragile with regard to both throm-
botic and hemorrhagic events. Also, patients at the extremes 
of BMI deserve additional investigations for appropriate 
assessment of RF and NOACs dosing.

The National Kidney Disease Education Program 
(NKDEP) updated its guidelines in 2009, indicating the use 
of either the CG equation for CrCl or the MDRD equation 
for eGFR for appropriate drug dosing according to RF [35]. 
Also, the FDA updated in 2010 the guidance, by recom-
mending that manufacturers have to provide drug dosing 
recommendations on the basis of both an eCrCl and eGFR 
assessment [36]. Unfortunately, during the development of 
NOACs dosing recommendations did not consider eGFR 
and further investigation targeted to further NOACs safety 
and efficacy according to a different approach to drug dos-
ing, especially in some patients subgroups (elderly, extremes 
of body weight, etc.) .

Our finding are of interest for the planning of future 
cohort studies targeted to evaluate the impact in terms of 
safety (bleeding) and efficacy (stroke or systemic embolism) 
of clinical use, as an alternative to CG formula, of one of 
the equations proposed for eGFR, in accordance with the 
guidance released by FDA in 2010 recommending indica-
tions on drug dosing on the basis of both eCrCl and eGFR 
assessments [36].

Our study has some limitations, linked to its observa-
tional nature and we cannot exclude the presence of some 
confounding unmeasured factors, or binarily categorized 
variables. For RF classification, we used the cutoff points 
of FDA that differ from those of the National Kidney Foun-
dation thresholds for normal and mild renal impairment (90 
and 60, respectively) [37], but our intention was a compari-
son with limits for NOACs prescription and not grading a 
renal dysfunction. Another caveat could be the comparison 
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between CG equation (that estimate CrCl) and formulas that 
estimate eGFR (that are indexed for BSA approximated to 
1.73 m2) can be an object of criticism; however, the CG 
equation adjusted by BSA has been also considered, even 
if it is rarely used in daily practice and not recommended 
by guidelines on NOACs management [1, 10, 11]. To allow 
more accurate comparisons, other authors [38] have “de-
normalized” the results of the equations to avoid over or 
underestimation in overweight or skinny patients; but in the 
daily practice this approach is not usually applied.

In consideration of the observational nature of our study, 
a direct measurement of GFR using clearance of inuline or 
of another marker was not available in our patient popula-
tion. We, therefore, followed usual practice, which consid-
ers that an estimation of GFR may be sufficient for clinical 
decision making [39].

Conclusions

NOACs management requires careful estimation of RF and 
the use of the Cockcroft–Gault equation has been tradition-
ally suggested. However, the known limitations of the CG 
equation in estimating RF as compared to evaluations of RF 
based on inulin clearance, and the indication from FDA that 
equations for estimating GFR can be an alternative to the 
Cockcroft–Gault equation for drug dosing, suggest the need 
to investigate the impact of equations for eGFR on clinical 
management of NOACs. We find in an observational study 
that when evaluating patients with AF for prescription and 
dosing of NOACs, adoption of the equations proposed for 
estimating GFR instead of the Cockcroft–Gault equation 
for estimating CrCl implies that in every 6–9 patients, the 
different classification of RF results in a substantially dif-
ferent management of NOACs in terms of drug dosing or 
even avoidance of prescription according to evidence-based 
recommendations.

Moreover, the most pronounced changes in RF classifi-
cation using equations for eGFR are detected in the elderly 
aged ≥ 75. In view of the vulnerability and frailty of most of 
these patients, further studies on NOACs dosing according 
to the equations available for eGFR evaluation should be 
promoted in this setting, as well as at the extremes of BMI.
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