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ABSTRACT

Atrial fibrillation (AF) is associated with an
increased risk of ischemic stroke or systemic
embolism compared with normal sinus rhythm.
These strokes may efficiently be prevented in
patients with risk factors using oral anticoagu-
lant therapy, with either vitamin K antagonists
(VKAs) or non-vitamin K antagonist oral anti-
coagulants (NOACs) (i.e., direct thrombin
inhibitors or direct factor Xa inhibitors). Owing
to their specific risk profiles, some AF popula-
tions may have increased risks of both throm-
boembolic and bleeding events. These AF
patients may be denied oral anticoagulants,
whilst evidence shows that the absolute benefits
of oral anticoagulants are greatest in patients at
highest risk. NOACs are an alternative to VKAs
to prevent stroke in patients with ‘‘non-valvular
AF’’, and NOACs may offer a greater net clinical
benefit compared with VKAs, particularly in
these high-risk patients. Physicians have to
learn how to use these drugs optimally in
specific settings. We review concrete clinical

scenarios for which practical answers are cur-
rently proposed for use of NOACs based on
available evidence for patients with kidney dis-
ease, elderly patients, women, patients with
diabetes, patients with low or high body weight,
and those with valve disease.
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INTRODUCTION

The management of atrial fibrillation (AF) has
recently changed with the availability of
non-vitamin K oral anticoagulants (NOACs),
which have provided an alternative to vitamin
K antagonists (VKAs) in preventing throm-
boembolic events [1]. It would be expected that
their prescription rate will increase during the
years to come if the possible additional cost is
accepted by health systems. However, some
characteristics or comorbidities commonly seen
in patients with AF may complicate their man-
agement or cause the prescriber to question the
best treatment option. This may particularly be
the case for patients with kidney disease, older
age, extremely high or low weight, or valvular
disease. We present a brief review of recom-
mendations based on the available published
data in these special populations.
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Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not involve any new studies of
human or animal subjects performed by any of
the authors.

PATIENTS WITH CHRONIC KIDNEY
DISEASE

Impairment of renal function increases the risk
of thromboembolic and hemorrhagic compli-
cations in patients with AF [2–5]. The
risk–benefit ratio of NOACs in patients with
chronic kidney disease may be better appreci-
ated considering that:
• NOACs are all partly eliminated by the

kidneys, causing a pharmacokinetic interac-
tion in the case of chronic kidney disease.

• It is recommended to estimate renal func-
tion for AF patients using the Cock-
croft–Gault formula used in clinical trials
evaluating NOACs.

• Current knowledge indicates that NOACs
should not be used in patients with dialysis
or creatinine clearance less than 30 mL/min.
Patients with moderate to severe chronic

kidney disease (creatinine clearance 30–89 mL/
min) have not been included in clinical trials
evaluating NOACs. However, post hoc analysis
of these studies suggests that the superiority of
NOACs over VKAs in reducing the risk of hem-
orrhagic complications is maintained even in
patients with an estimated glomerular filtration
rate of 30–50 mL/min [6–9]. The European
Society of Cardiology (ESC) and the European
Heart Rhythm Association (EHRA) recommend
the use of low doses of NOACs in these patients

(Table 1) [1, 7]. Some patients with a creatinine
clearance of 25–29 mL/min were included in
the ARISTOTLE study [10], and the license for
apixaban includes patients with a creatinine
clearance of 15–30 mL/min. Low-dose anti-Xa
NOACs are approved by the European Medici-
nes Agency (EMA) for patients with an esti-
mated clearance of 15–30 mL/min, but the ESC
does not recommend them in these patients [1].
Dabigatran 75 mg twice daily (BID) is approved
in the USA, but not in Europe, for patients with
an estimated clearance of 15–30 mL/min.

Once NOACs have been started, renal func-
tion monitoring is recommended at least
annually to adjust doses. The following moni-
toring algorithm can be used: creatinine clear-
ance/10 = number of months interval between
two estimates of renal function (e.g., if clear-
ance is 40 mL/min, renal function should be
monitored every 4 months).

Hereafter are listed the main points to be
remembered for daily practice concerning the
use of NOACs in patients with chronic kidney
disease and AF [7]:
• The superiority of NOACs over VKAs demon-

strated in clinical trials is also observed in
this population at higher risk of thromboem-
bolic and hemorrhagic complications.

• The use of lower doses is recommended for
patients with creatinine clearance 30–50 mL/
min, also taking into account the patient’s
age and weight for apixaban.

• The use of anti-Xa NOACs could be consid-
ered with great caution in patients with
creatinine clearance 15–30 mL/min.

• In the absence of evidence, all NOACs are
contraindicated in patients requiring dialysis
or with creatinine clearance less than 15 mL/
min.

Table 1 Use of NOACs in patients with AF and chronic kidney disease

Creatinine clearance (mL/min) Dabigatran Apixaban Edoxaban Rivaroxaban

C50 No adjustment No adjustment No adjustment No adjustment

C30 and\50 110 mg BID 2.5 mg BIDa 30 mg OD 15 mg OD

\30 Not recommended Not recommended Not recommended Not recommended

BID twice daily, OD once daily
a If age C80 years or weight B60 kg
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• Initial and subsequent monitoring of renal
function using the Cockroft–Gault formula
is recommended.

ELDERLY PATIENTS

All patients with AF aged over 75 years are eli-
gible for anticoagulant therapy, as their
thromboembolic risk is sufficiently high solely
on the basis of their age (CHA2DS2–VASc C2).
However, anticoagulant therapy is underused in
the elderly [11]. An assessment of bleeding risk,
using the HAS-BLED or HEMORR2HAGES
scores, is possible before prescribing anticoagu-
lant therapy. The latter may be more suitable in
elderly patients because it takes their risk of falls
into account [12], but it is infrequently used in
daily practice because it is more difficult to
memorize. However, preliminary results indi-
cate that the performance of HEMORR2HAGES
and HAS-BLED is similar in the elderly [13].
HAS-BLED also draws attention to modifiable
risk factors such as uncontrolled hypertension,
medication predisposing to bleeding, or labile
international normalized ratio (INR). Anti-
platelet agents, without anticoagulants, have no
advantage in the elderly, the benefit–risk profile
being less favorable than for anticoagulants
[14, 15].

The prescription of VKAs is associated with a
high risk of adverse drug events, given the nar-
row therapeutic margin and the numerous drug
and food interactions. VKAs are the leading
cause of emergency hospitalizations for adverse
events in the elderly [16]. Owing to their short
half-life and predictable pharmacokinetics,
which do not require biological monitoring
other than renal function, NOACs are possible
treatments in the elderly. Trials of NOACs in
patients with AF have shown that they reduce
the risk of intracranial hemorrhage, while being
at least as efficient as VKAs. No studies have
specifically analyzed the efficacy of NOACs in
elderly patients, but a meta-analysis by Ruff
et al. analyzed their efficacy and safety in more
than 29,000 patients over 75 years of age [17]. A
significant 22% decrease in thromboembolic
risk was observed with NOACs compared with
VKAs [relative risk, 0.78; 95% confidence

interval (CI) 0.68–0.88], without any change in
the risk of major or non-major clinically sig-
nificant bleeding (relative risk, 0.93; 95% CI
0.74–1.17). The lack of statistical interaction
with age in this analysis indicates that the
conclusions to be drawn from the benefits of
NOACs are similar for elderly subjects.

Chronic kidney disease, which is prevalent
in the AF population, remains an important
limitation for the prescription of NOACs in the
elderly. A glomerular filtration rate greater than
30 mL/min, estimated by the Cockcroft–Gault
formula, is a purely mathematical filter at the
time of prescription of NOACs in most nona-
genarians for current dosages. However, an
expert consensus document has indicated a
preference for anti-Xa NOACs instead of VKAs
for elderly patients with a glomerular filtration
rate 15–30 mL/min [18]. This is in line with the
marketing authorizations of rivaroxaban and
apixaban, but in contradiction with most cur-
rent recommendations of other scientific soci-
eties, e.g., the ESC suggests avoiding NOACs in
patients with creatinine clearance 15–30 mL/
min [1].

The notion of frailty in geriatric patients
(involuntary weight loss, slow walking, low
endurance, weakness/fatigue, reduced physical
activity) [19] seems relevant to identify an
excessive risk of using anticoagulation in some
elderly subjects and in the very elderly.
Pre-fragile states (one or two criteria among
those listed above) and fragile (three or more
criteria) may result in a better characterization
than an evaluation of the ‘‘physiological age’’
arbitrarily established by a non-geriatrician but
there is, so far, no trial of NOACs for these
patients with the highest rates of adverse
events.

FEMALE SEX

Female sex is an independent risk factor for
thrombotic risk in the CHA2DS2–VASc score,
but is not associated with the predicted hem-
orrhagic risk by the HAS-BLED score. A
meta-analysis concluded that there was no
increased hemorrhagic risk under anticoagulant
treatment for women with AF compared to men
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[20]. Another meta-analysis compared men and
women with AF treated with warfarin or NOACs
and concluded that the efficacy of NOACs was
superior to warfarin for the prevention of
thromboembolic events and also reduced the
risk of hemorrhagic complications [21]. These
results confirm those of post hoc analyses indi-
cating that the efficacy of NOACs in women is
similar to that observed in men, with a lower
risk of hemorrhagic complications [22–24].
These data therefore argue for a favorable ben-
efit–risk ratio of NOACs in women with AF.

DIABETIC PATIENTS

Diabetes is an independent risk factor for
ischemic stroke. The benefit–risk ratio of
NOACs in diabetic patients with AF appears to
be favorable, particularly for reducing the risk of
thromboembolic events. The meta-analysis by
Ruff et al., which included the four available
NOACs, showed no significant interaction
between diabetes and the benefit–risk ratio of
NOACs in patients with AF [17]. However,
contradictory data have been reported for
hemorrhagic risk in diabetic patients with AF
under NOAC therapy. In the ARISTOTLE study
evaluating apixaban versus warfarin, diabetes
was associated with a lower decrease of hemor-
rhagic complications with apixaban than in the
general study population [25]. In the ROCK-
ET-AF study comparing rivaroxaban and war-
farin, there was no significant interaction
between diabetes and the risk of hemorrhagic
complications [23]. The RE-LY study comparing
dabigatran and warfarin showed comparable
bleeding rates in patients with diabetes [26].
The analysis showed a significantly reduced rate
of intracranial hemorrhage in diabetic patients
receiving dabigatran 110 mg BID compared to
warfarin, but a non-significant reduction in
diabetic patients receiving dabigatran 150 mg
BID [26]. No interaction between diabetic status
and the benefits of NOACs was found for the
occurrence of ischemic stroke, major bleeding,
or intracranial bleeding in the meta-analysis by
Patti et al. [27]. The reduction in vascular death
rates with NOACs versus warfarin was signifi-
cant in patients with diabetes and was higher

than in non-diabetic patients (1.02% vs 0.27%),
although the interaction was not statistically
significant.

EXTREME WEIGHTS

Obese patients have a higher risk of developing
AF than non-obese patients, with a 4% increase
in the risk of AF per unit increase in body mass
index (BMI) [28, 29]. Hypertension, diabetes,
and sleep apnea syndrome are often associated
with overweight, all further increasing the risk
of AF. Weight loss, on the contrary, significantly
reduces the severity of AF symptoms [30].
Nutritional management also improves the
chance of maintaining sinus rhythm [30].
However, some data suggest a potential obesity
paradox in AF, whereby more obese patients
may have a lower risk of thromboembolism
than non-obese patients despite having a higher
risk of AF [31]. There is, to date, no need to
consider higher doses of NOACs for AF in obese
patients. Similarly, doubling doses of antiplate-
let agents for obese patients is not an option
after an acute coronary syndrome. However, it
has been suggested that NOACs should not be
used in patients with a BMI greater than 40 kg/
m2 or a weight greater than 120 kg because
there are limited clinical data available for
patients at the extreme of weight, and the
available pharmacokinetic and pharmacody-
namic evidence suggests that decreased drug
exposures, reduced peak concentrations, and
shorter half-lives occur with increasing weight,
which raises concerns about underdosing in the
population with extremely high weights [32].
On the other hand, significant obesity is also
linked to poor INR control and lower time in
the therapeutic range, and INR testing can be
difficult in obese patients as they often have
poor venous access.

Low weight, on the other hand, is a bleeding
risk factor that must be taken into account.
Each NOAC has specificities that need to be
known. A risk of NOAC overdosing exists if one
does not follow the prescription scheme of the
drugs as established for patients with AF in the
four major randomized trials. Thus, dosages of
apixaban and edoxaban should be adapted
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according to weight [7]. The recommended dose
of apixaban is decreased from 5 to 2.5 mg BID in
patients with AF and weight no greater than
60 kg if they have at least one of the following:
age at least 80 years or serum creatinine greater
than 133 lmol/L. For edoxaban, the recom-
mended dose for AF should be decreased from
60 to 30 mg once daily if the weight is less than
60 kg.

PATIENTS WITH VALVULAR HEART
DISEASE

One should keep in mind that trials comparing
VKAs and NOACs in AF were performed in
patients with so-called non-valvular AF,
although there were slight differences in exclu-
sion criteria related to valve disease in the AF
trials with the four NOACs. The difference
between ‘‘valvular’’ and ‘‘non-valvular’’ AF and
their respective definitions are still debated [33].
Currently, ‘‘valvular’’ AF would be defined as AF
in a patient with mitral stenosis or cardiac
mechanical valve prosthesis, and valvular AF
requires treatment with a VKA [7, 33].

Valvular diseases such asmitral regurgitation,
aortic stenosis, and aortic regurgitation are not
associated with a left atrial low flow and do not
seem to intrinsically increase the thromboem-
bolic risk associated with AF. Post hoc analyses
suggest that the benefit of NOACs in these
pathologies does not differ from that observed
for other patients with ‘‘non-valvular’’ AF
[34, 35]. Thus, the classification of ‘‘valvular’’ AF
shouldnotbe considered todefine the etiologyof
the arrhythmia, but to determine a different risk
of thromboembolic events and establish a speci-
fic antithrombotic treatment. Patients with
‘‘non-valvular’’ AF may have other types of
valvular disease. Thus, it should be emphasized
that the definition of ‘‘non-valvular’’ AF does not
exclude patients with valvular disease from the
possibility of treatment with NOACs [1, 7].

Concerning valvular prostheses, the throm-
bogenic process is likely to be different than in
other forms of AF when blood comes into con-
tact with the mechanical valve prosthesis. This
may explain the unfavorable results in the only
trial conducted to date with NOACs in patients

with mechanical prostheses (only a minority of
whom had AF) and where warfarin was more
effective and safer than dabigatran [36]. On the
other hand, AF in patients with a bioprosthesis
or valve repair seems to be associated with a
thromboembolic risk quite similar to that
expected for ‘‘non-valvular’’ AF [37, 38]. A
recent analysis of the small subgroup of patients
with bioprosthetic valves from the ENGAGE
AF-TIMI48 study suggests that edoxaban
appears to be a reasonable alternative to war-
farin in patients with AF and remote biopros-
thetic valve implantation [39]. The expert
opinion in the 2015 updated EHRA practical
guide on the use of NOACs and recent ESC
guidelines thus indicates that patients with
bioprostheses seen beyond the third month
after surgery are eligible for NOACs.

CONCLUSIONS

For patients with AF and a significant risk of
stroke, oral anticoagulation is highly effective at
preventing stroke. Oral direct inhibitors of fac-
tors IIa or Xa provide a major improvement for
the management of AF patients, since they are
easier to use than—and at least as effective as—
warfarin for stroke prevention with a more
favorable safety profile, especially concerning
intracranial bleeding. Safe use of these drugs
needs awareness of when to reduce the dose and
when the agents should not be used, such as in
patients with severe renal impairment and
those with mechanical prosthetic valves.
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