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Abstract: Non–vitamin K antagonist oral anticoagulants (NOACs)
are a widely prescribed treatment to prevent stroke in patients with
nonvalvular atrial fibrillation, and a therapy and preventative mea-
sure to prevent recurrences following venous thromboembolism.
Optimal use of NOACs requires a thorough knowledge of the
pharmacology of these drugs, as well as an understanding of patient
factors affecting their use. The 4 NOACs—dabigatran, apixaban,
edoxaban, and rivaroxaban are available in a range of doses suitable
for differing indications and with a variety of dose reduction criteria.
Identification of the correct dose is one of the key challenges in the
individualization of treatment. Elderly patients with atrial fibrillation
are at a greater risk of both ischemic and bleeding events than
younger patients. Consequently, it is essential to achieve balance in
anticoagulation strategies. Medication adherence to NOACs is
important for safe and effective treatment, particularly in elderly
populations. A growing body of evidence shows that once-daily
dosing improves adherence and persistence to therapy, without hav-
ing an impact on bleeding risk.
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INTRODUCTION
Non–vitamin K antagonist anticoagulants (NOACs)

have become established as alternative options to vitamin K
antagonists (VKA) to prevent stroke in individuals with
nonvalvular atrial fibrillation (AF), and the therapy for and to
prevent recurrences of venous thromboembolism (VTE).

Unlike warfarin, these drugs have preset doses and routine
monitoring of coagulation is not mandated. Four NOACs—
dabigatran, apixaban, edoxaban, and rivaroxaban—are now
licensed for use in AF after demonstrating good efficacy and
safety profiles in Phase III clinical trials.1–4 Although the
NOACs have revolutionized management of anticoagulation
because of their effectiveness and reduced toxicity, the
reduced monitoring is partly a result of the lack of sensitive
monitoring and testing that is available. The NOACs have
differences in pharmacokinetics and more importantly they
differ in dosing regimen, which may vary depending on the
indication for the same drug. For example, rivaroxaban is
given once daily as stroke prophylaxis, twice daily in the
acute treatment of VTE, and then once daily to provide sec-
ondary prevention of VTE.5 Dabigatran and apixaban are
always given twice daily,6–9 whereas edoxaban is always
given once daily.10,11

The prevalence of AF is likely to rise substantially in
future because of the age increase in the population, and
physicians will face greater challenges in treating AF in elderly
patients.12 Elderly patients (defined as those aged $75 years,
except where stated) with AF are at greater risk of ischemic and
bleeding events than are younger patients. Therefore, safe anti-
coagulation is a more difficult balancing act in ageing patients
than in younger individuals.13 Even though NOACs have more
acceptable safety profiles than warfarin, elderly patients fre-
quently do not receive this treatment because of the possibility
of bleeding event or lack of patient adherence.14 This article
aims to examine the evidence base for the use of NOACs, the
issues related to adherence with NOACs and once- versus
twice-daily dosing regimens in elderly populations, mainly
with AF. A summary of the issues affecting the reduction of
ischemic or thromboembolic event risk in elderly patients with
AF that are discussed in this article is shown in Figure 1.

Pharmacokinetics and Dosage Regimens of
Non-VKA Anticoagulants

The NOACs all have fairly short elimination half-lives
of around 12 hours (Table 1).7,10,15–17 The half-lives vary
with age and renal functioning. Increased age and reduced
renal function are associated with elevation in plasma con-
centrations, a prolonged half-life and increasing patient expo-
sure to the anticoagulant effects of the drug. Dabigatran has a
high proportion of renal elimination (80%) and therefore its
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half-life is strongly affected by renal function; in fact, the
half-life of dabigatran has been reported to lengthen from
12 to 17 hours in healthy subjects to 13–23 hours in patients
with a moderate level of renal impairment (CrCl 30–50 mL/
min) and even further, up to 22–35 hours, in subjects with a
severe level of renal impairment (CrCl ,30 mL/min).18 Anti-
Xa molecules have lower renal elimination and their half-life
or area under the curve are less influenced by a decrease of
renal function. Notably, the area under the curve in patients
with CrCl 15–30 mL/min versus healthy subjects is increased
by 530% with dabigatran, by 72% with edoxaban, 64% with
rivaroxaban, and 44% with apixaban.19

For the NOACs, peak-to-trough ratios are for dabiga-
tran: ;4.5,20 rivaroxaban: ;10,21 apixaban: ;10,22 and
edoxaban: ;10–30.23 It has been suggested that peak-to-
trough ratios should be maintained at the lowest achievable

level to enable an optimal risk–benefit ratio in preventing
thromboembolic and bleeding events over a 24-hour period.24

However, recent evidence suggests that we need to change
our view of the pathophysiology of bleeding in the setting of
NOACs.25 A Phase II study of edoxaban involving a corre-
lation analysis of pharmacokinetic parameters associated with
the incidence of bleeding found that bleeding rates correlated
most closely with steady-state trough levels rather than peak
levels.26 It has also been hypothesized that bleeding rates may
be related to the length of time when drug plasma levels are
above a particular threshold, and these may not be sufficient
duration for blood vessels to recover from micro-injuries.
This time will be greater for a twice-daily dosing than for
the same total dose administered once daily.27 However, these
remain hypotheses only and larger studies are needed to draw
firm conclusions.

FIGURE 1. A summary of the issues affecting the reduction of ischemic or thromboembolic event risk in elderly patients with AF.

TABLE 1. Pharmacokinetic Characteristics of the Non-VKA Oral Anticoagulants Used to Treat Atrial Fibrillation and Standard
Recommended Dosing Regimens

Warfarin Dabigatran Apixaban Rivaroxaban Edoxaban

Time to Cmax inhibition 2–4 d 0.5–2 h 1–4 h 1–4 h 1–2 h

Elimination half-life in healthy
individuals

40 h 12–17 h 12 h 5–9 h (young)

11–13 h (elderly)

10–14 h

Dosing* Variable to maintain INR 2–3 150/110 mg twice daily 5 mg twice daily 20 mg once daily 60 mg once daily

Theoretical plasma
peak / trough level*

— 2 h / 12 h 1–4 h /12 h 2–4 h / 24 h 1–2 h / 24 h

*For the prevention of AF-related thromboembolism, dabigatran is available as 75 mg (in the United States), 110 and 150 mg doses; apixaban is available as 2.5 and 5 mg doses;
rivaroxaban is available as 15 and 20 mg doses; edoxaban is available as 30 and 60 mg doses. The lower doses allow for factors including renal impairment, low weight, older age, and

limiting interactions with concomitant drugs.
6,7,10,15,16,29–32

†This is theoretical and only true if dosing is precisely followed. Plasma concentrations have shown large variations between the 10th and 90th percentile at both peak and trough.

INR, international normalized ratio. Sources:
6,7,10,15,16,20–23
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The twice-daily dosing regimen with dabigatran was
based on pharmacokinetic simulations showing that it mini-
mized daily fluctuations in dabigatran plasma concentrations
and maintained trough concentrations at levels that could
prevent the emergence of thrombi, but also minimize the
bleeding risk.20 The dosage of apixaban for prevention of
VTE was based on a dose-finding study conducted in patients
undergoing major orthopedic surgery and receiving apixaban
for VTE prevention.9 Of importance, there were significant
dose-related increases in the total adjudicated bleeding event
incidence that were reported in patients receiving the once-
daily (P = 0.01) and twice-daily (P = 0.02) apixaban, but no
difference was observed between the 2 regimens. The twice-
daily dose was selected because of a generally improved
efficacy with this regimen. Similar rates of major bleeding
were observed for twice- and once-daily apixaban arms at
comparable total daily doses.9 In the Phase II program for
rivaroxaban, it was observed that the pharmacodynamic
effects of rivaroxaban were of greater duration than would
be expected from the elimination half-life. This led to the
recommendation of once-daily dosing.5 A Phase II study
showed lower incidence of bleeding complications with edox-
aban given once a day compared with the same daily dose
given twice a day. This better safety profile of once-a-day
edoxaban regimen has been correlated with lower minimum
steady-state plasma concentrations (Cmin) compared with the
twice-a-day regimen.26 It should be noted that unique NOAC
dosages are selectively approved in some regions and addi-
tional NOAC doses to those given in Table 1 are approved in
other countries. In particular, the dose for rivaroxaban in
Japan is unique (ie, 15 mg once daily, rather than 20 mg),
based on pharmacokinetic data,28 whereas in South-East Asia,
most physicians follow the dose recommendation for Japan,
because of similar ethnic characteristics, such as low body
weight. Moreover, the 75 mg dabigatran dosage is also
licensed for use in the United States; this lower dose enables
clinicians to address situations, including impaired renal func-
tion, low weight, frailty, or age .80 years.7,10,15,16,29–32

Antithrombotic Needs of Elderly Patients
The efficacy of any drug is affected by multiple factors,

in particular patient criteria and pharmacokinetic and phar-
macodynamic properties. Anticoagulant use is needed in
elderly patients for both preventing stroke in AF and VTE
treatment. The incidence of stroke increases with age and
higher percentages of the causes of stroke are attributable to
AF in elderly patients. In fact, age is one of the important
factors for thromboembolism risk determination in the
CHA2DS2-VASc score.33 Patient age is also a substantial risk
factor for both the development of VTE and the prevention of
recurrent events.34 The management of anticoagulant therapy
is further complicated by older age being a risk factor for
bleeding. Elderly patients are at risk of falls and often have
a lower body mass index than younger individuals. In addi-
tion, they also have an altered muscle and fatty tissue com-
position. Furthermore, renal function declines with age and
elderly people are more likely to have a range of comorbid-
ities necessitating multiple concomitant medications incurring
the risk of drug–drug interactions (DDIs).14 Weight,

fluctuations in renal function, and comorbidities may neces-
sitate more individualized dosing strategies with NOACs in
elderly patients (Table 2).35

Although the risks of NOAC use in the elderly should
not be underestimated, the age-related increase of thromboem-
bolic events in AF patients while not receiving oral anticoag-
ulant therapy outweighs the bleeding risk related to oral
anticoagulant therapy.36 Thus, the overall benefit of oral anti-
coagulant therapy in AF increases with age and has been
shown to be even greater in patients at age 90 years or older.37

In the Birmingham Atrial Fibrillation Treatment of the Aged
Study, which recruited at total of 973 patients with AF aged 75
years or older (mean age 81.5 years), warfarin showed twice
the efficacy of aspirin in reducing the composite primary end-
point, which was derived from fatal or disabling stroke (ische-
mic or hemorrhagic), intracranial hemorrhage, or clinically
significant arterial embolism; in particular, warfarin compared
with aspirin reduced the risk of ischemic stroke, without con-
cerns related to an increase in major bleeding.38,39

Anticoagulants are underused in elderly populations in
routine clinical practice. The penetration of VKAs use in the
elderly population with AF is low, because of the bleeding
risk, comorbidities, and concerns about adherence, interna-
tional normalized ratio control and DDIs of these agents.14

Despite the generally more acceptable safety profiles of
NOACs compared with warfarin, elderly patients continue
to be insufficiently treated. In fact, in older populations,
NOACs that remain under-prescribed, because of bleeding
concerns,14 are associated with inadequate adherence or are
given at inappropriately reduced dosages.40 Other factors to
take note of when treating elderly patients receiving NOACs
include cognitive impairment, health literacy, risk of falling,
adverse effects, risks of gastrointestinal bleeding, low body
weight, dehydration, renal function deterioration, malnutri-
tion, hypoalbuminemia, involvement of caregivers, and
patient–physician relationship.14

Evidence Supporting the Administration of
Non-VKA Anticoagulants in Elderly
Populations

There are substantial data from clinical trials supporting
the treatment of elderly patients with NOACs. Among these,
the Randomized Evaluation of Long-Term Anticoagulant
Therapy trial showed that in patients with AF who were
aged $75 years, a lower dabigatran dose (110 mg twice
daily) was associated with major bleeding rates that were
similar to warfarin. A higher dose (150 mg twice daily),
however, resulted in a higher risk of major bleeding. This
prompted the recommendation to use only lower dabigatran
dose (110 mg twice daily) in patients older than 80 years.41,42

Further support of NOACs comes from the Apixaban
for the Prevention of Stroke in Subjects with Atrial
Fibrillation (ARISTOTLE) study. This included a patient
population comprising 39% who were aged 65–74 years, 18%
75–79 years, and 13 $80 years. In this study, apixaban treat-
ment resulted in decreased major bleeding, total bleeding, and
intracranial hemorrhage than the comparator treatment, war-
farin, regardless of age.43
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The Rivaroxaban Once Daily Oral Direct Factor Xa
Inhibitor Compared with Vitamin K Antagonism for
Prevention of Stroke and Embolism Trial in Atrial
Fibrillation (ROCKET-AF) study included a prespecified
analysis comparing different age groups. This showed that
elderly patients had greater stroke and major bleeding rates
than younger patients, but there was no age difference
between age groups in the efficacy and safety of rivaroxaban
relative to warfarin.44 In the rivaroxaban group, patients who
were older had higher rates of major or clinically relevant
nonmajor bleeding (the combined end point, P = 0.009).
This difference was entirely because of extracranial bleed-
ing, predominantly GI bleeding. A further analysis of net
clinical benefit derived from avoidance of ischemic stroke,
severe (life-threatening) bleeding, including intracranial
hemorrhage, and all-cause mortality revealed a larger benefit
from rivaroxaban versus warfarin in elderly than in younger
recipients.

The Effective aNticoaGulation with factor Xa next
GEneration in Atrial Fibrillation-Thrombolysis In Myocardial
Infarction study 48 (ENGAGE AF-TIMI 48) trial also
included a planned analysis that supported NOAC use in
the elderly. This showed that age has a greater influence on
major bleeding than thromboembolic risk in patients with AF.
Edoxaban produced consistently lower major bleeding,
intracranial hemorrhage, and fatal bleeding events regardless
of age and also conferred a greater absolute reduction in net
clinical outcomes (death, stroke, and major bleeding) com-
pared with warfarin.45

Pooled analyses of clinical studies have also added to
the data in support of NOAC use in elderly patients. A meta-
analysis of efficacy and safety findings using NOACs in
elderly patients with AF, included data from 10 randomized
clinical trials with a total of 25,031 participants.46 This found

that in elderly participants of clinical trials, NOAC adminis-
tration did not result in excess bleeding and produced equal or
higher efficacy than conventional therapy. Another analysis
of studies involving elderly patients with both VTE and AF,
showed that in patients with AF, treatment with NOACs sig-
nificantly reduced the risk of stroke and embolism, and
decreased the number of recurrent VTE events or VTE-
related deaths in participants with VTE.47 More recently, a
systematic review and meta-analysis of studies of patients
with AF concluded that NOACs significantly reduce the risk
of stroke and systemic embolism in elderly patients without
increasing major bleeding events. The extent of stroke risk
reduction was significantly greater in the elderly than in youn-
ger adults.48

Clinical trial data, however, have limitations. It should
be noted that only 20% of patients aged over 75 years were
recruited to the populations in randomized controlled trials of
NOACs in AF, because of their high risk of falling and of
bleeding, particularly intracranial hemorrhage.49 In addition,
elderly patients who participate in clinical trials are mostly
quite healthy and are more likely to adhere to medication
regimens. By contrast, discontinuation of and nonadherence
to NOACs in older populations are more commonly seen in
studies of routine clinical practice. This is despite adherence
to NOACs being higher than to VKAs, and nonadherence to
oral anticoagulant therapy is associated with worse outcomes,
including a higher risk of stroke and bleeding.50,51 Hence, the
real-world data with NOACs in elderly populations are clin-
ically relevant.

Fewer real-world studies have focused on older
patients, but findings to date support the use of NOACs
(Table 3). In a retrospective investigation, Avgil-Tsadoc et al
concluded that dabigatran resulted in decreased rates of intra-
cranial hemorrhage but increased rates of gastrointestinal

TABLE 2. Recommended Dose Adjustments for Non-VKA Oral Anticoagulants According to Age, Renal Function, and Weight

Drug Age Renal Function Weight

Dabigatran ,75 yrs: 150 mg

75–80 yrs: 150 mg (110 mg should
be considered when the risk of stroke
is low and the bleeding risk is high).

.80 yrs: 110 mg

CrCl 30–50 mL/min: recommended
dose is 150 mg (110 mg for patients

with high risk of bleeding).

CrCl ,30 mL/min: Contraindicated.

No dose adjustment necessary.
However, close clinical follow-up is

required for patients with body
weight ,50 kg.

Rivaroxaban No dose adjustment necessary CrCl 15–49 mL/min: 15 mg

CrCl ,15 mL/min: not
recommended.

No dose adjustment necessary

Apixaban Recommended dose: 5 mg

2.5 mg twice daily in case of at least 2
of the following characteristics: age
$80 yrs, body weight #60 kg, or
serum creatinine $1.5 mg/dL

No dose adjustment is required based
on age, unless criteria for dose

reduction are met.

Recommended dose: 5 mg twice
daily

No dose adjustment is necessary in
patients with mild or moderate renal
impairment, unless criteria for dose

reduction are met.

CrCl 15–29 mL/min: 2.5 mg

CrCl ,15 mL/min or dialysis: not
recommended.

No dose adjustment unless criteria for
dose reduction are met.

Edoxaban* No dose adjustment CrCl 15–49 mL/min: 30 mg

CrCl,15 mL/min: not recommended

Body weight .60 kg: 60 mg

Body weight #60 kg: 30 mg

*In patients concomitantly taking edoxaban and the following P-gp inhibitors: ciclosporin, dronedarone, erythromycin, or ketoconazole, the recommended dose is 30 mg once

daily. CrCl, creatine clearance. Sources:
7,10,15,16
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bleeding in elderly patients versus warfarin. In this study,
almost all elderly patients used the lower dose (80.1%), but
younger patients mostly received the higher dose (80.0%).52

In another retrospective study, Bando et al53 showed that
rivaroxaban has good efficacy and safety profiles when used
in more elderly (aged $80 years) patients. Fazio et al54 have
also demonstrated the benefits of edoxaban in routine clinical
practice in elderly patients with severe renal impairment. The
real-world performance of edoxaban was assessed in a study
of 130 elderly patients with AF.55 Compared with VKA ther-
apy, patients treated with edoxaban were found to have a
numerically lower incidence of thromboembolism (2.3% vs.
1.5%, respectively), major bleeding events (3.1% vs. 1.5%),
and therapy discontinuation (4.6% vs. 2.3%), with a trend
toward improved adherence (78% vs. 81%).

Real-world, prospective data from comparisons of
NOACs with VKAs in elderly patients with AF have also
been recently published: data from a population of 3825 elderly
patients included in the PREFER in AF and PREFER in AF
PROLONGATION registries were pooled for analysis.36 The
incidence of the composite endpoint that was derived from
major bleeding and ischemic cardiovascular events, was
6.6%/year with NOACs versus 9.1%/year with VKAs [OR
0.71, 95% confidence interval (CI) (0.51–0.99), P = 0.042].
Two other recent studies have concluded that NOAC use is
safe and effective in elderly populations; in both studies the
mean age of participants was older than 80 years.56,57

The outcome with NOACs versus VKAs in AF was
compared in a database of octogenarians (279 with NOACs, 774
with VKAs).58 Overall, the study found no difference in

TABLE 3. Overview of Key Studies Investigating the Efficacy and Safety of Non-VKA Oral Anticoagulants in Elderly Patients

Reference Study Type
Clinical
Setting Age Intervention Major Findings

Avgli-Tsadok
et al45

Retrospective study, n =
15,918

AF 67.3% of patients were
aged $75 yrs

Dabigatran vs. warfarin Dabigatran was associated
with lower rates of ICH (HR
0.60) and higher rates of
gastrointestinal bleeding
(HR 1.30) compared with

warfarin.

Bando et al,
201846

Retrospective registry
study, n = 453

AF $80 yrs Rivaroxaban TE incidence 0.94%/person
year; ICH 0.89%/person

year

Chao et al,
201931

Retrospective, database
study, n = 25,722

AF $90 yrs NOACs vs. warfarin Compared with warfarin,
NOACs had a lower risk of
ICH (0.42%/year vs. 1.63%/
year; HR 0.32, P = 0.044),
with no difference in risk of

ischemic stroke.

Fazio et al,
201847

Retrospective study, n = 46 AF 84.6 6 6.1 yrs, with
concomitant severe renal

impairment

Edoxaban At an average follow-up of
9.13 6 3.0 months, there
were no major bleeding,

stroke, systemic embolism,
or CV death: 1 non-CV
death and 5 nonmajor

bleeding events.

Monelli et al,
201949

Prospective, observational
study, n = 221

AF 81.6 6 6.1 yrs All NOACs Major bleeding incidence
4.4%, nonmajor bleeding
5.7%; cerebral ischemic
events incidence 0.88%)

Kim et al,
201948

Retrospective study, n =
687

AF 83.4 6 3.2 yrs NOACs (dabigatran,
rivaroxaban or apixaban)

vs. warfarin

Patients with NOAC
showed a lower risk of TE
(1.84 vs. 2.71 per 100

person-years, HR 0.13, P =
0.002), major bleeding
(1.48 vs. 2.72 per 100

person-years, HR 0.11, P =
0.001), and all-cause death
(2.57 vs. 3.50 per 100

person-years, HR 0.30, P =
0.020).

Patti et al,
201930

Retrospective analysis on
data from prospective
registries, n = 3825

AF $75 yrs NOACs vs. VKAs Rate of the net composite
endpoint, including major
bleeding and ischaemic CV
events, was 6.6%/year with
NOACs vs. 9.1%/year with
VKAs (OR 0.71, P = 0.042)

CV, cardiovascular; ICH, intracranial bleeding; TE, thromboembolic events.
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thromboembolic and major bleeding events, but a significantly
lower all-cause mortality and a net clinical benefit were observed
in the NOACs group. Furthermore, NOACs were compared
with VKAs in an observational investigation of 71 octogenarians
with low body weight (#60 kg), where all-cause death was
14.91/100 versus 37.94/100 person/years, respectively (P =
0.003), without significant difference in major bleeding events.59

These findings support the safety of NOACs versus VKAs in
octogenarians, but further evidence is welcome.

A substantial advantage of NOACs is their rapid offset;
however, there has been concern among physicians regarding the
use of these drugs in older patients because of the potential for
fatal outcomes after low-level falls and the lack of reversal agents
(in the case of anti-Xa agents). However, recent studies found
that patients taking NOACS who experienced traumatic brain
injury after low-level falls did not have increased morbidity or
mortality compared with those treated with warfarin or who were
not treated with anticoagulants.60 One study on head trauma in
elderly patients (.65 years of age, n = 1365) found a lower
incidence of intracranial hemorrhage with NOACs than warfa-
rin.61 The risk of falls may be reduced by appropriate strategies,
in particular with a multidisciplinary assessment of the risk, the
treatment of remediable pathologies and the prescription of pre-
ventive interventions such as exercise programs; home environ-
mental assessment, etc. A Markov decision analytic model
showed that a patient receiving VKAs would need to fall 295
times for the risk of a subdural hematoma to exceed the benefits
derived from anticoagulation.62 Because of the reduced bleeding
risk, the number of falls would be even higher during treatment
with NOACs compared with VKAs. Therefore, propensity to fall
should not be a discriminatory factor in the decision of optimal
antithrombotic strategy in elderly patients with AF.

The incidence of DDIs is a possible drawback of NOAC
use in older populations because most elderly people are taking
multiple medications. The assumption is that concomitant
drugs may modify NOACs plasmatic concentrations through
the inhibition or induction of the P-glycoprotein (P-gp)
pathway or the CYP3A4 metabolism. P-gp is responsible for
the gastrointestinal re-secretion of all NOACs, and CYP3A4 is
significantly involved in the metabolism of apixaban and
rivaroxaban. NOACs should not be used or should be used
with caution in combination with drugs that strongly influence
P-gp and/or CYP3A4.17 A recent literature review concluded
that there is a scarcity of clinical data on this topic. Most DDIs
have been reported for dabigatran, but this may reflect the fact
that dabigatran has been in use for longer than the other
NOACs.63 Possible DDIs, in combination with other clinical
risk factors that are likely to affect NOAC plasma levels, are
important aspects in the choice of a particular NOAC for each
individual patient.64

Use of Non-VKA Anticoagulants in Elderly
Patients With Atrial Fibrillation Undergoing
Invasive Cardiac Procedures or With Special
Conditions

The NOACs have shown benefits for elderly AF
populations undergoing invasive cardiac procedures or with
various specific conditions, which are factors affecting

ischemic and bleeding risks. One example is in patients
receiving percutaneous coronary intervention (PCI). In one
study, PCI patients (n = 289) aged $75 years and on triple
therapy (TT, oral anticoagulation plus dual antiplatelet ther-
apy: aspirin plus clopidogrel) had a lower rate of thrombo-
embolism than those receiving dual antiplatelet therapy
(DAPT; 0.6% vs. 6.9%, HR = 0.08, P = 0.004).65 Overall
mortality was also lower with TT than DAPT (HR = 0.33, P =
0.02). A further investigation of elderly PCI patients with AF
(n = 2725) found that the risk of bleeding was reduced in
patients who received dual therapy with dabigatran and a
P2Y12 inhibitor (15.4%) than in those treated with TT with
warfarin, a P2Y12 inhibitor and aspirin (26.9%, P , 0.001).66

The incidence of thromboembolism and serious adverse
events was similar in both treatments. Another large study
(n = 2124) demonstrated that in patients with AF undergoing
PCI with stent placement, a treatment with low-dose (15 mg)
rivaroxaban in combination with a P2Y12 inhibitor or very-
low-dose (2.5 mg BID) rivaroxaban plus DAPT was associ-
ated with less bleeding than a standard therapy with warfarin
and DAPT for up to 12 months; this was consistent in the
subgroup of elderly patients.67

For patients receiving catheter ablation of AF or
implantation of cardiac electronic devices, the Chest
Guideline and Expert Panel Report suggests performing the
procedure during continued VKA or NOAC treatment,
although the evidence supporting this is, as yet, weak.68

A high proportion of elderly patients can be described
as frail—a geriatric syndrome that is caused by subclinical
impairments in multiple organ systems leading to loss of
homeostatic reserve and resiliency.69,70 A registry study
found that among elderly patients with AF, those who were
frail were less likely to receive NOAC treatment than those
who were not frail (3.5% vs. 6.0%).71 It is likely that this was
because of a perceived higher bleeding risk among frail
patients, but the use of NOACs in this setting needs further
investigation and more robust data.69

A further common issue in the elderly is an impaired
renal function. This is a concern, because some NOACs are
cleared via the renal route (approximately 80% in the case of
dabigatran).72 The Randomized Evaluation of Long-Term
Anticoagulant Therapy study, discussed above, showed that
the rates of stroke or systemic embolism increased with
decreasing renal function.73 However, the efficacy of 2 dif-
ferent dose levels of dabigatran, was unaffected by renal
function. This and other evidence indicate that NOACs may
be beneficial in older patients with some degree of renal
impairment; it is especially true with the use of anti-Xa inhib-
itors, having a lower percentage of renal elimination, but they
require a dose-adjustment according to renal function. In
addition, there is mounting evidence that NOACs can also
be effectively and safely used in combination with different
antiplatelet drugs and even with thrombolytic agents.74,75

Inappropriate Drug Reduction, Adherence,
and Persistence to Dosing Regimen

Inappropriate dosing is common in elderly patients
taking NOACs and clinical follow-up often falls short of
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recommended standards.76–78 In a retrospective study of 1234
AF patients aged $65 years, inappropriate dosing was re-
ported in 11.8% of cases. In addition, concomitant use of
contraindicated drugs was reported in 19.1% of patients.78

An inappropriate dosing reduction is associated with subop-
timal prevention from stroke and other thromboembolic
events. In a recent Korean study, over a third of patients
who were prescribed NOACs actually received an off-label
decreased dose. Compared with those receiving an on-label
standard regimen, these patients were likely to be older ($75
years), women with lower body weights (#60 kg), to have
renal dysfunction (creatinine clearance #50 mL/min), previ-
ous stroke, previous bleeding, hypertension, concomitant dro-
nedarone use, and antiplatelet use.79 Apixaban is the NOAC
that is most frequently prescribed at inappropriate reduced
dosages, probably because of bleeding concerns when one
criterion for dose reduction is present.

Adherence, which is preferred over the older term
compliance, and persistence are critical factors in the long-
term efficacy of NOAC treatment.80 Adherence is defined as
active and voluntary involvement of the patient, in collabo-
ration with a health care provider, in a course of behavior
(taking medication, following a diet, and/or executing life-
style changes) to produce a therapeutic result.81,82

Persistence refers to duration of time from initiation to dis-
continuation of a therapy.81 Optimal adherence and persis-
tence are needed for patients to derive the maximal benefit
from effective evidence-based therapies.81,82

Poor adherence to warfarin has been reported, and this
has a significant effect on anticoagulation control.83

Suboptimal adherence would also severely diminish the treat-
ment benefits of NOACs.84 Adequate adherence to NOAC
therapy is associated with beneficial effects on stroke severity
at admission and functional outcome at discharge in patients
with AF.85 In elderly patients with AF, there are likely to be
multiple other ongoing conditions that impair compliance and
adherence to anticoagulant treatment. In a US registry study
(n = 24,596), however, persistence with apixaban and dabi-
gatran (the only NOACs for which data were available) was
better than for warfarin in elderly populations. Persistence
was significantly better for patients given rivaroxaban com-
pared with patients given warfarin, at 180 days (66.0 vs.
58.1%; P , 0.001) and at 360 days (53.1 vs. 25.5%; P ,
0.001) after treatment was started. Dabigatran resulted in
greater persistence than VKA at 180 days (60.3% vs.
58.1%) but this difference was not significant. After 360 days,
however, the difference was significant (P , 0.001).50 Prior
bleeding and risk of fall have been associated with lower
adherence to NOACs,50 and polytherapy, cognitive impair-
ment, and low socio-economic status. Patients receiving
NOACs should always be informed of the importance of
adhering to the planned dosing regimen.19

A recent investigation compared the risk of treatment
discontinuation of individual NOACs versus phenprocoumon
in Germany. In the confounder-adjusted analysis, the risk of
treatment discontinuation was higher for phenprocoumon
compared with rivaroxaban [HR 1.04, 95% CI (1.02–1.07)],
similar for apixaban [HR 1.00, 95% CI (0.96–1.03)] and
lower for edoxaban [HR 0.81, 95% CI (0.76–0.86)]. In

patients with renal disease, the risk was lower for rivaroxaban
[HR 0.82, 95% CI (0.78–0.87)], apixaban [HR 0.77, 95% CI
(0.73–0.82)], and edoxaban [HR 0.61, 95% CI (0.53–0.70)].
In frail, elderly, and diabetes patients, strong risk reductions
for discontinuation of NOACs were also observed relative to
phenprocoumon.86 It must be emphasized, however, that
when interpreting these data, the variability in patient groups,
risk level, methods for adherence assessment, and indicators
of medication use should be considered.

The dosing frequency of medications is an important
determinant of adherence. The percentage of doses taken is
generally higher with less frequent dosing regimens and
simple dosing schedules are generally advantageous, and
because long-term outcomes may be affected by adherence,
once-daily dosing theoretically could improve stroke pre-
vention rates in patients with AF.84 A Canadian survey inves-
tigated patient (n = 266) and physician (n = 178) preferences
and values related to the use of OACs in stroke prevention (no
edoxaban data as the latter had not been approved in Canada
at the time), in patients who were prescribed once-daily med-
ications (rivaroxaban or warfarin). This showed better com-
pliance with their once-daily OAC therapy and patients were
less likely to consider discontinuing OAC therapy. Notably,
6% and 14% of the patients receiving rivaroxaban or warfa-
rin, took their OAC as twice-daily doses instead of once daily.
In addition, 27% and 30% of patients who received dabiga-
tran and apixaban, respectively, took their OAC once daily
instead of the recommended twice-daily regimen (P ,
0.001).87 In this study, a marked difference was shown in
patient preference between patient and physician; patients
rated once-daily dosing as significantly more important than
did physicians (P , 0.001).87 Another study conducted in
France, Germany, and the United Kingdom, examined AF
patient preference for different characteristic NOACs.88

This concluded that the characteristic patients mainly pre-
ferred was a once-daily regimen followed by a shorter dis-
tance to travel to their treating physician, a small-sized tablet
and intake that was independent of food. Furthermore, in a
multicenter study of 2214 patients with AF (median age 71
years), once-daily NOAC dosing resulted in greater adher-
ence to treatment, which was not associated with bleeding
events. The authors suggested that other risk factors may
independently affect nonadherence, and the combined action
of these factors is necessary for the development of bleeding
complications.89

To date, the only specific study of adherence to NOACs
in elderly patients with nonvalvular AF (here defined as aged
65 or older), involved 103 patients. Of these, 76 showed
adequate adherence to anticoagulant therapy, whereas in the
remaining 27, the adherence was inadequate. Twice-daily
administration was almost 3 times as likely to be associated
with inappropriate adherence [OR 2.88; P = 0.048, 95% CI
(1.003–8.286)].90 In a study that recruited patients with VTE,
those receiving once-daily dosing regimens (n = 4867) were
39%–61% more likely to adhere to treatment than patients
receiving twice-daily dosing (n = 1069).91

However, data from therapeutic approaches with pro-
tease inhibitors in HIV-infected patients hypothesized that a
twice-daily dosing warrants more stable drug plasma levels
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compared with once-daily dosing for agents with half-life of
12 hours; this can be associated with a greater degree of
continuity of drug effect and better therapeutic coverage,
despite higher rates of prescribed doses being taken with the
once-daily regimen.92 However, whether these pharmacoki-
netic observations derived from different settings of patients,
different drugs with different modalities of action can be
extrapolated to the use of NOACs in patients with AF is
unknown and here a more specific evidence is needed.
Notably, regarding NOACs with once-daily regimen, there
is evidence that an older age per se does not have an impact
on the drug levels, but these levels are essentially affected
only by impairment of renal function for rivaroxaban and by
concomitant drugs, low body weight, or impairment of renal
function for edoxaban.

Impact of a Missed Dose Between Once- and
Twice-Daily Non-VKA Antagonist
Anticoagulants

The effects of fluctuating doses of NOACs are currently
unknown and, until this aspect is better understood, it is
important that patients take drugs in accordance with pre-
scribed regimens. The recommendations for dealing with
dosing errors may also potentially lead to overdosing.
According to the 2018 European Heart Rhythm Association
Practical Guide, a forgotten dose can be taken until 50% of
the dosing interval has passed.17 This means that for NOACs
with a twice-daily dosing regimen, a forgotten dose can be
taken up to 6 hours after the scheduled intake. For patients
with a high stroke risk and low bleeding risk, this can be
extended up until the time of the next scheduled dose.

For NOACs with a once-daily dosing regimen, a
forgotten dose can be taken up until 12 hours after the
scheduled intake. After this, the dose should be skipped and
the next scheduled dose should be taken. Again, the 12-hour
interval may be extended in patients with a high stroke risk.17

A recent study compared the pharmacokinetics and anticoagu-
lation effects of apixaban and rivaroxaban. Although overall
exposure to the 2 drugs was similar, rivaroxaban 20 mg once
daily produced inhibition of thrombin generation that was
greater and longer sustained than apixaban 5 mg twice daily.93

Missed doses of NOACs are concerning because
patients may have a greater risk of stroke if one or more
doses are not received.20 The impact of missing a dose has a
differing effect on NOAC blood concentration depending on
once- or twice-daily administration.19,94 Modelling data
hypothesized that there is a potentially larger decrease in
anticoagulant effect when one pill was omitted from a once-
daily dosing regimen than when one or even 2 pills were
omitted from a twice-daily regimen. This suggests that a
missed dose in a once-daily regimen may be more serious,
in lower effectiveness, than in a twice-daily regimen.92,95

However, this hypothesis was based purely on pharmacody-
namic considerations. In an observational study, twice-daily
dosing was not found to be more forgiving than once daily
when doses were missed.96 Furthermore, because decreasing
daily dosage may increase the adherence to the treatment,
patients receiving a once-daily drug can have better adherence

and are less likely to miss a dose compared with twice-daily
dosing.87

Anticoagulation in Palliative Care
There are no guidelines designed specifically for the use

of NOACs in palliative care or elderly care home settings.
However, the ease of use of NOACs facilitates the ambula-
tory care.97 VTE is the second most frequent cause of death in
people with cancer, and it is recommended that all cancer
patients admitted to hospital should be evaluated to receive
anticoagulant therapy.98 Patients with advanced cancer in
hospice care are at high risk of VTE, usually because of older
age, advanced or metastatic disease, and decreased mobility.
The use of NOACs is beneficial in this setting, where the goal
is promoting quality of life rather than lengthening survival,
because treatment may reduce unpleasant symptoms of
thromboembolism, such as pain, edema, and dyspnea.99

However, there are challenges to using anticoagulants in pal-
liative care, including the risk of discontinuing anticoagula-
tion, the risk of bleeding, which is further increased in
patients with renal failure and malnutrition, and potential
DDIs.100 When considering the use of NOACs in end-of-
life care, it is essential to make decisions based on each
individual case and consider the patient’s wishes and those
of care givers and family as appropriate.97

CONCLUSIONS
The dosing regimen of NOACs varies according to

indication and treatment phase and it is not possible to
determine whether once-daily or twice-daily dosing is safer or
more efficacious. However, suboptimal treatment adherence
is a major concern and often falls to below 50% within a year
of starting a new medication.101 This is a particular concern
for elderly patients with AF, who are at a greater risk of both
ischemic and bleeding events than younger patients.102–105

Elderly people are suboptimally treated with VKAs, but to
a smaller extent, also with NOACs. Studies to date indicate
that elderly patients, even the very elderly, benefit from anti-
coagulation, because the risk of thromboembolism outweighs
that from potentially serious bleeding in most cases. Patients
prescribed once-daily NOACs have shown better adherence
and persistence than those prescribed twice daily, with fewer
missed doses. Most patients, especially elderly patients, prefer
a once-daily rather than a twice-daily oral anticoagulation
medication regimen. Because a good compliance is associated
with better outcomes, once-daily NOACs may be an appro-
priate choice for elderly patients, although the treating physi-
cian should also be aware of other criteria, such as the patient
risk profile, comorbidities, and concomitant medications. All
these factors must be carefully considered on individual basis
for appropriately matching an NOAC to a particular patient.
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