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Abstract

Purpose of Review We sought to review the current issues on optimization of anticoagulation in elderly patients with nonvalvular
atrial fibrillation (NVAF).

Recent Findings Advanced age is a risk factor for stroke and as one advances in age, the risk of stroke also increases. One of the
many challenges of oral anticoagulation for stroke prevention in the elderly patients with NVAF is the underutilization of
anticoagulants. Commonly cited reasons for hesitation by physician in prescribing oral anticoagulants are advanced age, increase
risk of bleeding, and the difficulty in maintaining an adequate time in therapeutic range and the need for frequent monitoring for
those who are given warfarin. The non-vitamin K antagonist oral anticoagulants (NOAC) have been shown to have similar or
superior efficacy, and a better safety profile compared with warfarin due to its wider therapeutic window, low interaction with
food, and less frequent monitoring of anticoagulation levels. It is also important to note that renal dysfunction is becoming
increasingly common in elderly patients with AF. This poses a therapeutic challenge for physicians due to a higher bleeding risk;
thus, renal function should be taken into consideration when prescribing NOACs. Warfarin, on the other hand, remains to be a
viable therapeutic option in certain clinical scenarios.

Summary In elderly patients, the choice of oral anticoagulants for stroke prevention in NVAF should be individualized and
should include considerations for the best estimate of absolute benefit weighed against bleeding risks in order to optimize
anticoagulation.
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Abbreviations ICH Intracranial hemorrhage

AF Atrial fibrillation INR International normalized ratio

CrCl Creatinine clearance NOAC Non-vitamin K antagonist oral anticoagulants
NVAF  Nonvalvular AF

OAC Oral anticoagulant

RCT Randomized controlled trial

SPAF  Stroke prevention in atrial fibrillation
TTR Time within therapeutic range
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Atrial fibrillation (AF) is the most frequent sustained cardiac
arrhythmia in clinical practice causing a 2-fold increase in
mortality and a 5-fold increase in stroke [1-3]. The overall
prevalence of AF is predicted to increase significantly due to
the population aging [4, 5] and the risk of ischemic stroke
related to AF increases with age, from 4.6% (ages 50 to

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12170-019-0599-8&domain=pdf
mailto:epsachen@ms41.hinet.net

3 Page20of10

Curr Cardiovasc Risk Rep (2019) 13: 3

59 years) to 20.2% (ages 80 to 89 years) [6]. Furthermore, the
risk for ischemic stroke is not homogeneous and is influenced
by the patient’s clinical characteristics and associated comor-
bidities [5]. Strokes related to AF are also associated with
higher mortality, greater disability, longer hospital stays,
poorer functional outcome, and lower chance of being
discharged home [7]. Thus, the cornerstone of effective stroke
prevention in AF (SPAF) is using oral anticoagulants (OAC)
regardless whether a rate or rhythm control management ap-
proach was employed [8].

Clinical risk stratification schemes have been developed
to assess the patient’s stroke and bleeding risk for the ini-
tiation of oral anticoagulation. The risk stratification
scheme widely used in most guidelines that can better dis-
criminate stroke risks in AF patients, and for the initiation
of OACs in men with a score of 1 or higher and women
with a score of 2 or higher, is the CHA,DS,-Vasc (conges-
tive heart failure/left ventricular dysfunction, hypertension,
age >75 years [doubled], diabetes, stroke [doubled], vas-
cular disease, age 65—74 years, sex category [female])
score (Table 1) [9]. Stroke risk reduction should also be
balanced against the increased risk of bleeding, especially
intracranial hemorrhage (ICH). Among the several scoring
systems available, the HAS-BLED bleeding score offers
better prediction of bleeding compared with other bleeding
risk scores and has been recommended as a simple clinical
score to predict relevant bleeding in AF patients (Table 2)
[1, 10]. A HAS-BLED score >3 indicates a high risk of
bleeding but does not preclude initiation of OAC. In such
patients, addressing the modifiable bleeding-risk factors
(i.e., uncontrolled hypertension, labile international nor-
malized ration (INR), and concomitant use of aspirin,
NSAIDs, or alcohol excess/abuse) is recommended [1].

Warfarin has been the mainstay for stroke prevention in AF
since the 1940s. Studies have shown that it reduces the risk of
stroke by 65-68% compared with placebo, and by 32-47%
compared with aspirin [11]. Additionally, its effectiveness in

reducing stroke risk requires a patient to be maintained at
therapeutic levels of the international normalize ration (INR)
(between 2 and 3) 70% of the time (time within therapeutic
range, TTR) to reduce the risk of stroke by 79% compared to
those whose TTR is <30% [12¢]. However, warfarin is asso-
ciated with increased risk for bleeding, especially ICH, with
major bleeding rates varying from 1.40 to 3.40% per year
across studies [13]. Furthermore, the use of warfarin possesses
certain limitations, including food and drug interactions, the
need for close laboratory monitoring to ensure the pro-
thrombin time—INR is maintained within a narrow therapeutic
range, and a high risk of bleeding when the high end of this
range is exceeded [14]. Recently, the non-vitamin K antago-
nist oral anticoagulants (NOACs), including dabigatran,
rivaroxaban, apixaban, and edoxaban, have been shown in
large randomized controlled trials (RCTs) to be at least as
effective as warfarin for stroke prevention with better safety
profile [1]. Thus, NOACs have been regarded as the preferred
agents for SPAF and have been used extensively over the past
few years [15]. Warfarin, on the other hand, still remains to be
a viable option in certain clinical scenarios [1].

Despite the plethora of evidence, the use of OAC in pa-
tients with NVAF has been suboptimal especially in patients
with advanced age. Advanced age has been the most common
demographic factor associated with underuse of OAC due to
the fear of bleeding and other complications [16], thus posing
a major public health issue on initiation of anticoagulation.
Therefore, in this review, our objective is to summarize the
recent available data for optimization of oral anticoagulation
in the elderly population.

Advancing Age and Stroke Risk
Advanced age is a critical determinant of AF-related ischemic

stroke. Recent studies based on “real-world” registries have
established advanced age as an independent risk factor for

Table 1 Assessment of stroke

risk in atrial fibrillation patients CHA,DS,-Vasc risk

Description Score

using CHA,DS,-Vasc [8] ] ]
Congestive heart failure

Hypertension

Age
Diabetes mellitus

Stroke
Vascular disease

Age
Sex category

Signs/symptoms of heart failure or objective evidence
of reduced left ventricular ejection fraction

Resting blood pressure > 140/90 mmHg on at least
two occasions or current antihypertensive treatment

75 years or older 2

Fasting glucose > 125mg/dl (7 (mmol/l) or treatment 1
with oral hypoglycemic agent and/or insulin

Previous history of stroke, transient ischemic attack 2

or thromboembolism

Previous myocardial infarction, peripheral artery disease,
or aortic plaque

65-74 years

Female
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Table 2 Assessment of bleeding

risk in atrial fibrillation patients HAS-BLED Definition Score
using HASBLED [8]
Hypertension SBP > 160 mmHg 1
Abnormal renal or liver function Renal: dialysis, transplantation, or creatinine > 2.3mg/dl lor2
(1 score each) Liver: chronic hepatitis, cirrhosis, bilirubin >2 ULN,
with ALT >3 ULN
Stroke Previous history, particularly lacunar 1
Bleeding history or predisposition Recent bleed, anemia, etc. 1
Labile INR Unstable/high INR, or TTR < 60% in patients on warfarin 1
Elderly Age > 65 years, extreme frailty 1
Drugs or alcohol Drugs: concomitant antiplatelet or NSAID use lor2

Alcohol excess (8 or more drinks/week)

ALT alanine transaminase, /NR international normalized ratio, NSAID nonsteroidal anti-inflammatory drugs, 77R
time in therapeutic range, ULN upper limit of normal

stroke [17—19]. It is also an individual risk factor that is in-
cluded in the CHA,DS,-Vasc risk stratification scheme
wherein an age between 65 and 74 years will have a score of
1 and an age of > 75 years will garner a score of 2. This group
of patients also represents the fastest growing segment of the
population in many countries due to the advent of newer med-
ical technologies and improved healthcare system, access to
better medical treatment, education, and quality of life. As the
population ages, the burden of AF is also projected to increase
substantially. The Framingham study reported the increase in
incidence of AF, with a prevalence of about 0.1% in people
younger than 55 years [20] and increasing to 6%, 12%, and
16% in people aged 6574 years, 75-84 years, and > 85 years,
respectively [21]. Additionally, in patients with NVAF, the
risk of ischemic stroke increases by 5-fold and the proportion
of AF-related strokes was found to increase progressively with
age, from 6.7% for ages 50 to 59 years to 36.2% for ages 80—
89 years [22]. With advancing age, there is also a substantial
increase in the comorbidities of the patient, thereby further
increasing the risk for ischemic stroke. Chao et al. [23¢] dem-
onstrated that as one ages, approximately 51.9% of patients
would accumulate at least 1 new-onset comorbidity, the most
common being hypertension (37.2%), congestive heart failure
(27%), or diabetes mellitus (13%). Since stroke prevention is
the priority for AF management, long-term OAC therapy is
critical in achieving effective stroke prevention.

Underutilization of Oral Anticoagulation
Therapy Among Elderly Patients

Underutilization of OAC for stroke prevention in NVAF has
been a major problem worldwide. A substantial number of
patients whom OAC therapy is indicated do not receive ap-
propriate treatment. A systematic review on the numerous
cohort studies of individuals who had AF and a prior history

of stroke demonstrated the underuse (less than 60% in most of
the population studied) of OAC therapy for real-world AF
patients with an elevated risk of stroke [24]. Several studies
reporting demographic factors in the underutilization of OAC
found that overall age has been the most common demograph-
ic factor. In a study conducted recently in 807 frail elderly
outpatients, advancing age was the only item independently
associated with the likelihood of not receiving VKAs in the
multivariate analysis [25]. No other single factor, including
the presence of contraindications to OAC, influenced pre-
scription of OAC significantly. Other studies also consistently
found that older patients are less likely to receive warfarin than
younger patients [26—28]. The reasons often cited in most
studies for the underuse of OAC therapy in the elderly popu-
lation were high bleeding risk and difficulties in maintaining
the INR in the target range during warfarin treatment.
Additionally, the strongest risk factors for stroke in AF, name-
ly, prior stroke and increasing age, were also the reasons for
withholding appropriate OAC therapy [29]. Several studies
and survey data also showed that elderly patients (> 75 years)
with AF have lower prescription rates for OAC and more
likely to receive aspirin [30ee, 31, 32]. Thus, despite studies
showing that elderly patients benefit as much from OAC ther-
apy and a net clinical benefit compared with aspirin therapy
[33-36], they still do not receive adequate OAC therapy.
Furthermore, many are still treated with aspirin which has
been shown to be ineffective and strongly discouraged by
the present guidelines [37].

Frailty, which invariably affects 11% of the elderly over the
age of 65 years old and 25% over the age of 85 years old, is
another reason for underutilization of OAC therapy in this
population [38, 39]. The fear of bleeding is often the cause
for hesitation among physicians when prescribing OACs
among frail elderly patients. However, among these patients,
the underuse of evidence-based drug treatment was found to
be the more frequent and important cause of rehospitalization
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rather than due to adverse drug reactions [40]. A recent real-
world, observational study concerning very elderly patients
(> 85 years old) demonstrated that OAC use for SPAF was
associated with 36% relative reduction in thromboembolic
complications versus antiplatelet or no antithrombotic therapy
[41]. Importantly, they demonstrated that OAC use did not
increase the risk for major bleeding compared to treatment
with antiplatelet. These findings were confirmed in a sub-
group of extremely frail patients (aged > 90 years old) show-
ing the highest absolute benefit of OAC use among these
patients. Thus, in frail elderly patients, OACs may be pre-
scribed with great consideration for various factors that may
increase the risk for stroke and bleeding. This includes the
propensity to falling, impairment of cognitive function, low
body weight due to malnutrition, decline in renal function, and
regimen complexity [42]. In order to provide safe and effec-
tive OAC therapy for these patients, individualized assess-
ment of frailty and balancing potential benefits and risks is
crucial.

Another important demographic factor that has been found
to have an impact on the decision-making to initiate
anticoagulation for SPAF is gender. It is known that the stroke
risk is higher in men across all age groups before the age of
85 years old. However, this incidence reverses dramatically
with women (age more than 65 years old) being much more at
risk, and with a longer life expectancy, the majority of stroke
deaths now occur in women [43]. In spite of studies demon-
strating the association between AF, female gender, and stroke
risk, underrecognition of the higher thromboembolic risk in
this group still remains [44]. A possible reason could be that
women who were previously categorized as intermediate risk
using the CHADS, scoring system (score = 1) are now cate-
gorized as high risk using the CHA,DS,-Vasc score (score >
2) [44] but were not recategorized on follow-up; thus, appro-
priate anticoagulation was not prescribed. Clinical re-
assessment of stroke risk of AF patients has to be emphasized
since patients tend to develop additional comorbidity as one
ages [23+]. Another reason for underutilization of OAC in
elderly women is adverse drug reaction. A study have shown
that women were prescribed more medications than men but
were found to be less adherent due to the higher incidence of
adverse drug reactions, with more severe bleeding noted in
elderly women who were prescribed with oral anticoagulants
[45]. Women tend to have smaller body type, older age, higher
prevalence of comorbidities, and have different drug metabo-
lism and distribution compared to men. They are also under-
represented in large clinical trials as shown in a Cochrane
review of 258 clinical trials where women comprised only
27% of the population and accounting for only 25 to 40% of
the study population in recent large-scale trials of NOACs
[44]. Furthermore, there is no currently available gender-
specific recommendation for OAC treatment for SPAF.
Whether or not dose adjustment to minimized adverse drug

@ Springer

reactions among female AF patients should be done still re-
mains to be investigated. These issues could influence physi-
cian perception of bleeding risks and may also cause hesita-
tion on the part of the patient to initiate or continue OAC
treatment. Despite the challenges faced in OAC treatment in
elderly women, the risk for stroke associated with female gen-
der cannot be overemphasized. A recent observational cohort
study from 3 Danish nationwide registries involving 239,671
patients has demonstrated that female gender is a risk modifier
for stroke in patients with AF [46]. The study found that fe-
male patients with AF who have no additional risk factor (i.e.,
score = 1 due to female gender alone) have similar thrombo-
embolic risk in comparison with male patients with no stroke
risk factor (i.e., score = 0). However, an excess risk for women
was noted among those ages more than 65 years old or those
who developed additional stroke risk factor. Female gender
was found to modify and accentuate the stroke risk among
women.

Oral Anticoagulation for Stroke Prevention
in the Elderly

Warfarin vs Aspirin and Other Combinations
for Stroke Prevention in the Elderly

Currently, warfarin remains the most commonly used OAC
for SPAF. A meta-analysis of randomized trials has demon-
strated the efficacy of adjusted-dose warfarin for prevention of
ischemic stroke in patients with AF with an overall relative
risk reduction (RRR) for all stroke of 64% (95% CI, 49 to
74%) and 25% RRR for mortality [47]. Although clinical
studies are more readily applicable in real life in geriatric
patients with AF, still there are many physicians who hesitate
in prescribing OACs. Variations in the clinical practice and
concerns over the prescription of OACs in the elderly were
probably partly due to the underrepresentation of elderly pa-
tients in these studies [48]. Presently, there are two RCT that
compared the efficiency and superiority of warfarin over as-
pirin in elderly patients (> 75 years of age), the Birmingham
Atrial Fibrillation Treatment of the Aged Study (BAFTA) [33]
and the Warfarin versus Aspirin for Stroke Prevention in
Octogenarians (WASPO) trial [32]. The BAFTA trial included
973 elderly patients > 75 years old (mean age 81.5 £ 4.2 years).
The trial demonstrated the superior efficacy of warfarin in
reducing the annual risk for ischemic stroke and intracranial
hemorrhage (ICH) compared to aspirin (RR 0.48, [95% CI
0.28-0.80], p=0.003; absolute yearly risk reduction 2%,
[95% CI1 0.7-3.2]) [33]. There was no difference in the safety
profile between warfarin and aspirin even at ages > 85 years
old (rates of all major hemorrhages including ICH: RR 0.96%,
[95% CI, 0.53—1.75] and annual risk of extracranial hemor-
rhage: warfarin 1.4% vs aspirin 1.6%, RR 0.87 [95% CI1 0.43—
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1.73]). Additionally, the efficacy of warfarin was similar in
people aged >85 years vs younger people as well as those
with low stroke risk vs those with high stroke risk (classified
based on CHADS, scoring system). The WASPO trial also
included a very old cohort of patients (mean age 83.9 years)
with NVAF showing a similar results. Anticoagulation control
was achieved in the octogenarian cohort with 69% in TTR
(target INR range 2.0-3.0). Aspirin, on the other hand, was
less tolerated with more adverse events (including 3 serious
bleeding) compared to the adjusted-dose warfarin (no serious
bleeding occurred). Furthermore, all combinations of warfa-
rin, aspirin, and clopidogrel were associated with increased
risk of nonfatal bleeding compared with warfarin monothera-
py [49, 50]. When compared with no antithrombotic therapy
or with the use of antiplatelet drugs, warfarin therapy even in
very old patients (> 90 years old) with NVAF was associated
with lower risk of ischemic stroke and a positive net clinical
benefit [30e¢].

The efficacy of warfarin lies on maximizing the time in the
therapeutic range (INR 2.0 to 3.0) and was shown to provide
the most benefit for preventing stroke, major hemorrhage, and
death. Greater TTR correlates with improved patient out-
comes for patients treated with warfarin for AF [51].
Although there has been no definite consensus for the mini-
mum target threshold for TTR, a TTR between 58 and 65%
was suggested in order for warfarin to be beneficial over an-
tiplatelet therapy [49]. Clinical parameters summarized in the
SAMe-TT,R; score [52-54] can also help identify patients
who are likely to achieve a decent TTR on warfarin therapy
[37]. Additionally, in one study, the percentage of time spent
in target INR has also been shown to be similar in different age
groups of patients with NVAF even in those > 84-year-olds
and it was not difficult to maintain INR in the therapeutic
range as persons get older [55].

Non-vitamin K Antagonist Oral Anticoagulants
for Stroke Prevention in the Elderly

In recent years, four NOACs (one direct thrombin inhibitor—
Dabigatran, and three factor Xa inhibitors—Rivaroxaban,
Apixaban, and Edoxaban) tested separately in RCTs were
found non-inferior to warfarin for AF stroke prophylaxis has
been introduced to clinical practice [56—59]. Their more pre-
dictable pharmacokinetics and pharmacodynamics, and set
dosing schedule without the need for regular anticoagulation
monitoring, makes them an attractive alternative to warfarin.
Furthermore, these RCTs included subjects > 75 years of age
with substantial evidence for their safety and efficacy for older
patients (summarized in Table 3). However, it is important to
note that the combination of AF and chronic kidney disease
(CKD) is becoming increasingly common in the elderly pa-
tients due to the physiological decline of renal function that
goes with aging and the increasing prevalence of shared risk

factors, i.e., hypertension and diabetes. There is a bidirectional
pathophysiological relationship between the AF and CKD and
subjects with CKD are at a higher risk of developing AF and
the presence of AF increases the risk of developing renal dys-
function [64]. Thus, patients with AF with renal dysfunction
pose a therapeutic challenge for physicians due to a higher
bleeding risk and renal function should be taken into consid-
eration when prescribing NOACs.

Dabigatran

In the RE-LY trial [45], dabigatran (110 mg and 150 mg)
which involved 7258 (40%) who were > 75 years of age dem-
onstrated that age did not affect the benefits of treatment with
dabigatran vs warfarin for ischemic stroke. In patients <

80 years of age, there was a significant decrease in extracranial
bleeding in patients taking dabigatran compared to those tak-
ing warfarin (HR 0.78 for 150 mg dabigatran; HR 0.72 for
110 mg twice daily) [65+¢]. However, in patients > 80 years of
age, the rates of extracranial bleeding were similar (HR 1.50
for 110 mg twice daily) or higher (HR 1.68 for 150 mg twice
daily) between dabigatran and warfarin. Thus, while age does
not affect the benefits of dabigatran against warfarin, lower
doses of dabigatran (110 mg) twice daily for patients >

80 years due to the age-dependent extracranial major bleeding
were recommended in a subgroup analysis of the RE-LY trial
[60].

As dabigatran is highly dependent on renal excretion (80%
renal elimination) [64], it is contraindicated in severe renal
disease (Creatinine Clearance (CrCl) <30 mg/min). It is the
only dialyzable NOAC and a 4-h hemodialysis session will
remove 50 to 60% of plasma dabigatran, with a 10% rebound
in dabigatran levels post-dialysis [66]. Although the Food and
Drug Administration (FDA) approved a low dose of
dabigatran at 75 mg twice daily for patients with CrCl be-
tween 15 and 30 ml/min [67], this was based on a phase 1
pharmacokinetic study of 29 patients, 11 of whom have a
CrCl < 30 ml/min [65¢¢]. However, studies have demonstrated
the rate of major hemorrhage among dabigatran-treated pa-
tients accelerated and surpassed warfarin when the CrCl fell
below 50 ml/min [68] and a 6-fold increase in dabigatran
exposure in patients with CrCl <30 ml/min compared with
healthy subjects [66]. Thus, in elderly patients, closer moni-
toring of renal function is warranted as they are prone to
overdosing.

Rivaroxaban

In contrast to the other novel anticoagulants, rivaroxaban is
dosed once daily. Rivaroxaban was compared with warfarin in
the ROCKET AF trial [55] which includes 6229 (44%) pa-
tients >75 years of age. Rivaroxaban was found to be non-
inferior to warfarin for prevention of ischemic stroke and ICH
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Table 3  Comparison of phase III trials subgroup analysis of non-vitamin K antagonist oral anticoagulants vs warfarin in the elderly patients
Dabigatran Rivaroxaban Apixaban Edoxaban
[54, 60] [55, 61] [56, 62] [57, 63]
Drug class Direct thrombin inhibitor, factor Ila Factor Xa inhibitor Factor Xa inhibitor Factor Xa
inhibitor
Phase 3 study RE-LY (n=18,113) ROCKET-AF ARISTOTLE ENGAGE
design (n=14,264) (n=18,201) AF-TIMI
(n=21,105)
Study population AF and a risk for stroke AF with at least 2 AF and at least 1 risk AF with at least 2
risk factors for factor for stroke risk factors for
stroke stroke
Subjects n="7258 (40%) n=6229 (44%) n=5672 31%) n=_8474 (40%)
>75 years old
Renal Dose Adjustments

> 50 ml/min 150 mg BID* 20 mg QD 5 mg BID 60 mg QD

50 ml/min 15 mg QD 2.5 mg BID 30 mg QD

30 ml/min 75 mg BID* [2 of 3: >80 years old,

15 ml/min serum Cr > 1.5 mg/dl,

weight <60 kg]
<15 ml/min Avoid use* Avoid use Avoid use Avoid use
Efficacy (% events/year, HR or RR vs warfarin, 95% CI and p-int values**)

Ischemic stroke 150 mg dosing: 75-79 years: 1.14 vs 1.76, HR 0.65 2.29 vs 2.85, HR 1.56 vs 2.19, HR 0.71 1.9 vs 2.3, HR
and/or (0.42—-1.01); 80-84 years: 1.73 vs 2.58, HR 0.67 0.80 (0.53-0.95); 0.83
systemic (0.41-1.10); > 85 years:2.15 vs 3.09, HR 0.70 (0.31-1.57);  (0.63-1.02), p-int=0.11 (0.66-1.04),
embolism p-int=0.50 p-int=0.31 p-int=0.84

110 mg dosing: 75-79 years: 1.90 vs 1.76, HR 1.08
(0.73-1.60); 80—84 years: 1.95 vs 1.76, HR 0.75
(0.46-1.23); > 85 years: 1.61 vs 3.09, HR 0.532
(0.21-1.29); p-int=0.25
Hemorrhagic — 0.34vs 049, HR - 0.3 vs 0.5, HR
Stroke 0.70 0.58
(0.39-1.28); (0.35-0.97),
p-int=0.36 p-int=0.31
Safety (% events/year, HR or RR vs warfarin, 95% CI and p values)
Major Bleeding 150 mg dosing: 75-79 years: 4.28 vs 4.16, HR 1.04 486 vs4.40,HR  3.33vs5.19, HR 0.64 4.0 vs 4.8, HR
(0.81-1.35); 8084 years: 5.91 vs 428, HR 1.41 1.11 (0.52-0.79); 0.83
(1.02-1.94); > 85 years:7.29 vs 5.96, HR 1.22 (0.74-2.02);  (0.92-1.34); p-int=0.43 (0.70-0.99),
p-int <0.001 p-int=0.34 p-int=0.78
110 mg dosing: 7579 years: 3.87 vs 4.16, HR 0.93
(0.71-1.21); 80-84 years: 5.01 vs 4.28, HR 1.18
(0.84-1.65); > 85 years: 6.00 vs 7.29, HR 1.10 (0.59-1.73);
p-int <0.001

Intracranial 150 mg dosing: 75-79 years: 0.18 vs 0.79, HR 0.23 0.66 vs 0.73, HR  0.43 vs 1.29, HR 0.34 0.5vs 1.2, HR

Hemorrhage (0.09-0.60); 8084 years: 0.64 vs 1.16, HR 0.55 0.80 (0.20-0.57), 0.40
(0.25-1.21); >85 years: 1.07 vs 1.77, HR 0.61 (0.20-1.87);  (0.50-1.28); p-int=0.20 (0.26-0.62),
p-int=0.55 p-int=0.26 p-int=0.11

110 mg dosing: 7579 years: 0.40 vs 0.79, HR 0.51
(0.25-1.04); 8084 years: 0.35 vs 1.16, HR 0.30
(0.11-0.82); > 85 years:0.23 vs 1.77, HR 0.13 (0.02—-1.04);
p-int 0.67

*US labeling

**p-int value, interaction p values between age and treatment based on continuous age

[57]. A sub-analysis of ROCKET AF [67] comparing the
safety and efficacy of rivaroxaban 20 mg once daily (or
15 mg once daily for CrCl<50 ml/min) between older
(=75 years) and younger (<75 years) age groups found that
there was no interaction between age and treatment on the

composite endpoint of stroke/systemic embolism, major
bleeding or mortality. Although elderly patients may have
higher stroke and bleeding rates than younger patients, the
efficacy and safety of rivaroxaban relative to warfarin did
not differ with age [61].
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Two-thirds of rivaroxaban is metabolized in the liver and
36% is eliminated by the kidneys. In the ROCKET AF trial,
only patients with moderate renal function were recruited and
given reduced dose of rivaroxaban (15 mg daily) while those
with several renal disease were excluded [57]. The trial dem-
onstrated that in these groups of patients, the rates of stroke
and systemic embolism were significantly higher than those
with normal or better renal function. Major bleeding was also
more frequently observed compared to the other treatment
groups showing that rivaroxaban had no significant benefit
for stroke prevention compared to warfarin in patients with
moderate renal failure. Furthermore, rivaroxaban has also not
been studied in patients with severe renal impairment [57, 69].

Apixaban

In the ARISTOTLE trial comparing apixaban with warfarin,
5672 (31%) subjects were > 75 years old [58]. The trial dem-
onstrated that apixaban was more effective than warfarin in
preventing stroke and systemic embolism, ICH, and reducing
mortality across all age groups. Apixaban also demonstrated
significantly reduced risk for major bleeding. In a sub-analysis
of the trial demonstrated that apixaban reduced the rate of
major bleeding compared with warfarin with a consistent
treatment effect across age groups (interaction with continu-
ous age, P =0.63) [69]. Treatment with apixaban compared
with warfarin reduced the rate of ICH in patients 65-74 years,
as well as in patients > 75 years of age. The results were also
consistent for the 13% of patients > 80 years [62, 69].

The benefits of apixaban compared with warfarin were
shown to be consistent across the range of estimated glomer-
ular filtration rate and also in the elderly (> 75 years old) with
no significant interaction between the treatment effect and the
level of renal dysfunction [62, 69]. The drug label was
amended in 2014 for patients with renal impairment, including
those with end-stage renal disease (ESRD) who were on main-
tenance hemodialysis with no dose reduction (5 mg twice
daily) unless the patients were >80 years old or had a body
weight < 60 kg. In a retrospective, prognostic score-matched
analysis of the US Medicare beneficiaries with ESRD on di-
alysis and AF [70], apixaban was found to have lower rates of
major bleeding compared with warfarin, whereas there was no
difference in the rates of stroke and systemic embolism. The
study also found that standard-dose apixaban (5 mg) had low-
er rates of stroke and death compared with those on reduced
dose apixaban (2.5 mg). However, it is important to note
that since only 27% of apixaban is eliminated by the kidneys
and only 6.7% can be cleared by a 4-h hemodialysis session,
in patients who have overdosed or having life-threatening
bleeding, dialysis would not be effective [65]. Additionally,
in a post-hemodialysis administration of 5 mg apixaban result-
ed a 36% higher drug exposure compared with healthy sub-
jects with normal renal function [71]. Since patients with

creatinine > 2.5 mg/dl or < 1.5 mg/dl, or on long-term dialysis
were excluded in the trial, further studies are needed to
establish the optimal apixaban dose and dosing schedule
for patients with ESRD and on maintenance hemodialysis
[62, 65, 71].

Edoxaban

Among the four, edoxaban is the most recently approved
NOAC and the ENGAGE AF TIMI 48 trial involved 8474
(40%) subjects who were (>75 years old [59]. Both once-
daily regimens of edoxaban were non-inferior to warfarin with
respect to the prevention of stroke or systemic embolism and
were associated with significantly lower rates of bleeding and
death from cardiovascular causes. No interactions between
age group and randomized treatment in the primary efficacy
and safety outcomes using edoxaban in the elderly compared
with warfarin were also found in a subgroup analysis [63].

Approximately 50% of edoxaban is cleared by the kidneys
and it is poorly cleared by hemodialysis [65]. In the ENGAGE
AF TIMI 48 trial, subjects with CrCl between 30 and 50 ml/
min were given 30 mg edoxaban (low-dose regimen). The
subgroup analysis showed that this dose was comparable to
warfarin for the prevention of stroke and systemic embolism
and resulted in lower rates of major bleeding and a more
favorable net clinical outcome [72].

Conclusion

NOACs have been shown to have similar or superior ef-
ficacy, and a better safety profile compared with warfarin
due to its predictable pharmacokinetics and pharmacody-
namics, and set dosing schedules allowing optimization of
anticoagulation for stroke prevention in the elderly pa-
tients with AF. However, renal function should be taken
into consideration when choosing NOACs as renal dys-
function may increase the risk of bleeding in these pa-
tients posing a therapeutic challenge for physicians.
Warfarin, on the other hand, remains to be a viable option
in certain clinical scenarios. Finally, in elderly patients,
the choice of oral anticoagulants for stroke prevention
in NVAF should be individualized and should include
considerations for the best estimate of absolute benefit
weighed against bleeding risks in order to optimize
anticoagulation.
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