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Abstract Novel oral anticoagulants (NOACs) such as
dabigatran, rivaroxaban, apixaban and edoxaban have
gained a lot of popularity as alternatives to warfarin for
anticoagulation in various clinical settings. However, there
is conflicting opinion regarding the absolute benefit of
NOAC use in elderly patients. Low body mass, altered
body composition of fat and muscle, renal impairment and
concurrent presence of multiple comorbidities predispose
elderly patients to many adverse effects with NOACs that
are typically not seen in younger patients. There have been
reports that NOAC use, in particular dabigatran, is asso-
ciated with a higher risk of gastrointestinal bleeding in the
elderly. Diagnosis and management of NOAC-associated
bleeding in the elderly is difficult due to the absence of
commonly available drug-specific antidotes that can
rapidly reverse the anticoagulant effects. Moreover, in
elderly patients, a number of factors such as the presence of
other comorbid medical conditions, renal insufficiency,
drug interactions from polypharmacy, risk of falls and
dementia need to be considered before prescribing antico-
agulation therapy. Elderly patients frequently have com-
promised renal function, and therefore dose adjustments
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according to creatinine clearance for NOACs need to be
made. As each NOAC comes with its own unique advan-
tages and safety profile, an individualized case by case
approach should be adopted to decide on the appropriate
anticoagulation regimen for elderly patients after weighing
the overall risks and benefits of therapy.

Key Points

Novel oral anticoagulants (NOACsSs) have emerged as
popular alternatives to warfarin for the purpose of
anticoagulation in elderly patients given the
advantages of convenient oral dosing, more
predictable pharmacokinetic profiles, fewer drug and
food interactions, avoidance of routine monitoring,
equal or superior efficacy and encouraging safety
profiles including significantly lower rates of
intracranial hemorrhage.

A significantly increased risk of gastrointestinal
bleeding in elderly patients is observed with
dabigatran, and use of this drug should be avoided in
patients who have a history of, or are at an increased
risk for, gastrointestinal bleeding.

Low body mass, altered body composition of fat and
muscle, presence of renal impairment, multiple
comorbidities, dementia and risk of falls are some of
the issues that predispose patients to adverse effects
of NOACs, making anticoagulation therapy in
elderly patients a challenging task. Assessment of the
benefits versus risks of anticoagulation therapy
should be performed on an individual basis.
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1 Introduction

With advancing age, there is a progressive increase in the
incidence of both arterial and venous thromboembolic
events [1-3]. In elderly patients (conventionally defined as
those aged 75 years and above), not only is age by itself a
strong risk factor for venous thromboembolism (VTE) [2,
4], other factors such as diabetes mellitus, hypertension,
stroke, heart failure and myocardial infarction are also
more prevalent [3, 5], making them a high-risk population
for thromboembolic events. The incidence of a first episode
of deep vein thrombosis (DVT) or pulmonary embolism
(PE) is estimated to be below one per 1000 person-years in
people less than 50 years of age, but rises steeply to six per
1000 person-years in patients aged above 80 years [6]. The
incidence of atrial fibrillation (AF), the most commonly
encountered arrhythmia in clinical practice, also increases
with age [7]. Approximately a third of all patients who
have AF are aged 80 years or older, and it is estimated that
by 2050, half of all patients who have AF are likely to be in
this age group [8]. It is not surprising that the age of the
patient is one of the most important components of the
popular CHADS,VASC scoring system for estimating the
risk of developing stroke in patients with AF [9]. The risk
of ischemic stroke increases 1.5-fold for every 10 years of
age increase [10]. Data from the Framingham Heart Study
showed that almost 24 % of strokes in individuals aged
80 years and above are due to AF [11].

Therefore, from a therapeutic standpoint, anticoagu-
lant therapy in elderly patients plays a very crucial role
in day to day clinical practice. The vitamin K antagonist
(VKA) warfarin has conventionally been used for anti-
coagulation in these patients. Previous studies have
shown that anticoagulation with warfarin is superior to
antiplatelet treatment with aspirin for the prevention of
stroke in patients with AF, even in the elderly [12, 13].
Warfarin use, however, has a number of limitations, such
as risk of major bleeding, the need for regular interna-
tional normalized ratio (INR) monitoring, a narrow
therapeutic range and interactions with several drugs and
foods [14]. Almost half a century after the approval of
warfarin, novel oral anticoagulants (NOACsSs) such as the
direct thrombin inhibitor dabigatran, and factor Xa
inhibitors rivaroxaban, apixaban and edoxaban were
developed as alternative anticoagulant agents. The
NOAC:s have a more predictable pharmacokinetic profile
than warfarin, fewer dietary and drug interactions and do
not require routine monitoring [15]. However, there are
conflicting opinions regarding the efficacy and safety of
NOACs in the elderly population, particularly with
respect to the risk of bleeding. Low body mass, altered
body composition of fat and muscle, a high prevalence of
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renal impairment and concurrent presence of multiple
comorbidities may predispose geriatric patients to
adverse effects of these drugs, which are otherwise well
tolerated in younger patients [16]. The purpose of this
review is to briefly describe the risk of bleeding with use
of NOAC: in the elderly, with an emphasis on prevention
and management strategies.

2 NOAC Use in the Elderly: Current State
of Evidence

Most of the available evidence regarding the efficacy and
safety of NOAC:s in elderly patients comes from subgroup
analysis of large randomized controlled trials (RCTs). A
brief overview of the available data for each NOAC is
described below.

2.1 Rivaroxaban

Rivaroxaban is an oxazolidinone derivative that functions
by inhibiting both free factor Xa and factor Xa bound in the
prothrombinase complex [17]. This highly selective direct
factor Xa inhibitor has high oral bioavailability, a relatively
fast onset of action and a predictable pharmacokinetic
profile across a wide spectrum of patients with respect to
age, gender, weight and race [18].

The ROCKET AF (Rivaroxaban Once Daily Oral
Direct Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism Trial
in Atrial Fibrillation) trial compared rivaroxaban 20 mg
daily with dose-adjusted warfarin for prevention of stroke
or systemic embolism in patients with non-valvular AF
[19]. Patients with renal insufficiency and a creatinine
clearance of 30—49 ml/min were given a reduced dose of
rivaroxaban (15 mg daily). In the intention-to-treat anal-
ysis, rivaroxaban was found to be similar to warfarin in
preventing stroke or systemic embolism [hazard ratio
(HR) 0.88, 95 % confidence interval (CI) 0.75-1.03] [19].
Thirty-eight percent of patients in the trial were aged
>75 years. The event rates of both stroke/systemic
embolism as well as anticoagulant-associated bleeding
were higher in elderly patients aged 75 years and above.
Similar to the analysis of the trial’s primary outcome,
subgroup analysis for elderly patients aged 75 years or
over demonstrated that rivaroxaban was non-inferior to
warfarin for prevention of stroke or systemic embolism
(HR 0.80, 95 % CI 0.63-1.02). The rates of major
bleeding were noted to be similar in both elderly and
younger patients (>75 years 4.86 % rivaroxaban vs.
4.40 % warfarin per 100 patient-years; HR 1.11, 95 % CI
0.92-1.34; <75 years 2.69 vs. 2.79 % per 100 patient-
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years; HR 0.96, 95 % CI 0.78-1.19; interaction
P = 0.336) [20]. The risk of intracranial hemorrhage
(ICH) was lower with rivaroxaban (HR 0.67, 95 % CI
0.47-0.93), with no significant variations noted across
different age groups. In summary, the efficacy and safety
of rivaroxaban compared with warfarin did not differ with
age, thereby supporting the use of rivaroxaban as an
alternative anticoagulant in elderly patients.

The EINSTEIN DVT [21] (patients with acute symp-
tomatic DVT but no PE) and the EINSTEIN PE [22]
(patients with symptomatic PE, with or without con-
comitant DVT) studies showed that rivaroxaban was non-
inferior to standard therapy with low-molecular-weight
heparin (LMWH) followed by an adjusted-dose VKA for
treatment of symptomatic DVT and PE. Pooled analysis
from both studies showed that the efficacy of rivaroxaban
was consistent among all age groups. Rates of major
bleeding were similar, occurring in 1 % of patients in the
rivaroxaban group and 1.7 % in the LMWH/VKA group
(HR 0.54, 95 % CI 0.37-0.79) [23]. Increasing age and
declining renal function was associated with a reduction
in major bleeding in favor of rivaroxaban, being most
pronounced in elderly patients with a creatinine clearance
of <50 ml/min.

2.2 Apixaban

Apixaban is a direct competitive inhibitor of factor Xa that
is approximately 25 % excreted by the kidney and has
50 % net bioavailability [24].

The AVERROES (Apixaban Versus Acetylsalicylic
Acid to Prevent Stroke in Atrial Fibrillation Patients who
have Failed or are Unsuitable for Vitamin K) trial
demonstrated that apixaban 5 mg twice daily (BID) low-
ered the risk of stroke or systemic embolism when com-
pared with 81-324 mg aspirin in patients with prior
stroke/transient ischemic attack (TTIA) (HR 0.29, 95 % CI
0.15-0.60) as well as in patients with no prior stroke/TIA
(HR 0.29, 95 % CI 0.15-0.60) [25]. Major bleeding was
more frequent in patients with a history of stroke or TIA
than in patients without this history (HR 2.88, 95 % CI
1.77-4.55), but risks did not differ between treatment
groups. Overall, apixaban was well tolerated and showed a
profile of adverse events similar to that of aspirin. Sub-
group analysis showed that in elderly patients aged 75 and
above, there was a significantly reduced risk of stroke or
embolism with apixaban when compared with aspirin (2 %
per year vs. 6.1 % per year). However, the rate of major
bleeding was similar between both apixaban and aspirin in
this age group (2.2 % per year with apixaban vs. 2.6 % per
year with aspirin) [25].

The ARISTOTLE (Apixaban for Reduction in Stroke
and Other Thromboembolic Events in Atrial Fibrillation)

trial showed that apixaban 5 mg BID was superior to dose-
adjusted warfarin for prevention of stroke or systemic
embolism in patients with AF (HR 0.79, 95 % CI
0.66-0.95) [26]. A reduced dose of apixaban 2.5 mg BID
was used for patients with two out of three of the following
criteria: age >80 years, body weight <60 kg and creatinine
>1.5 mg/dl. Thirty-one percent of patients enrolled in this
trial were aged >75 years. Efficacy of apixaban was sim-
ilar in patients aged 75 years or older with respect to the
primary outcome (HR 0.71, 95 % CI 0.53-0.95). The rate
of major bleeding was 2.13 % per year in the apixaban
group, as compared with 3.09 % per year in the warfarin
group (HR 0.69, 95 % CI 0.60-0.80). No significant vari-
ation in the rate of major bleeding was observed across
different age groups [26].

The AMPLIFY trial showed that apixaban alone was
non-inferior to conventional therapy with enoxaparin fol-
lowed by warfarin for treatment of acute VTE [relative risk
(RR) 0.84, 95 % CI 0.6-1.18] and was associated with
significantly less major bleeding (RR 0.31, 95 % CI
0.17-0.55) [27]. The efficacy and safety of apixaban was
consistent across all subgroups, including elderly patients
aged 75 years and above.

2.3 Edoxaban

Edoxaban is a direct oral factor Xa inhibitor that was
recently approved by the Food and Drug Administration
(FDA) for the prevention of stroke and non—central-ner-
vous-system (CNS) systemic embolism in patients with
non-valvular AF. Pharmacokinetically, edoxaban achieves
maximum concentrations within 1-2 h, is 50 % renally
excreted and has approximately 62 % bioavailability [15].

The ENGAGE AF-TIMI 48 trial demonstrated that
edoxaban (60 and 30 mg once daily) was non-inferior to
dose-adjusted warfarin for reduction of stroke or systemic
embolism (modified intent-to-treat population, P = 0.001
and P = 0.005 for non-inferiority, respectively; intent-to-
treat population, P = 0.08 and P = 0.10 for superiority,
respectively) [28]. The annual rate of major bleeding was
343 % with warfarin versus 2.75 % with high-dose
edoxaban (HR 0.80, 95 % CI 0.71-0.91) and 1.61 % with
low-dose edoxaban (HR 0.47, 95 % CI 0.41-0.55). Com-
pared with warfarin, there were lower rates of major
bleeding with both high-dose edoxaban (3.43 vs. 2.75 %)
and low-dose edoxaban (3.43 vs. 1.61 %). No significant
difference in the primary efficacy endpoint of stroke/sys-
temic embolism, or the primary safety endpoint of major
bleeding was noted in elderly patients >75 years, com-
pared with those <75 years.

The HOKUSAI VTE Trial compared edoxaban 60 mg
once daily with dose-adjusted warfarin following initial
treatment with heparin for treatment of symptomatic VTE
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[29]. Edoxaban was administered at a reduced dose of
30 mg once daily for patients with a creatinine clearance of
30-50 ml/min or those with a body weight below 60 kg.
Results of the trial showed that edoxaban was non-inferior
to warfarin for prevention of recurrent VTE (HR 0.89,
95 % CI 0.70-1.13). The safety outcome of major/clini-
cally relevant non-major bleeding occurred in 8.5 % of
patients in the edoxaban group and 10.3 % of patients in
the warfarin group (HR 0.81, 95 % CI 0.71-0.94). No
significant difference in safety profile was observed across
different age groups.

2.4 Dabigatran

Dabigatran is a direct thrombin inhibitor that is FDA
approved for treatment and reduction in risk of recurrence
of DVT/PE as well as for prevention of stroke in non-
valvular AF.

The RE-LY (Randomized Evaluation of Long-Term
Anticoagulation Therapy) trial, which compared dabigatran
110 or 150 mg BID with dose-adjusted warfarin, showed
that dabigatran 150 mg BID was superior to warfarin for
reduction of the risk of stroke or systemic embolism (RR
0.66, 95 % CI 0.53-0.82), while dabigatran 110 mg BID
was non-inferior to warfarin in reducing the risk of stroke
or systemic embolism (RR 0.91, 95 % CI 0.74-1.11) [30].
However, dabigatran 110 mg BID was associated with a
lower risk of major bleeding compared with warfarin (2.87
vs. 3.57 %; P = 0.002), while dabigatran 150 mg BID was
associated with a similar risk of major bleeding (3.31 vs.
3.57 %; P = 0.32). Both doses of dabigatran demonstrated
a reduction in ICH compared with warfarin [31]. Forty
percent of patients in the RE-LY trial were aged
>75 years. The event rates of both stroke/systemic embo-
lism as well as anticoagulant-associated bleeding were
higher in elderly patients aged 75 years and above. In
elderly patients, the efficacy of both doses of dabigatran for
stroke prevention was similar to that observed in patients
aged <75 years (P-interaction 0.81). However, the risk of
bleeding with dabigatran versus warfarin was significantly
higher for both doses of dabigatran in elderly patients (HR
1.18, 95 % CI 0.98-1.42, for 150 mg BID and HR 1.01,
95 % CI 0.83-1.23, for 110 mg BID) compared with
younger patients (HR 0.70, 95 % CI 0.57-0.86, for 150 mg
BID and HR 0.62, 95 % CI 0.5-0.77, for 110 mg BID)
[31]. This implied that the risk of bleeding with dabigatran
increased significantly with advancing age, compared with
the risk of bleeding with warfarin. A similar steep rise in
the incidence of dabigatran-associated bleeding was
observed in very elderly patients aged 80 years and above
(HR 1.35, 95 % CI 1.03-1.77, for 150 mg BID and HR
1.13, 95 % CI 0.85-1.5, for 110 mg BID) [32]. Further
analysis showed that in elderly patients aged 75 years and

A\ Adis

above, the risk of ICH was lower with both doses of
dabigatran (110 mg BID/150 mg BID) in comparison with
warfarin (0.37/0.42 % per year vs. 1 %), but the risk of
extracranial bleeding was higher with dabigatran (4.1/
4.7 % per year vs. 3.4 %) [31].

The RE-COVER I, RE-COVER II and RE-MEDY trials
evaluated the efficacy and safety of dabigatran versus
standard therapy with heparin or LMWH/VKA for treat-
ment of VTE. Limited data are available on outcomes for
elderly patients in these trials.

2.5 Evidence from Meta-Analyses

Two major meta-analyses of RCTs have investigated the
efficacy and safety of NOACs in elderly patients aged
75 years and above.

1. Our first analysis (Sardar et al. [16]) included pooled
data from ten RCTs involving the first three FDA
approved NOACs: dabigatran, rivaroxaban and apix-
aban [16]. Analysis revealed that the risk of stroke and
systemic embolism was significantly lower with
NOACSs than conventional therapy or pharmacologi-
cally active agents [3.3 vs. 4.7 %; odds ratio (OR)
0.65, 95 % CI 0.48-0.87; absolute risk reduction
(ARR) 1.4 %, number needed to treat (NNT) 71].
NOAC use also resulted in a significantly lower risk of
VTE or VTE-related death than conventional therapy
(3.7 vs. 7.0 %; OR 0.45, 95 % CI 0.27-0.77; ARR
3.3 %, NNT 30) and pharmacologically active agents
(3.9 vs. 6.6 %; OR 0.61, 95 % CI 0.45-0.81; ARR
2.6 %, NNT 38) [16]. For the safety analysis, we found
that there was no significant difference in the risk of
major or clinically relevant bleeding between NOACsSs
and conventional therapy in individuals aged 75 years
and older (6.4 % with NOAC vs. 6.3 % with conven-
tional anticoagulants; OR 1.02, 95 % CI 0.73-1.43).
On subgroup analysis according to type of conven-
tional anticoagulant, we observed that there was no
increased risk of bleeding with NOACs compared with
both warfarin (6.5 vs. 7.1 %; OR 0.76, 95 % CI
0.51-1.12) and LMWH/LMWH followed by VKA (6.9
vs. 5.3 %; OR 1.27, 95 % CI 0.54-2.98). On subgroup
analysis according to type of NOAC, we found that
compared with conventional therapy, there was no
increased risk of major or clinically relevant bleeding
with rivaroxaban (OR 1.18, 95 % CI 0.64-2.19) or
apixaban (OR 0.80, 95 % CI 0.43-1.51) in elderly
patients. However, safety data on dabigatran was more
limited (OR 1.07, 95 % CI 0.90-1.28) [16].

2. Another recent meta-analysis (Sharma et al. 2015)
included pooled data from 11 RCTs involving all four
NOAC:s in elderly patients aged 75 years and above
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[33]. The results of this study showed that each NOAC
was at minimum as effective as VKA in reducing the
risk of stroke or systemic embolism in AF, as well as
recurrent VIE in VTE. In patients with AF, a
significant benefit in reducing the risk of stroke or
systemic embolism in comparison with VKA was
observed for dabigatran 150 mg (OR 0.66; 95 % CI
0.49-0.90) and apixaban (OR 0.70; 95 % CI
0.52-0.93). Overall efficacy of NOAC:s in the elderly
was similar to that of the total trial population. A
significant reduction in the risk of major bleeding in
comparison with VKA was observed in elderly
patients for apixaban (OR 0.63, 95 % CI 0.51-0.77),
edoxaban 60 mg (OR 0.81, 95 % CI 0.67-0.98) and
edoxaban 30 mg (OR 0.46, 95 % CI 0.38-0.57).
Dabigatran 150 mg showed a non-significant, higher
risk of major bleeding in comparison with VKA in
elderly patients (OR 1.18, 95 % CI 0.97-1.44).
However, risk of major bleeding was similar to VKA
with the dabigatran 110-mg dose. Data on gastroin-
testinal bleeding in elderly patients were reported only
for dabigatran. Analysis revealed that risk of gastroin-
testinal bleeding was significantly higher with dabiga-
tran 150 mg (OR 1.78, 95 % CI 1.35-2.35) and
110 mg (OR 1.40, 95 % CI 1.04-1.90) in comparison
with VKA. However, in the total population, increased
risk of gastrointestinal bleeding was seen with dabi-
gatran 150 mg, but not 110 mg. A similar increased
risk was also observed with rivaroxaban and edoxaban
60 mg in the total population. In elderly patients, a
significant reduction in the risk of ICH in comparison
with VKA was observed for dabigatran 150 mg (OR
0.43, 95 % CI 0.26-0.72), dabigatran 110 mg (OR
0.36, 95 % CI 0.22-0.61) and apixaban (OR 0.38,
95 % CI 0.24-0.59). A non-significant reduction in
ICH was also observed for rivaroxaban, whereas data
were not available for edoxaban in the elderly. In
comparison with VKA in elderly patients, there was a
reduced risk of clinically relevant bleeding with
apixaban (OR 0.64, 95 % CI 0.54-0.76), while there
was a reduced risk of fatal bleeding observed with
rivaroxaban (OR 0.53, 95 % CI 0.30-0.93). Rates of
clinically relevant bleeding and fatal bleeding with
other NOACs were not significantly different from
VKA [33].

3 Discussion

The absolute incidence of both thrombotic and bleeding
events increases with advancing age, making anticoagula-
tion therapy in elderly patients a double-edged sword. It

involves a delicate balancing act between maintaining the
benefits of thromboembolism prevention while harboring
the risks of increased bleeding in a population of patients
already burdened with numerous comorbidities. However,
current evidence suggests that the overall benefits of anti-
coagulation outweigh the risks, even in elderly patients
who are at a higher risk of bleeding or falls [34]. While it is
prudent to proceed with caution in elderly patients, age by
itself should not be a reason to avoid antithrombotic ther-
apy. Special considerations that need to be kept in mind
when prescribing NOACs to elderly patients have been
described below.

3.1 Bleeding Risks with NOACs in the Elderly

Results from RCTs and evidence from meta-analyses have
shown that NOACs are more effective than warfarin for the
purpose of anticoagulation in elderly patients (aged
>75 years) with AF and VTE. However, despite their
similar efficacy in elderly patients, the NOACs carry a
safety profile that is characteristically different from war-
farin. Dabigatran 150 mg was shown to carry a non-sig-
nificant higher risk of major bleeding in the elderly
population in comparison with warfarin, despite having a
statistically significant lower risk of major bleeding in the
total population with the 110-mg regimen. Apixaban and
edoxaban have both been shown to have a lower risk of
major bleeding than warfarin in elderly patients [33]. There
is no evidence to suggest that NOAC use in elderly patients
predisposes patients to a higher risk of fatal bleeding in
comparison with warfarin. Current evidence suggests that
gastrointestinal bleeding rates are higher with rivaroxaban,
edoxaban 60 mg and dabigatran 150 mg in all age groups
combined. However, in elderly patients aged 75 years and
above, risk of gastrointestinal bleeding appears to be sig-
nificantly higher for both doses of dabigatran (150 and
110 mg). Higher concentrations of the active form of
dabigatran may be found locally in the gastrointestinal tract
from metabolism of the pro-drug dabigatran etexilate by
esterases in the gut flora. With advancing age, there is a
higher incidence of gastrointestinal tract pathology such as
diverticulosis and angiodysplasia in elderly patients [35].
There is an increased risk of bleeding from these diseased
areas by direct exposure to dabigatran. Moreover, higher
systemic drug concentrations of dabigatran from age-re-
lated decline in renal function and drug clearance could
also account for the increased bleeding risk observed in
elderly patients.

ICH is one of the most devastating complications of
anticoagulation therapy and carries a high burden of mor-
bidity and mortality. All four NOACs have been shown to
carry a reduced risk of ICH in comparison with warfarin
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[36]. Current evidence suggests that this benefit is pre-
served in the elderly population as well, despite their
greater susceptibility to falls and head trauma.

3.2 Renal Insufficiency in Elderly Patients

There is progressive pathophysiologic decline in renal
function seen with advancing age, which directly affects
the pharmacokinetics of numerous drugs. This becomes
extremely relevant in elderly patients on anticoagulation
therapy with novel agents because all NOACs are elimi-
nated by the kidneys to different extents. Moreover, elderly
patients frequently develop acute changes in their kidney
function due to decreased fluid intake and water loss,
infections, use of multiple medications, etc. Accurate
estimation of the patient’s creatinine clearance using the
Cockroft-Gault formula and close monitoring of the
patient’s renal function is recommended. Subsequent dose
adjustment for NOACs according to changes in renal
function needs to be made to avoid toxicity. The FDA
recommendations for dose adjustments according to renal
function for NOACs are shown in Table 1. Of note, severe
renal impairment was a strict exclusion criterion in most of
the clinical trials involving NOACs. For example, patients
with a creatinine clearance of <30 ml/min were excluded
from RE-LY, ROCKET AF and ENGAGE AF-TIMI 48
trials, while patients with a creatinine clearance of <25 ml/
min were excluded from ARISTOTLE and AVERROES
trials. Lower bleeding rates observed with NOACs in RCTs
may be partly due to exclusion of patients with advanced
kidney disease. In general, it is advised not to prescribe
NOAC:S in elderly patients with severe renal impairment, as
there is a paucity of data regarding the absolute safety of
NOAGC:S in this setting.

3.3 Drug Interactions

One major advantage of NOACs over warfarin is that
NOACS have fewer drug—drug and drug—food interactions.
This is particularly relevant in elderly patients who are
frequently prescribed multiple medications, which increa-
ses the likelihood of adverse reactions. However, few rel-
evant drug interactions with NOACs have been described
in the medical literature.

The metabolism and excretion of rivaroxaban is modu-
lated by the enzymes CYP3A4, CYP2J2, P-glycoprotein
(P-gp) and breast cancer resistance protein ABCG2. Stud-
ies have shown that rivaroxaban should not be adminis-
tered with combined CYP3A4, P-gp and ABCG2 inhibitors
such as antimycotics and HIV protease inhibitors, which
can predispose patients to rivaroxaban toxicity and major
bleeding [37]. P-gp is a drug efflux pump involved in the
metabolism of a number of xenobiotics and its activity is
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modulated by a variety of drug and food components [38].
All four NOAC:s are substrates for P-gp. Moreover, P-gp—
modulating drugs are commonly given to elderly people
with AF, which can directly affect the pharmacokinetic
activity of NOACS in these patients and increase the risk of
adverse effects.

3.4 Risk of Falls in the Elderly

One of the major concerns of avoiding anticoagulation in
elderly patients is the risk of falls [39]. There is evidence
that AF itself is an independent risk factor for non-acci-
dental falls in elderly patients [40]. As a lot of elderly
patients with AF are on chronic anticoagulation therapy,
these patients are at a significantly higher risk of devel-
oping catastrophic events such as major bleeding and ICH
following falls. Although this risk remains irrespective of
whether the patients are anticoagulated with NOACs or
warfarin, NOAC activity is difficult to monitor and treat,
thereby making NOAC-associated falls challenging to
manage. This should be kept in mind when deciding the
appropriate anticoagulation regimen for the patient after
carefully assessing risks and benefits of therapy.

3.5 Dementia in Elderly Patients

It is well known that elderly patients, especially those with
dementia, have difficulty managing multiple medications
taken at different times throughout the day. Unfortunately,
polypharmacy is fairly common in the geriatric population.
While rivaroxaban and edoxaban are once a day medica-
tions, apixaban and dabigatran have to be taken twice daily,
making it likely that elderly patients will be less compliant
with this dosing regimen. It is difficult to monitor the anti-
coagulant activity of NOACs with common laboratory tests.
Moreover, NOACs have a short half-life, which implies that
missing a dose significantly raises the risk of developing an
embolic event. One major advantage of warfarin in this
setting is that it is taken once daily and its activity can be
readily measured by checking INR Ievels. Dose adjustments
can be made accordingly to maintain a therapeutic INR
without predisposing to embolic risks if a dose is missed.

3.6 Monitoring of NOAC Activity

While the anticoagulant activity of warfarin can easily be
monitored by measuring the INR, it is not a useful test to
gauge the anticoagulant effects of NOACs. This is because
the INR test is calibrated for use with VKA only and INR
levels do not provide a linear correlation with NOAC
concentration and effects. As rivaroxaban, apixaban and
edoxaban are direct inhibitors of factor Xa, the anti-factor
Xa assay is the most sensitive method of monitoring their
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Table 1 FDA-recommended dose adjustments for NOAC use in the setting of renal impairment

NOAC CrCl (ml/min) Dose adjustment
Rivaroxaban 15-50 Decrease dose to 15 mg PO daily
<30 Contraindicated for DVT prophylaxis only
<15 Contraindicated
Dabigatran ~ Mild to moderate renal No dose adjustment required, continue 150 mg PO BID
impairment with CrCl >30
15-30 Decrease dose to 75 mg PO BID
<15 No recommendations available
Apixaban Any renal impairment No recommended dose adjustments for patients with renal impairment alone, including those

with end-stage renal disease maintained on hemodialysis. However, there is a recommended
dose adjustment to 2.5 mg PO BID for those patients with any two or more of the following:
age >80 years, body weight <60 kg or creatinine >1.5 mg/dl

Edoxaban >905
15-50

<15 Not recommended

Contraindicated in patients with non-valvular atrial fibrillation and CrCl >95 ml/min
Decrease dose to 30 mg PO daily

BID twice daily, CrCl creatinine clearance, DVT deep vein thrombosis, FDA Food and Drug Administration, NOAC novel oral anticoagulant, PO

oral

anticoagulant activity [41]. Tests that can be used to detect
dabigatran activity include activated partial thromboplastin
time (aPTT) and the more sensitive ecarin clotting time
(ECT) [42].

3.7 Management of NOAC-Associated Bleeding

In contrast to warfarin, NOAC-associated bleeding can be
difficult to manage because of the absence of commonly
available drug-specific antidotes that can rapidly reverse
the anticoagulant effects. General resuscitation measures
including emergency management of an unstable patient
with administration of fluids and blood products should
always be the first step in management of NOAC-associ-
ated bleeding.

Prothrombin complex concentrates (PCC) had previously
been suggested as potential agents to help in NOAC reversal,
but specific data regarding their efficacy are lacking [43].
Recently, idarucizumab, a monoclonal antibody fragment
that binds free and thrombin-bound dabigatran, therein
neutralizing its activity, was developed to reverse the anti-
coagulant effects of dabigatran. The RE-VERSE AD (Rev-
ersal Effects of idarucizumab on Active Dabigatran) study
showed that 5 g idarucizumab administered intravenously
rapidly and completely reversed the anticoagulant effect of
dabigatran in 88-98 % of the patients who had elevated
clotting times at baseline [44]. This led to idarucizumab
becoming the first FDA approved NOAC-specific reversal
agent. Unfortunately, the drug is not commonly available yet
in most medical centers throughout the country. There is also
uncertainty regarding the clinical utility of idarucizumab, as
the median time for hemostasis in the RE-VERSE AD study
was 114 h in patients who had severe bleeding.

Andexanet alfa (andexanet), a recombinant modified human
factor Xa decoy protein, was developed as a specific reversal
agent designed to neutralize the anticoagulant effects of both
direct and indirect factor Xa inhibitors. Results of the
ANNEXA-A (apixaban) and ANNEXA-R (rivaroxaban)
trials were recently published and showed that andexanet
reversed the anticoagulant activity of apixaban and
rivaroxaban in older healthy participants within minutes
after infusion, without evidence of clinical toxic effects [45].
These results are promising, and effective reversal agents for
all NOACs may soon become commonly available, which
will encourage more physicians to prescribe NOACS in
elderly patients. However, in day to day clinical practice
today, reversal of NOAC effect mostly relies on the short
half-lives of these novel agents (5-17 h), which ensures
rapid reductions in anticoagulant levels with time in patients
who do not have concomitant renal or hepatic dysfunction.
Because of its high renal clearance, dabigatran is the only
NOAC that can be effectively removed from circulation with
dialysis. After initial resuscitation, site-specific interven-
tions such as gastrointestinal endoscopy, computerized
tomography angiography and surgery may eventually be
required to achieve hemostasis.

4 Recommendations for Clinical Practice

Current evidence supports anticoagulation with NOACs in
elderly patients. Despite their proven benefits, NOACs in
elderly patients should be initiated with caution due to the
complex management of NOAC-associated bleeding.
Every effort should be taken to minimize these risks in
elderly patients. Dabigatran should be avoided in elderly
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patients who have a history of and/or are at a greater risk
for gastrointestinal bleeding, as recent data suggests that
both doses of dabigatran are associated with a higher risk
of gastrointestinal bleeding in the geriatric population [33].
However, data on the other NOACs with respect to gas-
trointestinal bleeding in elderly patients are lacking, and
therefore no official recommendations have been made by
the FDA in this clinical setting. In elderly patients with AF,
objective criteria for calculating the risk of stroke (such as
the popular CHADS,VASC system) as well as the risk of
bleeding (e.g., the HEMORR,HAGES score and the HAS-
BLED score) can be used to help in deciding anticoagu-
lation therapy [9]. This can be done on a case by case basis,
and an individualized antithrombotic regimen can be cre-
ated for patients with different baseline characteristics and
comorbid medical conditions. Individuals with a higher
calculated stroke risk benefit the most from anticoagula-
tion. Patients in whom the calculated risk of bleeding
clearly outweighs the risk of stroke should be advised
against anticoagulation therapy. However, individual
preference is an important factor to take into consideration
and an informed decision should be made together with the
patient after explaining both the risks and benefits of
therapy.

In collaboration with the patient’s primary care
physician and/or geriatrician, an extensive evaluation
should be performed prior to initiation of NOAC ther-
apy, investigating the patient’s level of independence,
cognitive function, mobility level, risk of falls and
conceivable problems with drug compliance [46]. Input
from the patient’s caregivers is extremely important in
this setting as they will play an active role in helping to
manage the patient’s anticoagulation regimen, while
looking out for early side effects. Use of multiple
medications in elderly patients should be avoided
whenever possible, as these are often prescribed without
proven clinical benefit but considerably increase the
likelihood of adverse drug interactions and also con-
tribute towards medication non-compliance. NOACs
should not be co-administered with medications that
dually inhibit CYP3A4 and P-gp (e.g., ketoconazole,
itraconazole, ritonavir, clarithromycin, etc.).

Many elderly patients on aspirin also take nonsteroidal
anti-inflammatory drugs (NSAIDs) for chronic pain. If
these patients require anticoagulation with a NOAGC, it is
recommended to stop taking NSAIDs and switch to another
analgesic drug to minimize the risk of bleeding. Dose
adjustments for specific NOACs should be made depending
on the patient’s age, body weight and renal function. For
apixaban, the FDA recommends a lower dose (2.5 mg BID
taken orally) in elderly adults with at least one comorbidity
in addition to older age (i.e., those with two or more of the
following: age >80 years, body weight <60 kg and serum
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creatinine >1.5 mg/dl) [3]. Renal function for elderly
patients should be checked prior to initiating therapy with
NOAC:s and then at least once every 8—12 months. More
frequent monitoring of renal function is warranted in
patients who have known kidney disease, when they are
prescribed other nephrotoxic drugs and when they are
suffering from acute illness. Strict adherence to dose
adjustments for creatinine clearance (Table 1) is recom-
mended for all NOACs.

5 Conclusions

NOACSs have emerged as popular alternatives to warfarin
for the purpose of anticoagulation in elderly patients,
given the advantages of convenient oral dosing, more
predictable pharmacokinetic profiles, fewer drug and food
interactions, avoidance of routine monitoring, equal or
superior efficacy and an encouraging safety profile
including significantly lower rates of ICH. Gastrointesti-
nal bleeding remains a concern, particularly with dabi-
gatran use in elderly patients. Current evidence favors the
use of NOACS in elderly patients. However, most of our
evidence regarding the safety of NOACs comes from
RCTs, and to what extent the data from these trials cor-
relate with ‘real world’ patients in day to day clinical
practice remains to be seen. Each NOAC has its own
advantages, unique pharmacokinetics and distinct safety
profile. Unfortunately, there is no uniform therapeutic
algorithm for anticoagulation therapy with NOACs in
elderly patients. The anticoagulation regimen should be
customized for each patient on an individual basis after
taking into consideration multiple factors such as the
patient’s risk of thromboembolic events, risk of bleeding,
comorbid medical conditions, personal preference, finan-
cial liability and parameters such as age, body weight and
renal function.
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