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Abstract. Cardiovascular problems such as atrial fibrillation is a serious and
growing health problem in the global community. The presence of atrial fibrillation
increases the risk of stroke, which in turn has its own problems and impact. Data
have shown that the use of warfarin reduces the risk of stroke in patients with atrial
fibrillation, yet this drug has been historically underutilized due to challenges with
its use.

New oral anticoagulants (NOACs) are easier to use, have a lower risk of major
bleeding, and have been shown to be non-inferior, and in some cases, superior to
warfarin. NOACs have started to replace warfarin as the first choice anticoagulant
in clinical practice. Optimal strategies to reduce stroke and risk of major bleeding
in subsets of atrial fibrillation patients undergoing Percutaneous Coronary Inter-
vention (PCI) and ablation will continue to evolve. When evaluating patients with
AF, care should be taken to address the risk of stroke and provide recommendations
on the use of anticoagulation to reduce it.

As atrial fibrillation becomes the most prevalent arrhythmia that is associated
with an increased risk of ischemic stroke, stroke prevention is crucial for man-
agement of atrial fibrillation patients. The NOACs, such as dabigatran, rivarox-
aban, apixaban and edoxaban, are at least as effective as warfarin in reducing
ischemic stroke with a lower rate of major bleeding. This review article provides
evidence on the performance of NOACs in AF patients with different clinical
conditions. Despite the evidence from recent trials, further research is necessary
for patients undergoing PCI, bioprosthetic valve replacement, transcatheter aortic
valve intervention, mitraclip and for those requiring long-term antiplatelet therapy
over anticoagulation.

Keywords: Stroke Prevention · Anticoagulant · Cardiovascular Problem · Atrial
Fibrillation

1 Introduction

Cardiogenic cerebral embolism is responsible for approximately 20% of all ischemic
stroke events. There is a history of nonvalvular atrial fibrillation in about 50% of all
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cases, then a history of valvular heart disease in about 25% and due to mural thrombus
in the left ventricle in the remainder [1, 2].

Fibrillation is a supraventricular tachyarrhythmia characterized by uncoordinated
activation with consequent deterioration of atrial mechanical function. On electrocar-
diographic (ECG) examination, atrial fibrillation is characterized by a consistent alter-
nation of waves with oscillatory or fibrillatory waves that vary in amplitude, shape and
timing, and are all associated with an irregular, often rapid ventricular response dur-
ing atrioventricular (AV) conduction still intact [3]. The ventricular response to atrial
fibrillation depends on the electrophysiological examination of the AV node and other
conducting tissues, the level of vagal and sympathetic tone, the presence or absence of
accessory conduction pathways, and the action of the drug [4]. Atrial fibrillation in the
regular cardiac cycle (R-R interval) can occur in the presence of AV block, ventricu-
lar tachycardia or AV junctional. In patients with pacemakers, the diagnosis of atrial
fibrillation requires temporary inhibition of the pacemaker [5]. The presence of rapid,
irregular, continuous tachycardia, a widened QRS complex, is a strong feature of atrial
fibrillation with excessive conduction in the accessory pathway or atrial fibrillation with
underlying bundle-branch block, as well as the presence of an extreme mean velocity
frequency (>200 x/min) indicates the presence of an accessory pathway or ventricular
tachycardia.

Atrial fibrillation is the most common continuous heart rhythm disorder, and its inci-
dence increases with age, and is often associated with structural heart disease, although
most patients have no detectable heart disease. Hemodynamic disturbances and throm-
boembolic events due to atrial fibrillation are significantly associated with morbidity,
mortality and costs [6]. Patients with atrial fibrillation, a history of previous stroke or TIA
are at increased risk for stroke, and there is controversy over whether to administer intra-
venous heparin or a non-vitamin K antagonist oral anticoagulant (NOAC). Non-vitamin
K antagonist oral anticoagulant (NOAC) is currently considered by several atrial fibril-
lation guidelines worldwide as the preferred anticoagulant for preventing stroke in atrial
fibrillation patients [7–10].

The term NOAC is still used today by the European Society of Cardiology (ESC)
Atrial Fibrillation Guidelines [10], and is widely recognized. Although some literature
refers to these drugs as direct oral anticoagulants (DOACs) [11], however, in this review,
the term Non-Vitamin K antagonist oral anticoagulant (NOAC) is still used. Finally,
the two terms are understandable, referring to the direct factor Xa inhibitors, namely
apixaban, edoxaban, and rivaroxaban, aswell as the direct thrombin inhibitor, dabigatran.

NOAC has a better efficacy/safety ratio, and a predictable anticoagulant effect with-
out the need for routine coagulation monitoring [12, 13]. However, the proper use of
NOAC requires careful and careful consideration. Each available NOAC will be accom-
panied by instructions for appropriate use in clinical situations which are also explained,
for example a summary of product characteristics and also information leaflets for
patients and doctors, however, there are often differences in each country, and this can
sometimes cause confusion, so it is necessary to clarify.

In addition, there are still some inaccurate uses of NOAC, related to side effects and
interactions with other drugs, however, this drug is still relevant for use by specialists in
heart and blood vessel disease, neurologists, specialists in internal medicine, geriatric
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consultants, and general practitioners in practice daily. Therefore, the European Heart
RhythmAssociation (EHRA) coordinates in an integratedmanner to provide information
to doctors about the use of NOAC in the form of a practical guide (Practical Guide). The
first edition of the practical guide was published in 2013 [14], then the first update was
carried out in 2015 [15], then the new version was revised in 2018 [16, 17]. The purpose
of publishing the EHRA Practical Guide is to provide support for the safe and effective
use of NOAC in daily practice, so that it will further complement the guidelines of the
European Society of Cardiology (ESC) and other international guidelines, especially on
scientific evidence of atrial fibrillation therapy with anticoagulants. General, and NOAC
in particular [7–10].

The purpose of writing this review is to provide understanding to doctors regarding
ischemic stroke prevention with anticoagulation in atrial fibrillation patients.

2 Epidemiology of Ischemic Stroke Associated Atrial Fibrillation

The incidence of ischemic stroke due to atrial fibrillation is 1–2% per year in patients
treated with Non-Vitamin K Antagonist Oral Anticoagulant (NOAC). In patients with
atrial fibrillation, although the patient’s level of adherence to therapy is good, stroke
can still occur because the concentration of NOAC in the plasma cannot be optimal,
and this correlates well with the severity of stroke, as well as the INR value in patients
with vitamin K antagonists (VKA) and great vessel occlusion [18]. There are case series
reports and observational studies that reveal adequate doses of NOAC at the onset of
ischemic stroke are associated with less severity and better outcomes compared to stroke
patients without non-anticoagulant therapy with risk factors for atrial fibrillation [19,
20]. Intracerebral hemorrhage accounts for 8–15% of all stroke events in Europe and the
United States, and 15–25% of all patients with intracerebral hemorrhage are associated
with oral anticoagulant drugs [21, 22]. There are several randomized controlled trials
that report the incidence of intracerebral hemorrhage ranging from 0.13–0.37% per year
in atrial fibrillation patients treated with NOAC, while the incidence of intracranial
hemorrhage (including subarachnoid, epidural and subdural hemorrhage) is in the range
of 0.23–0.55% per year [23–27].

It was reported in a retrospective analysis of the Guidelines-Stroke in the United
States and the Japanese national database, that a better outcome was found with NOAC
therapy than with VKA, and this result contrasts with previous studies that used the same
outcome but with a mortality rate of 25–40%. After NOAC therapy and is associated
with intracerebral hemorrhage [28, 29]. All stroke patients treated with NOAC need an
explanation from a stroke consultant or neurologist to decide the best therapy that can
be given.

3 Use of CHA2DS2-VASC to Assess Stroke Risk Factors

Despite its simplicity, the CHADS2 score does not cover many of the common stroke
risk factors, and this makes it limited [30, 31]. Even patients classified as low risk
by CHADS2 in the original validation study had a mean stroke rate of 1.9% per year
[32]. It was reported that patients with a CHADS2 score of 0 were not all at low risk,
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even though the decision to give anticoagulation or not was only based on a CHADS2
score of 0 (a category recommended not to give antithrombotics or aspirin according to
guidelines), and this may not avoid the occurrence of stroke due to thromboembolism
in atrial fibrillation patients [33].

Data from cohort studies around the world provide information that independent
predictive values of female sex, age 65 to 74 years, and vascular disease are proven
risk factors for stroke [33, 34]. Whereas it is known that congestive heart failure (C
in CHADS2) is not a consistent risk factor for stroke [34], while moderate to severe
increase in systolic blood pressure is an independent risk factor [35].

Because several risk factors must be paid more attention to, the CHA2DS2-VASc
score has been added to which several risk factors have been added (Table 1), with scores
ranging from 0 to 9 [37]. The CHA2DS2-VASc further clarifies the importance of age
75 years as an additional single risk factor for stroke with a score of 2 points, and this

Table 1. Assessment of stroke risk factors (CHA2DS2-VASc)36 and bleeding risk (HAS-
BLED)37 in atrial fibrillation patients

CHA2DS2-VASc Score HAS-BLED Score

– Congestive heart failure
– Hypertension
– Age ≥ 75 years
– Diabetes mellitus
– Stroke/TIA/Thromboemboli
– Vascular disease (prior MI, PAD, or
aortic plaque)

– Aged 65–74 years
– Sex category (female)

1
1
2
1
2
1
1
1

– Hypertension (TDS > 160 mm Hg)
– Abnormal renal and liver function*
(1 point each)

– Stroke
– Bleeding tendency/predisposition*
– Labile of INR (jika dengan
warfarin)*

– Elderly (>65 tahun)
– Drugs or alcohol (1 point each)*

1
1 or 2
1
1
1
1
1 or 2

Maximum Score ….. Maximum Score …..

Notes:
TIA: transient ischemic attack; TE: thromboembolic; INR: international normalized ratio; MI:
myocardial infarction; dan PAD: peripheral artery disease.
– CHA2DS2-VASc score 0: recommends no antithrombotic therapy
– CHA2DS2-VASc score 1: recommends antithrombotic therapy with antiplatelet or oral
anticoagulants, but oral anticoagulants are preferred.
– CHA2DS2-VASc score 2: recommend oral anticoagulants. [38]
– HAS-BLED score 3 indicates that caution is required when prescribing oral anticoagulants and
routine examination is recommended. [38]
*Classified as abnormal kidney function is if the patient is on chronic dialysis, kidney transplan-
tation, or serum creatinine 200 mmol/L.
*Abnormal liver function was defined as chronic liver disease (eg cirrhosis) or biochemical evi-
dence of significant hepatic impairment (bilirubin 2 to 3 times the upper limit of normal, associ-
ated aspartate aminotransferase/alanine aminotransferase/alkaline phosphatase 3 times the upper
limit of normal, etc.).
*Bleeding history or predisposition (anemia), labile INR (ie, time in therapeutic range < 60%).
* Concurrent use of antiplatelet or nonsteroidal anti-inflammatory drugs, or excessive alcohol
consumption.
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shows that age is not a phenomenon with a simple “yes or no” answer because the risk of
stroke increases with age, especially from 65 years and over [34, 39]. The CHA2DS2-
VASc also combines vascular disease, including myocardial infarction, aortic plaque,
and peripheral vascular disease, and an increased risk of stroke in women with atrial
fibrillation [34].

4 Use of HAS-BLED to Assess Bleeding Risk in Patients with Atrial
Fibrillation

The abbreviation HAS-BLED represents each risk factor for bleeding and is assigned
1 point if there are these risk factors, namely hypertension with uncontrolled systolic
blood pressure> 160 mmHg, abnormal kidney and/or liver function, history of previous
stroke, history or predisposition to bleeding, unstable international normalized ratios
(INR), advanced age, and excessive drug and/or alcohol consumption [37]. The HAS-
BLED score ranges from 0 to 9, and a score > 3 indicates a high risk of bleeding, and
is recommended for be careful and check regularly. Based on validation by Euro Heart
Survey [37], reported that the predictive accuracy of theHAS-BLEDscorewas compared
with other bleeding risk scores, e.g. HEMORR2HAGES [40], with C statistics are 0.72
and 0.66, respectively. In an analysis among patients who did not receive antithrombotic
or antiplatelet therapy, HAS-BLED showed better accuracy in predicting the risk of
major bleeding (with C statistics 0.85 and 0.91, respectively). The HAS-BLED score
has also been validated in several different cohort studies, including large population
clinical trials, such as the European Consensus Document [41]. Overall, the HAS-BLED
score predicts bleeding better than other bleeding risk scores [42].

In addition, the advantage of the HAS-BLED score over other bleeding risk scores is
that it is easier to use and its components consist of clinical information that is routinely
obtained from patients before therapy is started (except for INR values), so that the
HAS-BLED is easier to apply clinically.

HAS-BLED should not be used alone to justify a patient not being given oral antico-
agulant therapy, however, a clinician should identify risk factors for bleeding and correct
modifiable risk factors, namely by controlling blood pressure, delaying antiplatelet ther-
apy or administering anti-inflammatory drugs. Concomitant non-steroidal drugs, and
advise the patient to stop drinking alcohol. Therefore, the bleeding risk assessment with
the HAS-BLED score should not be used as a reason not to give oral anticoagulants, but
rather to encourage doctors to be more careful and advise patients to continue taking
medication and have regular check-ups.

5 Eligibility of Non-Vitamin K Antagonist Oral Anticoagulant
(NOAC)

NOAC has been approved for stroke prevention therapy in patients with non-valvular
atrial fibrillation, and has passed aPhase III clinical trialwith aRandomizedClinical Trial
(RCT). Because of its consistent efficacy and safety, the indications for NOAC therapy
were extended to patients eligible for anticoagulant therapy based on the CHA2DS2-
VASc score (Table 2).
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Table 2. Indications and contraindications for NOAC in patients with atrial fibrillation

Condition NOAC Eligibility Notes

Mechanical prosthetic valve Contraindications Excluded from RCTs, data show
poorer outcome. [46, 47]

Moderate to severe mitral
stenosis (usually rheumatic)

Contraindications Excluded from RCTs, few
reasons for lower efficacy and
safety than VKA

Other mild to moderate
valvular disease, eg,
degenerative aortic stenosis,
mitral regurgitation, etc.

Included in the NOAC
trial

Overall efficacy and safety data
are consistent with patients
without valvular heart
disease.[44, 48–53]

Bio-prosthetic valve/valve
repair

Acceptable Single RCT showed no
inferiority to VKA.54 Patients
without atrial fibrillation are
usually given ASA after
3–6 months postoperatively, so
NOAC therapy can be given to
prevent stroke if atrial fibrillation
is diagnosed.

Severe aortic stenosis Limited data (except on
RE-LY)

There is no pathophysiological
reason for low efficacy and
safety, most will undergo
intervention

Trans-catheter aortic valve
implantation

Acceptable Single RCT + observational
data, may require combination
with antiplatelet. [55, 56]

Percutaneous transluminal
aortic valvuloplasty

Carefully No prospective data, may require
combination with antiplatelet

Cardiomyopathic hypertrophy Acceptable No reason for lack of efficacy
and safety vs VKA, positive
observational data for NOAC.
[57–60]

To avoid confusion, the use of the term non-valvular is strongly discouraged by the
European Society of Cardiology (ESC) guidelines on the management of patients with
atrial fibrillation, and references are made to specific underlying valvular heart disease
[10, 43, 44]. However, the term is still unclear. Found in the brochures of individual
NOAC products, as these were the original terms used in the RCT exclusion criteria
on which the regulatory approvals were based. The term non-valvular atrial fibrillation
refers to atrial fibrillation without a mechanical prosthetic heart valve or moderate to
severe mitral stenosis, usually from rheumatic heart disease (Table 2) [10, 44, 45], being
the exclusion criteria for all phase III trials of administration NOAC vs. warfarin in atrial
fibrillation.
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However, there have been no RCT studies reporting that NOAC is less efficacious in
patients with rheumatic mitral stenosis, nor is there a rational basis for comparing dif-
ferences in response between NOAC and VKA. Currently INVICTUS 9iis investigating
the use of VKA, rivaroxaban and aspirin in patients with rheumatic heart disease. So
that until the study is completed, patients should still be given VKA as standard therapy.

However, if therapywithVKA is really not possible, for example there is nomonitor-
ing tool or the INR value is unstable, then the use of NOAC can be an option, but doctors
should evaluate it carefully, given the lack of research on this matter, and doctors still
have to consider the factors of safety and effectiveness, and of course with the consent
of the patient regarding the off-label use of NOAC.

In patients with atrial fibrillation with a valvular etiology, such as severe mitral
stenosis undergoing mechanical mitral valve replacement, NOAC therapy should be
avoided and patients should be given VKA for stroke prevention [46, 47]. In patients
with degenerative valvular heart disease in phase III studies, It was reported that NOAC
demonstrated comparable efficacy and safetywithwarfarin in valvular patients compared
with those without valvular disease, except for a higher bleeding risk with rivaroxaban
versus warfarin in a post hoc analysis of Rivaroxaban Once Daily Oral Direct Factor Xa
InhibitionComparedwithVitaminKAntagonism forPreventionofStroke andEmbolism
Trial in Atrial Fibrillation (ROCKET-AF) [44, 48–53, 57]. Therefore NOAC can be used
in patients with atrial fibrillation, and mostly for valvular heart disease (Table 2) [10,
44].

Until now, the administration of oral anticoagulants in patients with atrial fibrillation
and biologic valves or after valve repair is still controversial, although these patients were
included as subjects of several NOAC studies [44, 48, 50, 51]. In the Rivaroxaban for
Valvular Heart Disease andAtrial Fibrillation (RIVER) study), reported that rivaroxaban
was not inferior to warfarin in terms of the mean time to the combined end point of
mortality, major cardiovascular events, or major hemorrhage in a 12-month follow-up of
1005 patients with atrial fibrillation or flutter who underwent mitral valve replacement
bioprosthetics [54].

Edoxaban was also not inferior in terms of efficacy and safety in a study of 220
patients in the Efficacy and Safety trial of edoxabaN in Patients After Heart Valve Repair
or Bioprosthetic valve Replacement (ENAVLE), and NOAC is the drug of choice for the
management of atrial fibrillation, especially 8 to 12 weeks after surgery.

In patients after transcatheter aortic valve implantation (TAVI), who have indications
for therapy with anticoagulants, for example in patients with atrial fibrillation, there was
an RCT of 157 patients comparing oral anticoagulants alone with a combination of oral
anticoagulants and clopidogrel, reported that oral anticoagulants alone more beneficial
in terms of reducing the risk of bleeding without ignoring ischemic events [55]. Greater
advantages were reported for the use of NOAC over VKA in this study, however, this
study was unable to answer several controversial questions. Based on observational data,
it was also found that the rate of thromboembolic events and early bleeding (and all-
cause mortality) was lower in NOAC than in VKA after TAVI, although there may still
be confounding factors [56, 62].
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There are ongoing studies on the efficacy and safety of NOAC, namely the Anti-
Thrombotic Strategy to Lower All Cardiovascular and Neurologic Ischemic and Hem-
orrhagic Events after Trans-Aortic Valve Implantation for Aortic Stenosis (ATLANTIS)
[63] and EdoxabaN vs. standard of care and their effects on clinical outcomes in
patients having undergonE Transcatheter Aortic Valve Implantation–Atrial Fibrillation
(ENVISAGE-TAVI) [64]. Monotherapy with oral anticoagulant drugs, including NOAC
may be considered after TAVI in patients with atrial fibrillation, and oral anticoagulants
may not be given to patients without clear indications [65].

In both obstructive and non-obstructive hypertrophic cardiomyopathy, atrial fibril-
lation is associated with high rates of thromboembolism [66, 67]. Although there are
currently no RCT studies, there is increasing evidence from studies showing that NOAC
is safer and more effective [57–60]. There is no mechanistic reason why NOAC is infe-
rior to warfarin in hypertrophic cardiomyopathy, on the other hand atrial fibrillation in
hypertrophic cardiomyopathy has much in common with atrial fibrillation associated
with Heart failure with preserved ejection fraction (HfpEF), i.e. NOAC is not inferior
to VKA [68–70]. In addition NOAC is also more efficacy than VKA in other high-risk
subgroups, for example patients with high CHA2DS2VASc scores. Thus patients with
hypertrophic cardiomyopathy are eligible for NOAC therapy.

NOAC is contraindicated in pregnancy, and if NOAC is to be administered to women
of childbearing age, contraception may be considered. Pediatric patients were excluded
from RCTs for stroke prevention, and the incidence of atrial fibrillation requiring oral
anticoagulation was rare in children. NOAC therapy is not recommended in children,
but may be considered in adolescent adults weighing more than 50 kg.

There are reports of studies on weight-adjusted therapy with rivaroxaban that have
been shown to be safe and effective for children with acute venous thromboembolism
compared with standard anticoagulation given for 3 months. Beneficial as a secondary
therapy for the prevention of venous thromboembolism in children aged 3 months to
18 years [72]. Patients with non-valvular atrial fibrillation and the antiphospholipid syn-
drome were better treated with VKA than NOAC, because the rates of thromboembolic
events and major bleeding were higher with rivaroxaban than with warfarin in these
patients [73].

6 Dose

There are four NOACs currently available with different doses for different indications
and with different dose reduction criteria, making identification of the beard dose more
complicated. Table 3 shows an overview of currently available NOACs and their dosages
in different indications, as well as the relevant dose reduction criteria.

6.1 Time Range on Missed NOAC Dose

The time range for the missed dose from the time the drug should be taken can be taken
until half the time interval that should have taken the drug has elapsed. Therefore for
NOAC on a twice-daily dosing regimen or intake every 12 h, the allowable time range
for the missed full dose may be up to 6 h after the scheduled drug intake. As for NOAC
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Table 3. Oral anticoagulants and approved doses according to indications

Prevention of stroke in patients with atrial fibrillation

NOAC Standard dosage Note/dose reduction

Apixaban24 5 mg (2x/day) 2.5 mg (2×/day) if 2 of 3 are met, i.e. body weight ≤
60 kg, age ≥ 80 years, serum creatinine ≥ 133 mmol/L
(1.5 mg/dL) (or single criterion, ie if creatinine clearance
15–29 mL/min)

Dabigatran23 150 mg (2x/day)/
110 mg (2x/day)

There are no predefined dose reduction criteria in the
phase IIIa trial

Edoxaban74 60 mg (1x/day) 30 mg (1x/day) if weight ≤ 60 kg or creatinine clearance
15–49 mL/min or concomitant therapy with strong
P-glycoprotein (P-Gp) inhibitors

Rivaroxaban75 20 mg (1x/day) 151515g (1x/day) if creatinine clearance ≤
15–49 mL/min

on a once-daily dosing regimen, the allowable time span for the missed full dose can be
administered up to 12 h after the scheduled intake of the drug. After the time allowed for
the intake of the drug has passed, the patient’s schedule of drug intake must be skipped,
and the drug is given according to the next schedule [76].

6.2 Accidental Intake of Drugs with Double Doses

If the patient is inadvertently taking a double dose of the drug, for NOAC on a twice
daily dosing regimen and the patient is on a double intake, then the next planned dose
intake (i.e. after 12 h) can be skipped, and the regular twice daily dosing regimen can be
started. Returned 24 h after the intake of the double dose of the drug. As for NOAC with
a once-daily dosing regimen and the patient accidentally takes a double dose, the patient
should continue the normal dosing regimen, without having to miss the next daily dose
[76].

6.3 Doubts About Dosage Intake

Patients often forget or have doubts about the intake of doses of the drugs they should be
taking, for NOAC with a twice-daily dosing regimen and the patient has doubts about
the intake of these drugs, it is recommended not to use other drugs, but continue with the
regular dosing regimen, i.e. start with subsequent doses at 12 h intervals. As for NOAC
with a once-daily dosing regimen and the patient has doubts about the intake of the dose,
if the risk of thromboembolism is high, i.e. with a CHA2DS2-VASc score of more than
3, it is recommended to take another drug 6–8 h after the proper intake (when the patient
is in doubt). -undecided) and then continue the planned dosing regimen. In cases of low
thromboembolic risk, i.e. CHA2DS2-VASc score less than 2, the patient is advised to
wait until the next scheduled dose [76].
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7 Indications for Anticoagulant Therapy and Choice Between
VKA and NOAC

After the indications for therapy with oral anticoagulants were established, based on
several studies NOAC was found to be preferred over VKA in all atrial fibrillation
patients who were eligible for NOAC administration [9, 10]. When starting therapy
with NOAC, clinicians must understand the renal and hepatic function of these patients,
because all NOACs are eliminated to some extent by the kidneys, and renal function can
affect NOAC dosage. Kidney function in the form of Creatinine Clearance (CrCl) can
be assessed using the Cockcroft-Gault formula as has been used in four phase III trials,
namely;

CrCl (mg/dL) = (140 − age) × BW (kg) × (0, 85 if female)

72 × serum Creatinine (mg/dL)

Indeed, the use of other formulas including theModification of Diet in Renal Disease
(MDRD) and theChronicKidneyDisease - EpidemiologyCollaboration (CKD-EPI) can
overestimate kidney function especially in older patients and in patients who are of low
body weight [77].

8 Bleeding Profile Should Be Checked During Follow Up

The bleeding risk, which can be estimated using the HAS-BLED score, is not in itself a
reason not to give oral anticoagulants to patients with atrial fibrillation who are at risk
for stroke or reduce the dose of NOAC. On the other hand, especially in patients with
a high bleeding risk, such as patients with a HAS-BLED score of more than 3, these
patients should be tested to identify modifiable bleeding risk factors [10, 78], and should
be followed up early and more frequently for a thorough examination [79]. Likewise,
the presence of weakness, decreased cognitive function and the risk of falling, then this
should not be a reason not to give anticoagulants to patients. Comprehensive treatment
needs to be provided to minimize the risk of falling and to ensure optimal compliance
[76].

9 Choose the Type and Dosage of NOAC

Currently there are four types of NOAC available in different doses for different indica-
tions and with different dosage reduction criteria, so the identification of the right dose
is more complicated, and is one of the main challenges in daily use and this leads to
individualization. in the treatment. There are also policy-related factors, such as con-
sent regulations, formulary restrictions, and treatment costs, all of which can affect the
availability of NOACs in the community [76].

All types of NOAC have been carried out in randomized prospective trials with large
samples, and it has been reported that there is efficacy and safety of each type ofNOAC.A
clinical trial with a different dose, of course, will be done in a different way. In the Apix-
aban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation
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(ARISTOTLE) clinical trial using apixaban and 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) using rivaroxaban, patients receive
a reduced standard dose in the presence of predetermined patient characteristics [24,
75].

In contrast, in the Randomized Evaluation of Long-Term Anticoagulation Therapy
(RE-LY) clinical trial using dabigatran and also theEffectiveAnticoagulationwith Factor
Xa Next Generation in Atrial Fibrillation - Thrombolysis in Myocardial Infarction 48
(ENGAGE AF-TIMI 48) clinical trial using edoxaban, both at a lower dose and at a
higher dose, were then tested in a full cohort of patients (without further dose reductions
for dabigatran, and with further dose reductions for edoxaban in selected patients) [74,
80].

NOAC dose reduction is recommended according to the dose reduction criteria in
the guidelines [10]. The dose of NOAC that has been clinically tested and approved,
then NOAC therapy should be used to provide optimal benefit to the patient. There are
many publications confirming that NOAC is at least as safe and efficacy as warfarin
[81–86]. However, there are several studies reporting on the use of higher doses in
anticipation of off-label dosing of NOAC [82, 87–99]. This is related to the fact that
most Healthcare providers are concerned about the risk of bleeding, while the risk of
stroke is seen as a natural course of the disease. However, various clinical trials with large
sample sizes and based on serial observational reports that high-risk patients will benefit
more from anticoagulant therapy [24, 74, 84, 100–102]. Involvement of the patient in
the decision-making process and discussing together the choice of anticoagulant is the
key to adequately assessing the patient’s needs, because the risk of stroke is greater than
the risk of bleeding [103–105].

In addition, it is important to consider concomitant medications (co-medications),
as some of them may have contraindications or result in unfavorable drug-drug interac-
tions. Consideration should also be given to the patient’s age and susceptibility, body
weight, renal function and other comorbidities that may influence the choice. Proton
pump inhibitors (PPIs) may be considered to reduce the risk of gastrointestinal bleeding,
especially in patients with a history of bleeding or gastrointestinal ulcers, and patients
requiring co-medication of double antiplatelet therapy [106–111].

There are also studies that focus on gastroprotective effects, particularly shown in
patients receiving antiplatelet therapy or VKA [112–114], while data on the preventive
effect in patients treated with NOAC are still very limited [106]. There are several
decision-making tools available to guide clinicians on the most suitable use of NOAC
for specific target groups [115–118].

10 Management of Atrial Fibrillation Patients Treated with NOAC
in the Acute Phase of Stroke

Management of atrial fibrillation patients with NOAC therapy in acute phase ischemic
stroke can be seen in Fig. 1.
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No or not sure
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Yes

No or not sure

Dabigatran intake and availability of idarucizumab
Ye-
sa

No

Patients on apixaban, edoxaban, rivaroxaban:
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Plasma level <30 ng/ml (measured >4 hours after intake) 
c

Consider throm-
bolysis a in selected 

patients after reversal 

of dabigatran

Continue 
with thrombo-

lysis a

Yes

Consider thrombolysis a in highly selected patientsNo

Continue (concurrently) with endovascular thrombectomy if indicated b

Subsequent management in the Stroke Unit or Intensive Care Unit

Fig. 1. Immediate management of acute ischemic stroke patients with relevant neurologic deficits
in patients receiving NOAC therapy. aSystemic thrombolysis is indicated only if there are no
contraindications to labelling intravenous rt-PA. bEndovascular thrombe

11 NOAC Plasma Level Measurement Indications

There are no studies reporting on drug level measurement and dose adjustment based
on laboratory coagulation parameters, ideally a dose reduction if a higher plasma level
is found, or an increase in the dose if a lower plasma level is found, and this would
increase the benefit of NOAC in long-term therapy. Long. However, routine monitoring
of plasma levels and subsequent dose adjustments are generally rarely carried out [76].

Laboratory studies of drug exposure and anticoagulant effects can assist physicians
in emergencies such as bleeding, urgent elective procedures suspected of overdose, and
acute stroke.Also in special situations, such as possible drug interactions, extremeweight
gain, or impaired kidney function, plasma levels can help in clinical decision making
[120, 121].
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12 Management of Post-acute Stroke Patients with Risk Factors
for Atrial Fibrillation

12.1 Patients with Atrial Fibrillation After Ischemic Stroke or Transient
Ischemic Attack

Physicians should always think long term when treating patients with atrial fibrillation,
because it can be a cause of stroke and the condition can be prevented [20, 122]. To date
there is no evidence in Randomized Control Trials to support that one NOAC is better
than another, or to switch one NOAC. to another in patients with transient ischemic
attack (TIA) or ischemic stroke on NOAC therapy. NOAC therapy can be individualized
and must take into account the presence of comorbidities and the medications being co-
medicated. In acute ischemic patients with a history of NOAC therapy, measurement of
plasmaNOAC levels at the time of hospital admission can help assess patient compliance
in taking these drugs [76].

Since the disruption of the blood-brain barrier associated with stroke may increase
the risk of secondary hemorrhagic transformation, (re-)starting oral anticoagulants must
balance the risk of recurrent ischemic stroke with the risk of bleeding. Data from RCTs
with large samples were missing, because the NOAC phase III study excluded patients
within 7 to 30 days after stroke and within 3 to 6 months after a severe stroke [21]. As
this RCT is still ongoing, the current recommendations are based on mutual consensus
[43, 123], observational studies [124–126], and analyzes of individual patient data from
prospective cohort studies [127].

The 2020 European Society of Cardiology (ESC) Guidelines on the management of
atrial fibrillation state that oral anticoagulation should be (re)started as soon as possible
from a neurological perspective, which inmost cases is in the first 2weeks [10]. The 2019
AHA/ASA guidelines conclude that for the majority of patients with acute ischemic
stroke associated with atrial fibrillation, it is reasonable to initiate oral anticoagulant
therapy between 4 and 14 days after the onset of neurologic symptoms [123]. However,
there are different opinions, namely the consensus of experts from the European Stroke
Organization (ESO) concluded that recommendations about the optimal time to start
anticoagulant therapy in patients with acute ischemic stroke cannot be made [21].

There are currently several randomized trials, such as ELAN, OPTIMAS, TIMING,
START, and AREST in which the initial focus of NOAC therapy is compared with
delayed (return) after acute ischemic stroke, and these studies are ongoing and report
expected outcomes in the year 2021/2022 [127]. Practical guidance is needed for com-
mon clinical dilemmas, as first defined in the 2015 EHRA Practical Guide, namely oral
anticoagulation followed by prescription and label use of NOAC, or starting the next
day in patients with Transient Ischemic Attack (TIA) after exclusion. Intracerebral hem-
orrhage/secondary hemorrhagic transformation with imaging studies, and taking into
account the size of the acute ischemic brain lesion based on these examinations [15, 43].

If the infarct size in a patient would substantially increase the risk of hemorrhagic
transformation in a minor stroke patient, then therapy with oral anticoagulants may be
initiated 3 days after the acute ischemic stroke (Fig. 2). Furthermore, in patients with
moderate stroke, anticoagulation can be started after 6 to 8 days, then in patients with
severe stroke it can be given after 12 to 14 days, after excluding secondary hemorrhagic
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Fig. 2. (Re-) initiation of anticoagulation after TIA/stroke. Without RCT evidence, based on
expert opinion, inclusion of patients in the ongoing study could be considered. (Re-)initiation can
be given only if there are no contraindications and if stroke size. CT: computed tomography; LA:
left atrium; LAA: left atrial appendage; MRI: magnetic resonance imaging; NOAC: non-vitamin
K antagonist oral anticoagulant; RCT: randomized clinical trial; TIA: transient ischaemic attack.

transformation by re-examination of brain imaging, with computed tomography (CT)
or magnetic resonance imaging (MRI). As explained earlier, time considerations and
actions taken based on expert suggestions can be considered until evidence becomes
available, so a multidisciplinary team approach is mandatory in these situations [76].

When to (re-)start oral anticoagulants is the patient’s decision, but should consider
if there is a thrombus in the left atrium or if there is evidence of cerebral amyloid
angiopathy. Although micro cerebellar hemorrhage detected on MRI is independently
associated with an increased risk of symptomatic intracerebral hemorrhage, it is also
associated with a risk of recurrent acute ischemic stroke, further the burden of cerebral
microblading associated with intracranial hemorrhage remains to be determined [21,
127–129]. If there is cerebral microblading alone, it cannot determine the decision to
give anticoagulants.

Because of the rapid onset of action of NOAC and the associated risk of bleeding,
administration of heparin before (re-)starting therapy with NOAC or treatment with
LMWH as an anticoagulant is not recommended [21]. If initiation of therapy with oral
anticoagulants is delayed in acute ischemic stroke patients, aspirin should be given before
initiation [21].
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In the case of oral anticoagulants given in peri-onset stroke, aspirin administration
should be delayed according to the NOAC half-life and renal function or should be based
on the results of specific coagulation tests. Antiplatelet administration for secondary
stroke prevention in patients with atrial fibrillation after acute ischemic stroke should
be discontinued when (re-) starting NOAC therapy, unless there is a clear indication for
the use of co-medication, for example in patients with new coronary or carotid stenting
[21].

Use of NOAC on discharge from hospital in stroke patients due to atrial fibrillation
was associated with more days spent at home and lower rates of cardiovascular events
compared with VKA based on a large multicenter cohort study including stroke patients
[130]. Of note, higher doses of NOAC Appropriate care and patient compliance are
critical to ensure optimal secondary stroke prevention [19, 90, 130].

12.2 Atrial Fibrillation Patients with Ischemic Stroke and Atherosclerosis

The addition of antiplatelets to NOAC therapy for a period of time may be necessary or
considered in acute ischemic stroke patients with atrial fibrillation, if the stroke is most
likely due to large-vessel disease, symptomatic (intracranial) stenosis, or the patient
has recently undergone a stenting procedure, and is at risk for bleeding. Considered low.
However, evidence for this therapeutic approach is lacking and further research is needed
[131]. Atrial fibrillation patients with acute ischemic stroke due to symptomatic high-
grade carotid stenosis should undergo carotid endarterectomy, because carotid stenting
requires double antiplatelet therapy in addition to oral anticoagulant therapy with a
higher risk of bleeding [131].

In atrial fibrillation patients undergoing carotid endarterectomy, aspirin is recom-
mended before and for several days after surgery, but should be discontinued while
continuing NOAC therapy. Atrial fibrillation patients with asymptomatic atherosclero-
sis or internal carotid artery and/or intracranial artery stenosis should be treated with
statins and oral anticoagulants, without the need for additional antiplatelet therapy, and
the condition is similar to stable coronary artery disease [131].
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