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Abstract

Direct oral anticoagulants (DOACSs) are currently the mainstream of long-term oral
anticoagulation for patients with atrial fibrillation (AF). In spite of the active research in the
field, many unanswered questions remain regarding the optimal use of DOACs and
antithrombotic treatments in general. Some of the default approaches are still based on
weak evidence and old ‘traditions’. The general tendency has been to emphasize stroke
prevention, with less attention given to bleeding problems and the net benefit of each
antithrombotic regimen. Current practices seem to lead to potentially harmful
overtreatment in some fragile patient groups. After recent observational and randomized
studies, bleeding risk assessment has emerged as a new paradigm for maximizing the net
benefit of antithrombotic treatments in patients with AF at high bleeding risk. Uninterrupted
permanent anticoagulation is deeply rooted in clinical practice for all AF patients at risk of
stroke solely based on their stroke risk score. This “one size fits all” principle may not be
ideal for patients with low AF arrhythmia burden and rare AF attacks especially when

combined with high bleeding risk.

In this narrative review, we take a critical perspective of some old myths and dogmas
around antithrombotic treatments and focus on current challenges and “twilight zones” of

DOAC use in indications with questionable net benéefit.
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1 Introduction

After the 50-year reign of warfarin, the advent of direct oral anticoagulants (DOACs) has
made anticoagulation more convenient and accessible, and the multiple problems related
to vitamin K antagonists (VKAs) concern now only a minority of patients with atrial
fibrillation (AF). International guidelines have preferred DOACs over VKAs in the
thromboembolic prophylaxis of patients with AF, but not for patients with mechanical heart
valves, left ventricular assist devices, or moderate-to-severe mitral stenosis.!?2 The VKAs
remain the gold standard for managing antiphospholipid syndrome, especially in those with
triple-positive syndrome, as evidenced by small studies indicating the inferior efficacy of
DOACs compared to VKAs in preventing thromboembolism in this patient group.* The
simple use of DOACs has facilitated their rapid and wide global uptake.® Importantly, the
risk of intracerebral haemorrhage is lower when using DOACs, but unfortunately, the risk

of gastrointestinal bleeds with some DOACs is increased during long-term treatment.®”

In spite of the active research in the field, many unanswered questions and challenges
remain regarding the use of DOACs and antithrombotic treatments in general.® Some of
the default approaches are still based only on weak evidence and old traditions. The
general tendency has been to emphasize anticoagulation for stroke prevention, with less
attention given to bleeding issues and the net benefit of each treatment regimen. Dogmatic
positions embraced by international guidelines, despite the lack of strong evidence, seem

to have led to potentially harmful overtreatment in some patient groups.

In this narrative review, we take a critical perspective of some old myths and dogmas
around antithrombotic treatments and focus on current challenges and “twilight zones” of
DOAC use in indications with questionable net benefit. For the purpose of this article, all
DOACSs (apixaban, dabigatran, edoxaban, and rivaroxaban) are discussed as a class,
notwithstanding some differences between the agents in clinical pharmacology and

(clinical trial or real-world) outcome data.

2 How low can we go with stroke risk?

2.1 Device-detected subclinical atrial fibrillation

Based on a Markov analysis, the DOACs have lowered the “tipping point” of stroke risk to

~0.9%l/yr for starting anticoagulation in patients with AF.® This roughly equates to patients



with a single stroke risk factor, as traditionally assessed by stroke risk scores such as the
CHA2DS2VASc score.™ The recent 2024 ESC guidelines introduced the nonsex
CHA2DS2VASCc score (i.e. CHA2DS2-VA) with a Level of Evidence C ”in the absence of
other locally validated alternatives”, since “the inclusion of gender complicates clinical
practice ... (and) omits individuals who identify as non-binary, transgender, or are

undergoing sex hormone therapy”.":1°

In a meta-analysis of the NOAH-AFNET 6 and ARTESIA trials, device-detected subclinical
AF carries an overall low (~1%/yr) risk of ischaemic stroke, as well as a 32% reduction in
ischaemic strokes and a 62% increase in major bleeding events with oral factor Xa
inhibition compared with aspirin or placebo in patients with device-detected AF." This 32%
reduction in ischaemic stroke rate is in contrast to the 64% reduction in strokes with
warfarin compared to control/placebo in the historical trials, or the 19% reduction in all

strokes or systemic embolic events by DOACs compared to dose-adjusted warfarin.'213

In previous trials on device-detected AF, episodes lasting >24 h were associated with a 3-
to 5-fold increase in the risk of subsequent stroke or systemic embolism.'*'> Current
guidelines recommend individual risk assessment and shared decision-making in device-
detected AF and recommend considering DOACs for patients with longer AF episodes and
high CHA2DS2VASc/CHA2DS2VA scores. However, there is no strong support for these
recommendations by the data from the two treatment trials, although the benefit of
treatment with apixaban in preventing embolic events was greater than the risk of major
bleeds in patients with CHA2DS2-VASc score >4 in the ARTESIA trial which enrolled
subclinical AF patients (including those with atrial high rate episodes (AHRE) on cardiac
devices).'® Disappointingly, edoxaban had no significant effect on stroke risk in patients
with CHA2DS2-VASc score >4 or in those with device-detected AHRE episodes >24 hours
at baseline in the NOAH-AFNET 6 trial."” The statistical power of these analyses was
limited, and more data are needed to identify circumstances when DOACs are of

meaningful net benefit for these patients.

In the randomized LOOP trial, screening with an implantable loop recorder resulted in a
threefold increase in AF detection and anticoagulation initiation in older individuals (mean
age 75 years) with stroke risk factors, but no significant reduction in stroke risk was
observed.'® These findings are in line with the minimal effect size in the STROKESTOP
and later negative large randomized AF screening trials (GUARD-AF, STROKESTORP I,

VITAL-AF).1920.21.22 Current data indicate that short, infrequent episodes of device-



detected AF carry a low stroke risk and may not require anticoagulation therapy. Despite
the limited evidence, screening for AF is increasingly applied with various devices,

including smartphones and wearables.

Device-detected AF is a common finding, observed in roughly one-third of older individuals
with an implanted rhythm device.? The risk of stroke in these patients is considerably
lower than predicted by their mean CHA2DS2-VASc/CHA2DS2VA score, and the initiation of
anticoagulation needs to be carefully balanced, considering not only the patient

characteristics (stroke and bleeding risk factors) but also some measure of AF burden.

2.2 Paroxysmal atrial fibrillation and low AF burden

Anticoagulation does not prevent strokes in patients without AF, as shown by randomized
trials in cryptogenic stroke, even in those with atrial cardiomyopathy.?* The traditional
binary (yes or no) definition of AF is simple at every level of health care, and the decision
to initiate anticoagulant is currently based mainly on numerical values of patient
characteristics by stroke risk scores such as CHA2DS2-VASc/CHA2DS2-VA score, with

minimal weight placed on AF characteristics.

For example, anticoagulation is similarly recommended for a 65-year-old woman with
hypertension whether she has a history of only one cardioversion for symptomatic AF
attack many years earlier, repeated prolonged AF episodes with vague symptoms, or
permanent AF. There are, however, increasing data that a more granular view on AF
characteristics to integrate AF burden into treatment decisions has the potential for more

precise stroke risk estimation.?

AF typically progresses from short infrequent paroxysms through self-terminating longer
episodes to persistent AF. AF burden has been very low in screening trials and may
explain their negative results in stroke prevention. The median AF burden in the LOOP trial
was 0.13% and 0.46% in GUARD-AF trial compared with paroxysmal AF where the burden
is usually 5-11%.1821.25 Antiarrhythmic drug therapy lowers the average AF burden to <3%
and successful catheter ablation to <1%.23

AF burden is a composite of frequency and duration of AF episodes. It is challenging to
incorporate AF burden into the treatment algorithms, since the burden thresholds to
withhold anticoagulation therapy are not yet known. Also, arrhythmia burden is not static



but dynamic in nature, changing over time.?¢ Based on current data, the risk of stroke
increases together with AF burden: the risk is ~1%/yr in device-detected AF, ~2%/yr in

paroxysmal AF, and ~3%/yr in chronic forms of AF in patients not using anticoagulation.?3

The observational FInCV-4 study included 2,074 AF patients who were not using
anticoagulation except for cardioversions.?’ The frequency of cardioversions — a rough
clinical measure of AF burden in selected patients - was an independent strong predictor
of stroke and systemic emboli (HR 2.87; p =.002) at 3 years. The risk of stroke and
systemic thromboembolism was very low (0.08 per 100 patient-yrs) in patients with only
one CHA2DS2-VASc point and low (0.48 per 100 patient-yrs) in patients with 2-3 CHA2DS2-

VASc points who visited the emergency room for cardioversion less than once a year.

In the randomized EAST-AFNET 4 trial, early rhythm control therapy reduced AF burden,
and the incidence of stroke was lower than in usual care (0.6% vs. 0.9%/100 patient-yrs)

when the majority of patients were using anticoagulation.?®

The assessment of AF burden as an additional risk factor may be valuable in patients with
intermediate thromboembolic risk, i.e. those with CHA2DS2-VA score of 1 and those with a
high risk of bleeding complications.?® If an individual refrains from initiating anticoagulation
after shared decision-making, careful follow-up with self-detection of AF using
smartphones, other wearables or pulse palpation is advisable, since AF burden is a
moving target and disease evolution is unpredictable. Whether oral anticoagulation is
effective after successful AF ablation with low (<1%) AF burden is being investigated in the
ongoing OCEAN trial.*® Of note, the reduction of AF burden is already recognized as a
therapeutic goal in the 2024 ACC/AHA/HRS AF guidelines.?

2.3 Cardioversion of AF

Cardioversion studies give clues about how the duration of AF paroxysms — the crucial
component of AF burden — relates to stroke risk, since the risk is similar regardless of the
mode (spontaneous or active cardioversion) of rhythm normalization. Prothrombotic
changes (local platelet activation and increased thrombin generation) emerge rapidly after
AF onset, and at 12 hours, a more comprehensive coagulability has been

observed.3! Second, the rhythm conversion from AF back to sinus rhythm results in
mechanical stunning of the atria, providing a thrombogenic milieu especially in the left

atrial appendage, but this phenomenon is also time-dependent and AF paroxysms lasting



less than 24 hours are not long enough to cause stunning.?3 Atrial stunning after an AF

episode of less than one week usually resolves within 24 hours, but after longer episodes,
the stunning and prothrombotic milieu are more profound, whereby restoration of atrial

function takes up to 4 weeks.3?

Based on this pathophysiology, the duration of AF episode and subsequent mechanical
stunning of the atria are critical for the increased thromboembolic risk of AF paroxysms.
Accordingly, in the ASSERT study, only those patients with AF episodes lasting over

24 hours were at higher immediate stroke risk than those without AF, while patients with AF

episodes shorter than 24 hours were not at increased stroke risk.

The thromboembolic risk of rhythm normalization is also time-dependent in cardioversion
studies. In patients not using anticoagulation, the risk is low (0.3% within 30 days) when
the duration of an AF episode is less than12 hours.?* The risk is fourfold (1.2%) already in
episodes of 12-48 hours, and rises up to 3.4-7% in longer AF episodes.3® When using
effective periprocedural anticoagulation with DOACs, elective cardioversion of AF is
associated with a 0.4% risk of stroke within 30 days after rhythm normalization, and 80%
of strokes occur during the first week.3® This means that the first week after rhythm
normalization is highly prothrombotic and carries a 20-fold risk of ischaemic stroke

compared with an average week during DOAC treatment.36.37

On the basis of this pathophysiology and clinical studies, it seems reasonable to perform
elective cardioversions as early as possible, since the overall risk of thromboembolic
complications is only 0.1% when cardioversion is performed within 48 hours of AF onset in
anticoagulated patients.3® It is tempting to speculate—but almost impossible to show—that
intensified anticoagulation during the first high-risk days after cardioversion could help to
reduce stroke risk in those patients with high stroke risk as assessed by the
CHA2DS2VASc/ CHA2DS2VA score.®®

3 Anticoagulation in patients with high bleeding risk

3.1 End-stage kidney disease
AF is common in patients with chronic kidney disease. Evidence of net clinical benefit of

DOAC:Ss for stroke prevention in patients with end-stage kidney disease (ESKD) and AF is



lacking because these patients have been excluded from the pivotal randomized DOAC
trials.®

There are only three small randomized trials that compare apixaban or rivaroxaban with
VKA, but these small trials have inadequate power to draw any firm conclusions regarding
net benefit of DOACs in this fragile patient group.383%40 Of note, clinically relevant bleeding
events were approximately tenfold more frequent than strokes or systemic embolism
among ESKD population on DOACs (Figure 1). In a recent meta-analysis - mainly based
on observational data - there was no significant difference in all-cause death or
thromboembolism between patients who did not receive anticoagulants and those who
received DOACs.*’

The lack of randomized trials comparing DOACs with no anticoagulation leaves
uncertainty of any net benefit of chronic anticoagulation in this patient group. The DOACs
seem to be to current choice of anticoagulation for the ESKD population with AF, with
apixaban and rivaroxaban approved by the US FDA, but careful evaluation of stroke and

bleeding risk is still needed in the treatment decision-making.

3.2 Cirrhosis

Anticoagulation is challenging in advanced liver disease due to coagulation abnormalities
caused by cirrhosis, impaired hepatic clearance of DOACs, as well as the increased

bleeding risk associated with oesophageal varices.?

In a recent study on two U.S. populations with cirrhosis and non-valvular AF,
anticoagulation with rivaroxaban or VKA was associated with elevated rates of major
bleeding events and similar rates of ischaemic stroke compared to apixaban treatment.*?
Most importantly, major bleeding events were approximately tenfold more frequent than
ischaemic strokes (Figure 1). There are no head-to-head comparisons on DOACs and no
data to compare DOACSs to no anticoagulation in this fragile patient group, leaving

clinicians without clear guidance on appropriate treatment decisions.*3

Current guidance suggests that in liver disease, the use of VKAs in patients with advanced
liver disease and coagulopathy is difficult due to intrinsically elevated INR values and
difficulties in selecting appropriate VKA dosing. The DOACs are generally safe to
administer in Child-Pugh class A liver disease. Apixaban, dabigatran, and edoxaban can
be used with caution in Child-Pugh class B liver disease. However, all DOACs

contraindicated in Child-Pugh class C liver disease.



3.3 Frailty

Many older AF patients have frailty syndrome, a clinical entity of multiple comorbidities,
polypharmacy, and high biological vulnerability. The oldest individuals with AF and frailty
were not included in the landmark trials on DOACS. In spite of that, a waning of the
advantage of DOACs over VKAs in the oldest and most comorbid trial participants was
observed.®

In the FRAIL-AF trial, frail patients (mean age 83 years) who were tolerant to VKA
treatment were randomized to continue International Normalized Ratio (INR)-guided VKA
treatment or switch to a DOAC*. In this trial setting where anticoagulation control with
VKA was good, the DOACs were associated with more bleeding complications (hazard
ratio 1.69) compared with continuing VKA treatment, and no reduction in thromboembolic
complications was observed. The rate of major and clinically relevant bleeding - most of
which were gastrointestinal - was 17.8 per 100 patient-yrs compared with the rate of
ischaemic and haemorrhagic stroke of 2.3 per 100 patient-yrs (Figure 1). These findings
are of importance when considering whether or not to switch a patient on stable VKA

therapy (time in therapeutic range >70%) to a DOAC.

In practice, DOACs are often used with off-label reduced doses in this increasing patient
group. Post hoc analysis of the ENGAGE AF-TIMI 48 trial in AF patients >80 years
supports the concept that reduced-dose DOACs may be considered in older patients with
AF also in the absence of dose-reduction criteria due to a lower risk of major bleeding
events without an offsetting increase in ischaemic events in the edoxaban 30 mg group.*
Similarly, a recent meta-analysis on observational studies covering 70,394 DOAC users
showed no statistically significant increase in the risk of stroke/thromboembolism, no
decrease in bleeding risk, nor a difference in the risk of all-cause mortality in patients with
off-label use of low-dose DOACs.*¢

In the ELDERCARE-AF trial on elderly (>80 years) Japanese AF patients having bleeding
risk factors, the annualized rate of stroke or systemic embolism was lower in the low-dose
(15mg) edoxaban group compared with the placebo group (2.3% vs. 6.7%; P<0.001). The
rate of major bleeding was 3.3% in the edoxaban group and 1.8% in the placebo group
(P=0.09).%"



Taken together, these results suggest that off-label use of low-dose DOACs may not
always be harmful in fragile old patients and can be considered after careful judgment and
shared decision-making. According to the 2024 ESC guidelines, a reduced dose DOAC
therapy should be avoided (Class Ill recommendation), unless patients meet DOAC-

specific criteria.t

3.4 Other gaps in evidence

We need prospective studies on the net benefit of DOACs in AF patients after successful
AF ablation and in trigger-induced AF, although current guidelines recommend - based on
observational data - that long-term oral anticoagulation should be considered in suitable
patients at elevated thromboembolic risk.* There are also lack of high-quality data on
DOAC use in AF patients with active cancer, adult congenital heart disease, and during
breast feeding or pregnancy. There are also limited data on optimal timing of introducing
DOAC:Ss after intracerebral haemorrhage or other major bleeding. The optimal dosing of

DOACSs in patients at extremes of weight needs also more research.?

Percutaneous left atrial appendage occlusion may be considered in patients with AF at
high bleeding risk.>*® Ongoing randomized trials will clarify the position and indications of
this invasive treatment strategy.

4 Old dogmas - difficult to tackle
4.1 Heparin bridging

Heparin bridging established its leading status in the routine perioperative management of
VKA treatment decades ago. The only evidence to support this strategy was the fear of
uncontrollable haemorrhage during uninterrupted VKA treatment, which appears
exaggerated. Furthermore, rapid and precise reversal of VKA anticoagulation can be
achieved using prothrombin complex concentrate unlike the incomplete reversal of low-
molecular weight heparin (LMWH) effect by protamine. However, numerous studies
showed that uninterrupted VKA treatment is a safe option for most cardiac

interventions.49:50.51,52

Also, randomized trials have been performed showing that heparin bridging increases

bleeding risks and provides no benefit on thromboembolic risks in non-cardiac surgery and
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interventions.535455 This is not a surprise, since VKAs reduce the synthesis of active
clotting factors while LMWHs inhibit clotting factors. It is challenging to control over the
dynamic changes in both the synthesis and activity of clotting factors during bridging and
to avoid periods of sub- and supratherapeutic anticoagulation and consequent thrombotic
and bleeding risks.%® Wide fluctuations in INR are common and long-lasting after VKA
interruption, and warfarin re-initiation may cause a transient prothrombotic state due to

protein C and S suppression.

At present, heparin bridging of VKA treatment is still included in the guidelines with a
conditional recommendation and very low certainty of evidence.> When using DOACs,

there are no indications for heparin bridging.%’

4.2 Acute and chronic coronary syndromes

The 12-month duration of dual antiplatelet therapy (DAPT) in acute coronary syndromes is
still the default Class | recommendation in the international guidelines based on three
historical studies, none of which were designed to assess the optimal duration of DAPT."58
Later, numerous studies have evaluated optimal DAPT duration and various de-escalation
strategies. Not surprisingly, they have not shown net benefits of 12-month DAPT compared
with abbreviated DAPT regimens.®® Based on higher bleeding risk caused by prolonged
DAPT, alternative approaches with shorter DAPT are now included in the international
guidelines, especially for patients with high bleeding risk, but with a lower Class lla level of

evidence.%®

In line with this history, the exaggerated fear of stent thrombosis led to introduction of triple
therapy (DAPT plus warfarin) for up to 6-12 months as the default approach for AF patients
after coronary stenting and in acute coronary syndromes.° This strategy was first
challenged in the randomized WOEST trial where 44% of patients in the triple therapy
group suffered a bleeding event within one year, while the incidence of definite stent
thrombosis was not lower (1.1%) than in patients treated with anticoagulation and
clopidogrel only (0.4%).5° Randomized studies showing adverse net effects of triple
therapy, with no advantage in ischaemic events, were repeated after the introduction of
DOACSs (Figure 2).51:62
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From a philosophical point of view, it is noteworthy that the primary endpoint in these trials
was a major or clinically relevant non-major bleeding event during follow-up. In other
words, the goal was to reduce the harm caused by the recommended treatment, rather
than showing a benefit in terms of initial treatment targets — protection against thrombotic
and thromboembolic complications.®' The current treatment strategy after hospital
discharge includes DOAC plus clopidogrel, and, importantly, with a shorter and

individualized duration of antiplatelet treatment."63

Similarly, in patients with AF and stable coronary artery disease, the randomized AFIRE
and EPIC-CAD trials have shown that DOAC monotherapy is sufficient for the prevention
ischaemic events and leads to a lower risk of bleeding complications than previously used

long term dual antithrombotic therapy.64:65

5 Future perspectives - less is more?

These examples from different research areas show the general tendency of cardiological
community to start the antithrombotic treatments from the “deep end”, using drug regimens
with maximal effect on thromboembolic and thrombotic events. This principle raises a risk
of overtreatment, especially in older patients having comorbidities which increase their
bleeding risks. After recent observational and randomized studies, bleeding risk
assessment has emerged as a new paradigm for maximizing the net benefit of

antithrombotic treatments in AF patients at high bleeding risk.

Second, based on early anticoagulation trials, uninterrupted permanent anticoagulation is
deeply rooted in clinical practice for all AF patients at risk of stroke solely based on their
CHA2DS2-VASc/CHA2DS2-VA score. This “one size fits all” principle may not be ideal for
patients with low AF burden and rare AF attacks, since uninterrupted anticoagulation is not
without risks even in this population with low stroke risk. The technological evolution
enables widespread screening for early AF and more patients with low AF burden and
stroke risk are uncovered emphasizing the need of research on optimal treatment of this
growing patient group. This phenomenon may contribute to the recent observations on
declining overall trends in stroke risk of non-anticoagulated of AF patients.%¢ Whether a low
arrhythmia burden is a justification to reduce therapy is being tested in ongoing studies.3°
Interestingly, the REACT-AF trial is comparing continuous anticoagulation with a

smartwatch-guided intermittent anticoagulation regimen that is confined to periods of high

12



AF burden.®” These personalized medicine strategies - if proven safe and effective - could

maintain the benefits while reducing the risks of DOACs.

13



Figure 1. Stroke and bleeding rates in diverse patient populations with AF receiving
DOACSs. Abbreviations: AF, atrial fibrillation; DOAC, direct oral anticoagulant; RCT,
randomized controlled trial. Outcome definitions: Subclinical AF 1, ischaemic stroke and
major bleeding; DOAC RCTs 2, Ischaemic stroke or systemic embolism and major
bleeding; Cirrhosis 3, Ischaemic stroke and major bleeding; Frailty 4, any stroke and major
or clinically relevant nonmajor bleeding; Hemodialysis 5, any stroke or systemic embolism

and major or clinically relevant non-major bleeding.
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Figure 2: Outcomes of double and triple therapy in patients using oral anticoagulant
therapy undergoing percutaneous coronary intervention. Double therapy: oral
anticoagulant plus ADP receptor antagonist (mainly clopidogrel). Triple therapy. oral

anticoagulant plus ADP receptor antagonist (mainly clopidogrel) and ASA.
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