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Abstract: In 10% of ischemic strokes, non-valvular atrial fibrillation (NVAF) is detected retroactively. Milder, or even asymptomatic 
forms of NVAF have shown high mortality, thrombotic risk, and deterioration of cognitive function. The current guidelines for the 
diagnosis and treatment of AF contain “grey areas”, such as the one related to anticoagulant treatment in men with CHA2DS2-VASc 
score 1 and women with score 2. Moreover, parameters such as renal function, patient weight or left atrium remodelling are missing 
from the recommended guidelines scores. Vulnerable categories of patients including the elderly population, high hemorrhagic risk 
patients or patients with newly diagnosed paroxysmal episodes of atrial high rate at device interrogation are at risk of underestimation 
of the thrombotic risk. This review presents a systematic exposure of the most important gaps in evaluation of thrombotic and 
hemorrhagic risk in patients with NVAF. The authors propose new algorithms and risk factors that should be taken into consideration 
for an accurate thrombotic and hemorrhagic risk estimation, especially in vulnerable categories of patients. 
Keywords: atrial fibrillation, thrombotic risk, hemorrhagic risk, new risk scores, left atrium remodelling, genetics and inflammation in 
atrial fibrillation

Introduction
In 10% of ischemic strokes, non-valvular atrial fibrillation (NVAF) is detected retroactively.1 Looking back, even the 
European register (EORP-AF) notes some surprising aspects, after only 1 year of follow-up. First, the apparently milder 
forms – asymptomatic or very recently detected – show the highest mortality and thrombotic complication score.2,3 

Moreover, the absence of thrombotic risk assessment of renal function (in CHA2DS2-VASc score) is accompanied by 
a relatively constant deterioration of renal function, even over the short time interval specified.4 Not to be neglected is 
also the percentage of deterioration of cognitive function (not only by endothelial and implicit hemodynamic mechan-
isms, but also by repeated micro-embolic phenomena), as well as that of progressive deterioration of the contractile 
capacity of the heart, with significant hemodynamic impairment.

This review presents a systematic exposure of the most important gaps in the evaluation of thrombotic and 
hemorrhagic risk in patients with NVAF. The authors highlight the gray zones of the current guidelines and propose new 
algorithms and risk factors that should be taken into consideration for an accurate thrombotic and hemorrhagic risk 
estimation, especially in vulnerable categories of patients.
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Grey Areas in Atrial Fibrillation Anticoagulation
The latest ESC guideline on the diagnosis and treatment of AF5 better frames the aims of the management of this 
arrhythmia in the context of the etiopathogenesis and the comorbidities installed, insisting not only on prolonging the 
duration of life but above all on the quality of life, starting from the correction of rhythm vs frequency, hemodynamic, 
motor, and psychological tolerance, and so on, the correct therapy of comorbidities naturally occupying a central place.

A more recent problem is the active detection of arrhythmia, making use of genetic peculiarities that can lead to the 
sometimes-surprising appearance of AF, even beyond the systemic pathological background.6 In addition, the appropriate 
specification, ie, the duration of an AF access for risk category acceptance of at least 30 s, complemented this 
requirement. Thus, some studies have imposed more consistent criteria for deciding whether to institute anticoagulant 
treatment in these patients with relatively occult arrhythmias, such as the PROACTIA7,7 study and score, undertaken 
mainly in patients with cryptogenic stroke, in whom some devices (eg, implantable cardiac monitors or interrogatable 
pacemakers) detected occult episodes of AF. True, newer and newer arrhythmia detection devices – even asymptomatic 
ones – smart watches-phones, telemetry capabilities, longer-term 72-hr Holter examinations, and so on have gradually 
increased the possibility of timely diagnosis of the most common human cardiac arrhythmia. However, beyond the 
thromboembolic risk manifested not by the type of NVAF but by the duration of the attacks, the tolerance of patients to 
attacks of up to 1 hr must also be considered, with the patient’s quality of life always being put first.8

Moreover, even the ESC guidelines for the diagnosis and treatment of AF contain enough “grey areas”, such as the 
one related to anticoagulant treatment in men with CHA2DS2-VASc score 1 and women with score 2. There are still 
issues of interpretation and effectiveness of a consistent prophylactic approach to thrombotic vs hemorrhagic events in 
both European, US, Canadian, Australian, etc. guidelines. This gives rise to the need to standardize and demonstrate the 
cost-effectiveness of active screening of the population, especially the elderly, and not only, as in the experience of the 
STROKESTOP study.9 A basic description of the structure in the decision analytic Markov model is used for this 
purpose. The study demonstrated that active screening could mean not only an increase in life expectancy but more 
importantly an increase in QUALYs, with clearly proven cost-effectiveness. Of course, the cost of a life saved or of 
avoiding severe and permanent disability is difficult to quantify. Oral anticoagulation and, in particular, the judicious use 
of direct oral anticoagulants (DOACs) instead of antivitamin K (aVKs), is in all these models the touchstone for 
increasing the quality of health-care services.

Some new opinions demonstrate the ineffectiveness of the classical approach to anticoagulation with aVK. Lowe, 
I. states that a more accurate protocol for loading, monitoring, and administering aVK would make this type of 
anticoagulation more effective.10 However, as patients grow older and more likely to develop arrhythmia, the risk of 
iatrogenic side events – especially intracerebral hemorrhages – increases. Benefit vs risk is increasingly difficult to 
demonstrate in the population over 80 years of age, where even conventional CHA2DS2-VASc – HAS BLED scores 
seem to have extremely close figures in these individuals, ie, embolic risk is almost identical to hemorrhagic risk, which 
should not make us give up anticoagulation, as hemorrhagic risk contains many controllable and variable factors and is 
not extremely restrictive but indicative. Certainly, we have enough reasons to be anxious about the routine use of limited 
risk scores, both ischemic (native) and hemorrhagic (iatrogenic). Moreover, studies undertaken with various DOACs 
(anti-factors Xa or IIa) have shown great variability in the results of undifferentiated applications based on ethnicity, age, 
standard doses, and body weight.11

New and Alternative Thrombotic/Hemorrhagic Risk Factors and Scores
The guidelines tell us that CHA2DS2-VASc – HAS BLED scores are sufficient for routine practices, although from 
medical practice as well as from research work and studies undertaken, their shortcomings when it comes to individua-
lizing indications are known. Alternative risk scores – for ischaemia – ORBIT, ATRIA, ABC, ABCD-SD, AS5F12 may 
prove useful for certain groups of patients, even if this makes the work of individualizing risk more difficult. No less 
important is the reporting of ischemic strokes by NIHSS score, not only for the assessed severity but also for the most 
effective follow-up antithrombotic treatment.
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Also, hemorrhagic risk scores can mean advantages in their individualization, beyond the uniform practicality of the 
HAS-BLED score. HEMORR₂HAGES, ORBIT, ATRIA, GARFIELD-AF scores seem to further complicate individua-
lized calculations.13 With all these advances and studies, a unifying attitude is still difficult to adopt without reservations. 
Where, in ischemic risk scores, for example, are data on left atrial geometry and remodeling,14 participation of 
inflammatory-prothrombogenic factors, beyond the biological markers in the ABC score, impact of epicardial inflam-
matory fat, etc.? Furthermore, where are some new data on markers that increase (even independently of correct OAC 
use) thrombotic risk, such as bone morphogenetic protein 10 (BMP10), a protein expressed in the atrial myocardium?15 

However, in-depth studies of left atrial systolic function, epicardium, left atrial endocardium, cardio-metabolic risk, and 
electrophysiological mechanisms, coupled with DNA sequencing for specific genetic risk (increasingly available for 
screening) seem to bring many new insights into not only the usefulness of anticoagulation and appropriate dosages but 
also the particularity of efficacy (also genetically determined), depending on specific parameters of the individual 
concerned. Changes in atrial geometry from physiological ellipsoid shape and size to truncated conical shapes or other 
distortions with increased volume and altered left atrial systolic performance leads not only to increased risk of AF but 
also to increased risk of atrial thrombosis, even in the absence of evidence of AF attacks or other arrhythmias.

Of course, an exciting prospect is the advanced studies with anti-factor XI-a16 – Asundexian (PACIFIC-AF study), 
very possibly an answer to many of the current questions about the efficacy and safety of anticoagulation with aVK vs 
DOAC (anti-factor X-a or II-a), but also a new challenge, both in terms of the pharmacological-biochemical rationale for 
intervening in the “coagulation cascade” and, in terms of direct clinical evidence obtained in randomized trials, with 
strong efficacy and safety targets. As can be seen in recent decades, for new, relatively abundant antithrombotic 
medication, the competition is driven by safety goals, with no significant difference in efficacy between competitors.

Another large and severe risk category is acute or chronic patients with NVAF and coronary artery disease, especially 
those requiring revascularization. Protocols of studies such as PIONEER-AF PCI, RE DUAL-AF PCI, ARISTOTLE-AF 
PCI, or ENTRUST-AF PCI have shown that the relatively uncomfortable accompaniment of an anticoagulant (especially 
a DOAC) with antiplatelet therapy – necessary in native coronary artery disease, but also in iatrogenic post-PCI with 
a pharmacologically active stent can be controlled in the hope of minimizing the risk of bleeding by a minimal period of 
triple therapy (COCA+Aspirin+P2Y12 inhibitor) – from 1 week to a maximum of 1 month and preferential association 
with Clopidogrel (from the P2Y12 inhibitor category), especially in elderly and frail patients – frailty, instead of more 
potent inhibitors, over a period of 3–6 months of double antithrombotic therapy, followed by DOAC, without any other 
antithrombotic combination. Of course, this therapeutic scheme must consider not only fragility and multiple comorbid-
ities but also anatomical-interventional particularities, surface and location of coronary stents, and so on. This may lead 
to an increase in the period of double association to 12 months.

The relatively recently completed 15-month surveillance trial – MASTER DAPT – in the section of coronary patients 
anticoagulated for AF states that a shorter period of double combination (3 months) can give good results in most 
patients, both for thrombotic risk and especially for hemorrhagic risk. As mentioned above, thrombotic risk figures often 
increase in tandem with hemorrhagic risk figures, especially with age.17 In general, the problem of choosing the right 
approach in elderly and inactive patients with obvious frailty criteria is a difficult challenge for all clinicians. On the one 
hand, the need for anticoagulation increases with age. The risk of hemorrhages, and in particular, of the most threatening 
form – intracerebral hemorrhages – increases similarly. Many studies and opinions have shown that in this category of 
patients, not only multiple comorbidities but also the ability of drugs to be absorbed and metabolized, protein binding, 
bioavailability, and pharmacodynamics are affected, together with renal, hepatic, and visceral disorders, but also 
polypragmaemia, which often occurs in these cases, leads to an increased risk of hemorrhage, through association 
with other self-administered drugs (especially non-steroidal anti-inflammatory drugs for rheumatic alginitis), which can 
increase this risk.18 Moreover, the issue of anticoagulant treatment after an intracerebral hemorrhagic stroke poses 
multiple problems, but this does not mean that anticoagulant therapy should be abandoned and correctly reinstated after 
7–8 weeks.19

The circumstances of the new invasive therapeutic attitudes also need to be clarified. Catheter-ablation in AF has 
made great strides in the last decade. However, the decision to stop anticoagulation remains controversial, even in the 
case of seemingly certain therapeutic success, given arrhythmic relapses, and atrial endocardial scarring, as well as the 
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case history of pulmonary vein thrombosis.20 The HRS/EHRA/ECAS expert consensus statement suggests at least 2–3 
months of anticoagulation following AF ablation, with some studies indicating that longer durations may be warranted 
for high-risk patients.5 Post-ablation anticoagulation decisions should be individualized based on patient characteristics 
and the procedural outcome. If the procedure is deemed successful, with no evidence of arrhythmia recurrence during 
follow-up, the risk of thromboembolism may be reduced, and anticoagulation therapy can be reconsidered. Certain 
factors may increase the risk of thromboembolic events post-ablation, necessitating continued anticoagulation. These 
include a history of prior embolic events, persistently enlarged left atrium, presence of significant comorbidities, and the 
presence of residual arrhythmia or incomplete ablation. Another factor that may increase the risk of thromboembolic 
events post-ablation is a persistent left atrial reservoir strain impairment as assessed by two-dimensional speckle tracking 
echocardiography” which might suggest maintaining anticoagulation treatment.21 Shared decision-making between the 
patient and the health-care provider is essential in weighing the potential risks and benefits of anticoagulation therapy.

Likewise, in the case of left auricular occlusion (LAA occlusion), the decision to stop anticoagulation permanently is 
difficult, especially in the elderly, with increased bleeding and thrombotic risk.22 Although LAAO significantly reduces 
the risk of stroke by eliminating the source of blood clot formation, it does not eliminate the risk entirely. Despite 
successful occlusion, there is a possibility of residual LAA function or incomplete closure, which may result in clot 
formation and subsequent embolism. It is also important to keep in mind that even if the typical thrombus formation is in 
the LAA, the location of atrial thrombus in NVAF patients could also be extra-appendage, that is, attached to the left 
atrial free wall or atrial roof or interatrial septum. Notably, a left atrial cavity thrombus may be detected in some high-risk 
NVAF patients, such as elderly with heart failure and/or left ventricular dysfunction, and larger left atrial volumes, who 
are not adequately anticoagulated. Therefore, LAA closure alone will not eliminate the chances of thromboembolism in 
this cohort of patients.23,24 Currently, there is no consensus or established guidelines regarding the duration of antic-
oagulation post-LAAO. The decision on the duration of anticoagulation should be based on individual patient character-
istics, the procedural outcome, and the overall risk-benefit assessment.

Several factors influence the decision-making process, including the patient’s CHA₂DS₂-VASc score, which assesses 
stroke risk factors such as age, hypertension, diabetes, and prior stroke. Additionally, the procedural success, presence of 
residual leaks, and LAA thrombus at the time of occlusion play a role in determining the need for and duration of 
anticoagulation.22 Collaboration between the patient, cardiologist, and stroke specialist is crucial in making informed 
decisions regarding anticoagulation therapy.

The decision to continue or discontinue anticoagulation after LAAO should be individualized based on the patient’s 
risk profile and the procedural outcome. Patients with a high CHA₂DS₂-VASc score, residual LAA leaks, or documented 
LAA thrombus at the time of occlusion may benefit from continued anticoagulation therapy. However, patients with low 
CHA₂DS₂-VASc scores, successful occlusion, and no evidence of LAA thrombus may be considered for anticoagulation 
discontinuation.

It is important to consider the potential bleeding risks associated with long-term anticoagulation therapy, especially in 
patients who underwent LAAO due to high bleeding risk. The decision to continue or discontinue anticoagulation should 
involve a comprehensive evaluation of both thromboembolic and bleeding risks, considering the individual patient’s 
overall health status and preferences. In some cases, alternative antithrombotic strategies may be considered in place of 
long-term anticoagulation therapy. Dual antiplatelet therapy (DAPT) with aspirin and a P2Y12 inhibitor, such as 
clopidogrel, has been explored as an option for stroke prevention following LAAO. This approach aims to provide 
a balance between reducing thromboembolic events and minimizing bleeding risk. However, the efficacy and safety of 
DAPT in this context are still under investigation, and it is not currently recommended as a standard practice.

Anticoagulation and LA Remodelling Importance in Clinical Practice
A special role in assessing thrombotic risk should normally play in left atrium remodelling, since fibrotic atrial 
cardiomyopathy is correlated with embolic strokes of undetermined origin even in non-AF patients.25 However, left 
atrium enlargement should not be overlapped with LA cardiomyopathy, since AF electroconversion seems safe even in 
patients with LA dilatation.26 LA remodelling can be described as a time-dependent process involving structural, 
functional, and/or electrical alterations in response to pressure and/or volume overload, metabolic, or electrical stressors. 
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Heart failure, arterial hypertension, and valvular heart disease are the main conditions impairing LA function. 
Nevertheless, subclinical LA remodelling was demonstrated even in patients with frequent premature ventricular 
contractions.27,28

LA size is to be assessed at the end of LV systole, when the LA chamber is maximal, and care should be taken to 
avoid foreshortening of the LA. Because the long axes of the left ventricle and LA are situated in different plans, the 
4-chamber view may be obtained in several angulations. The base of the left atrium should be at its maximal size, and LA 
length should also be maximized (provide positioning along the true LA long axis).

The LA assessment guideline29 stated that when tracing the borders of the left atrium, the confluence of the 
pulmonary veins and the LA appendage should be excluded. The 2019 guidelines recommendation is compulsory: LA 
volume assessment for the best evaluation of LA size evaluation. However, the real border between the left atrium (LA) 
and pulmonary veins (PV) is yet to be defined, and PV antrum implication/importance in the geometry of LA dilatation is 
not even mentioned and has not been completely investigated. Therefore, there is an important unexplored field to 
redefine a more accurate echocardiographic evaluation of LA, which is inexpensive and accessible but it is not even close 
in preciseness to gold standard CT/RMO. Direct comparative evaluation can be easily done for patients undergoing AF 
ablation (indication of 3D CT evaluation of LA and complete echocardiographic evaluation of LA).

This committee of guidelines in chamber evaluation did not mention recommending the use of 3D echocardiographic 
evaluation for LA due to the lack of a standardized methodology and limited normative data. Angulation of transducer 
importance and apparent LA shape modification may mislead a precise LA volume evaluation (Figure 1a and b).

The LA endocardial borders can be traced in apical four-chamber view. A single-plane approach can be used, but the 
guidelines affirm that this method is based on the geometric assumption that the left atrium is circular and this is often not 
accurate. PV origin and visualisation should be taken into consideration while assessing LA size apical four chamber 
view. Figure 2 presents a suggestive image for a trapezoidal LA shape and a practical example of LA tracing after 
pulmonary veins ostia definition and consecutive evaluation of shape remodelling (Figure 2a–c).

LA and LV remodelling should be evaluated as a pathophysiological continuum, in both ways, for better or worse. In 
HF patients with cardiac resynchronization therapy, in particular fusion pacing CRT, left atrium reverse remodelling was 
associated with a lower incidence of atrial fibrillation.30–32 The relevance of sinus rhythm preservation in patients 
undergoing CRT pacing is linked to events free of hospitalisation and superior survival. LA function is an important 
determinant of outcome in these patients. The better the function, the better the survival.

Structural remodelling of the LA is a complex expression of underlying atrial cardiomyopathy, associated with an 
increased risk of developing AF even in healthy individuals. Accurate imaging of LA structural remodeling provides 

Figure 1 (a and b) Example of LA shape changing due to 2 different angulations while searching for PV visualisation.
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prognostic information and influences therapeutic choices and, perhaps, should be involved in the anticoagulation 
decision in special categories of patients.

Bayes syndrome, associated with LA electrical and mechanical remodelling, has recently been identified as a novel 
risk factor for non-lacunar cardioembolic ischemic stroke and vascular dementia. Bayes syndrome is characterized by 
advanced interatrial block and supraventricular arrhythmias such as atrial flutter and atrial fibrillation; the main 
electrocardiographically manifestation for the subclinical form is a prolonged P wave duration >120 ms with biphasic 
morphology ± in the inferior leads. Although a poorly recognized disease, Bayes syndrome could have important 
cardiologic and neurologic implications.33

The Interplay Between Inflammation and Thrombosis
Although strong literature data advocate that AF is related to augmented systemic inflammatory status and platelet 
activation, the relation of stroke risk to LA inflammation is not considered as a parameter of risk calculator for systemic 
embolism.

Inflammation and thrombosis are two interconnected processes that play crucial roles in our body’s immune response 
and maintenance of vascular health. These two processes are closely linked, and the dysregulation of either can lead to 
a heightened thrombotic risk.30 Understanding the relationship between inflammation and thrombotic risk is essential in 
developing effective preventive strategies.

Inflammation can directly trigger a pro-thrombotic state by promoting the activation of platelets and clotting factors, 
increasing the expression of adhesion molecules, and altering the balance between procoagulant and anticoagulant 
factors. Furthermore, inflammatory cells release extracellular traps called neutrophil extracellular traps (NETs), which 
can contribute to the formation of blood clots.34 Conversely, thrombosis can also induce and sustain an inflammatory 
response. When blood clots form within blood vessels, they can obstruct blood flow, leading to tissue ischemia and 

Figure 2 (a) An example of trapezoidal LA shape, LA basal diameter ˃ LA transversal diameter. (b) Practical example of LA tracing after (pulmonary vein) PV ostia definition 
and consecutive evaluation of shape remodelling. (c) The border of LA/PV is the line between each side of the intersection of a line tangential to the PV and LA walls.
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damage. This can result in the release of damage-associated molecular patterns (DAMPs) and the activation of immune 
cells, triggering an inflammatory response. Inflammatory cells recruited to the site of thrombosis can further exacerbate 
clot formation, perpetuating a vicious cycle of inflammation and thrombosis.35,36

Inflammatory status plays a significant role in the pathogenesis of various cardiovascular diseases, including atrial 
fibrillation. Emerging evidence suggests that inflammation contributes to left atrial remodeling, highlighting the intricate 
interplay between inflammation and cardiovascular health.37 Inflammation promotes the activation and infiltration of 
immune cells, such as macrophages and lymphocytes, into the left atrial tissue. These immune cells release pro- 
inflammatory cytokines, chemokines, and growth factors, which trigger a cascade of molecular and cellular events 
leading to fibrosis, hypertrophy, and electrical remodeling of the atrial tissue. These changes contribute to atrial structural 
abnormalities and electrical instability, and predispose to the development and maintenance of AF.38

Inflammatory mediators, such as C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha 
(TNF-α), have been associated with left atrial enlargement and fibrosis, both of which are markers of left atrial 
remodeling.39 Moreover, inflammation-induced oxidative stress and the production of reactive oxygen species (ROS) 
can promote fibroblast activation and collagen deposition in the atrial tissue, further contributing to left atrial 
remodeling.40,41

Additionally, inflammation-targeted therapies, such as anti-inflammatory medications or immunomodulatory agents, 
are being investigated as potential interventions to mitigate left atrial remodeling and prevent AF progression.42,43 These 
interventions aim to suppress the inflammatory response, reduce immune cell infiltration, and inhibit the release of pro- 
inflammatory cytokines and chemokines.

In conclusion, inflammation plays a crucial role in the pathogenesis of left atrial remodeling, contributing to the 
development and progression of AF. The activation of immune cells and the release of pro-inflammatory mediators 
initiate a cascade of events leading to structural and functional changes in the left atrium. Understanding the interplay 
between inflammation and left atrial remodeling may provide insights into novel therapeutic targets and strategies for the 
prevention and management of AF. Further research is warranted to elucidate the underlying mechanisms and to evaluate 
the clinical efficacy of inflammation-targeted interventions in attenuating left atrial remodeling and improving cardio-
vascular outcomes.

Genetics and Atrial Fibrillation
Atrial fibrillation has a multifactorial etiology, with genetic factors estimated to account for approximately 30% of the 
disease’s heritability. Advances in genetic research, including genome-wide association studies (GWAS) and familial 
studies, have identified various genetic variants associated with AF development.44

One of the most commonly implicated genes in AF is the KCNH2 gene, which encodes the alpha subunit of the 
potassium channel responsible for repolarization in cardiac cells. Mutations in this gene can lead to prolonged action 
potentials and abnormal electrical activity, increasing the risk of AF. Other genes involved in ion channel function, such 
as KCNQ1 and SCN5A, have also been associated with AF susceptibility.45,46 Additionally, genetic variations in 
structural proteins of the heart, such as MYH6 and MYH7, have been linked to an increased risk of AF. These proteins 
play a crucial role in the organization and function of cardiac muscle cells, and alterations in their structure or function 
can disrupt normal electrical signaling.47

Traditionally, the decision to anticoagulate patients has been based on clinical risk factors, such as age, hypertension, 
diabetes, and prior stroke or transient ischemic attack. However, emerging evidence suggests that genetic factors may 
also play a role in determining the appropriate anticoagulation therapy. Certain genetic variations, particularly those 
related to clotting factors and platelet function, have been associated with an increased risk of thromboembolic events in 
AF patients. For example, variations in the genes encoding clotting factors II, V, VII, and X, as well as von Willebrand 
factor, have been linked to a higher risk of stroke in individuals with AF.48,49 Genetic variants affecting platelet function, 
such as P2Y12 receptor polymorphisms, may also influence the efficacy of antiplatelet therapy in preventing stroke.50

Pharmacogenomic considerations are also relevant when selecting oral anticoagulants. Genetic variations in the 
cytochrome P450 enzyme system, specifically CYP2C9 and VKORC1 genes, can affect metabolism and response to 
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warfarin.51,52 Knowledge of these genetic factors can aid in determining the appropriate initial dose and subsequent 
monitoring of warfarin therapy to achieve therapeutic anticoagulation.

As a future perspective, genetic testing could identify individuals at increased risk of developing AF and help stratify 
patients according to their thromboembolic risk. This information could then be used to inform decisions regarding 
anticoagulation therapy, dosage adjustments, and the selection of specific anticoagulant agents.

However, it is important to consider that genetic factors are only one piece of the puzzle, and the decision to 
anticoagulate should still be made in conjunction with clinical risk assessments and guidelines. Collaborative efforts 
between cardiologists, geneticists, and researchers are necessary to continue unraveling the complex genetic under-
pinnings of AF and develop tailored approaches to patient management.

The role of emerging and less extensively documented stroke risk factors, as previously described, remains uncertain. 
However, through meticulous clinical studies, we can gain a deeper understanding and enhance our ability to formulate 
more customized primary and secondary stroke prevention strategies. An essential line of future research should be the 
assessment of the impact of left atrium remodelling, inflammation, and genetics on anticoagulation of atrial fibrillation in 
a subgroup of very old patients (aged 80 or older), since demographics and risk factors are quite different in this age 
segment of stroke patients.53

Table 1 presents a simple and concise review of the main findings of several recent studies in the literature regarding 
the role of left atrium remodelling, inflammation and genetics in the anticoagulation of atrial fibrillation. Nevertheless, 
this data should be integrated extensively, along with the knowledge and clinical judgment individualized for each 
patient.

Table 1 Brief Review of the Main Findings Regarding the Role of Left Atrium Remodeling, Inflammation and Genetics in the 
Anticoagulation of Atrial Fibrillation

Study Title Authors Year Study Design Main Findings

Atrial fibrillation – a complex polygenetic 
disease.

Andersen, JH. 
et al45

2020 Literature 
Review

- Variants in ion-channel genes, eg, in sodium 
and potassium-channel genes and in non-ion- 
channel genes, including structural genes, have 
been associated with AF

Left atrial remodeling and thromboembolic risk 
in patients with atrial fibrillation.

Chung H, Lee 
JM54

2022 Observational - LA and LAA remodeling are significantly 
associated with thromboembolic risk. 
Therefore these parameters should be 
considered along with CHA2DS2-VASc score 
to assess stroke risk stratification in patients 
with AF.

Relation of hs-CRP and BNP levels with the 
atrial spontaneous echo contrast and thrombi 
in permanent atrial fibrillation patients with 
different etiologies.

Sahin T, et al55 2012 Observational - Higher hs-CRP levels in AF patients may be 
a predictor of the presence of SEC and thrombi 
in the atria.

Inflammation and atrial fibrillation: 
a comprehensive review

Korantzopoulos 
P, et al39

2018 Literature 
Review

- Inflammatory mechanisms are implicated in 
various underlying conditions, producing the 
substrates necessary for AF

Large-scale analyses of common and rare 
variants identify 12 new loci associated with 
atrial fibrillation

Christophersen 
IE, et al56

2017 Meta-analyse - Identified 12 novel genetic loci that exceeded 
genome-wide significance, implicating genes 
involved in cardiac electrical and structural 
remodeling; nearly double the number of 
known genetic loci for atrial fibrillation, provide 
insights into the molecular basis of atrial 
fibrillation, and may facilitate new potential 
targets for drug discovery.

Atrial remodeling and atrial fibrillation in 
acquired forms of cardiovascular disease

Jansen H, et al57 2020 Literature 
Review

- Electrical and structural remodeling of the 
atria is a common theme in the creation of 
a substrate for AF to develop and progress.

(Continued)
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Conclusions and Future Perspectives
With all these studies and expert opinions, there are still differences in therapeutic protocols in the administration of 
some DOACs (Dabigatran dosages – USA vs Europe, Apixaban administration in severe renal failure USA, etc.). 
Low dosages according to three criteria – age, weight status, and renal function (2 out of 3 criteria) remain 
somewhat controversial, with insufficient clinical evidence of efficacy for low doses for some DOACs. Moreover, 
it appears that the use of OAC, including DOAC in the severely obese or severely underweight, is still a matter of 
dispute.

However, AF remains a multifactorial pathology that is still sufficiently hidden, both in terms of patient perception, 
the perception of medical staff towards a consistent preventive anticoagulation attitude and the still high morbidity and 
mortality figures recorded, especially in the population over 70. Loss of compliance, adherence, and persistence to these 
radical treatments can mean a bitter failure. For this reason, educating health-care networks, and especially patients, 
intra-family supervision of medication administration and prevention of life-threatening attitudes leads to substantial 
gains in lives and quality of life.

Further research is needed to validate and compare the performance of the new thrombotic risk scores in different 
patient populations. Additionally, ongoing advancements in precision medicine and the integration of genetic and 
biomarker data may further refine and personalize thrombotic risk assessment in AF.

This is a challenge for any modern health system.
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Table 1 (Continued). 

Study Title Authors Year Study Design Main Findings

Prevention of pathological atrial remodeling 
and atrial fibrillation: JACC state of the art 
review.

Chen Y, et al58 2021 Literature 
Review

- An improved understanding of key 
mechanisms responsible for adaptive and 
maladaptive atrial enlargement is likely to 
provide new insight for preventing and treating 
AF.

Direct thrombin inhibitors prevent left atrial 
remodeling associated with heart failure.

Jumeau C, 
et al59

2016 Prospective 
interventional

- The study provides the first evidence for 
a role in vivo of thrombin/PAR-1 signaling in the 
development of atrial dilation and 
arrhythmogenic substrate.

Does elevated C-reactive protein increase 
atrial fibrillation risk?: a Mendelian 
randomization of 47,000 individuals from the 
general population

Marrott S, 
et al60

2010 Prospective - Elevated plasma CRP is robustly associated 
with increased risk of atrial fibrillation; 
however, genetically elevated CRP levels did 
not.

Oxidative stress and inflammation as central 
mediators of atrial fibrillation in obesity and 
diabetes

Karam BS, 
et al38

2017 Review - Atrial fibrillation, obesity, and diabetes 
mellitus are intertwined disorders that are 
linked with oxidative stress and inflammation. 
Both factors exacerbate atrial electrical and 
structural remodeling, leading to the formation 
of an adverse substrate that facilitates AF 
initiation and maintenance.

Association of the MYH6 gene polymorphism 
with the risk of atrial fibrillation and warfarin 
anticoagulation therapy

Ting F, et al61 2021 Observational - The three SNPs (rs28730771, rs365990, and 
rs2277473) of the MYH6 gene loci were 
significantly associated with the risk of AF 
susceptibility and the dose of warfarin 
anticoagulant therapy.

Abbreviations: BNP, brain natriuretic peptide; CRP, C reactive protein; LA, left atrium; LAA, left atrium auricle; hs-CRP, high sensitive C reactive protein; SEC, spontaneous 
echo contrast.
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