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A B S T R A C T   

Since 1995, the concept of atrial cardiomyopathy (ACM) has been associated with myocardial fibrosis. Despite a 
consensus document in 2016, ACM’s definition primarily relies on histopathological findings. The focus on 
diagnostic criteria for ACM is driven by the potential link to thromboembolic events even independently on atrial 
fibrillation (AF). The complexity of the mutual relationships between ACM and AF makes difficult any assessment 
of the thromboembolic risk associated to ACM per se. ACM’s thrombogenicity is a multifaceted clinical phe-
nomenon involving electrical, functional, and structural modifications. Factors such as cardiovascular risk factors 
(e.g., hypertension), common cardiac comorbidities (e.g., heart failure), and extracardiac conditions (e.g., 
neuromuscular disorders) can promote atrial derangement, triggering atrial fibrillation (AF) and increasing the 
risk of thromboembolic events. Several diagnostic methods are available to detect the key features of ACM, 
including electrical changes assessed by surface and intracavitary ECG, and structural and functional alterations 
evaluated through echocardiography and cardiac magnetic resonance (CMR). These methods can be com-
plemented by electro-anatomical mapping (EAM) to enhance the accuracy of myocardial tissue characterization 
and assessment of atrial fibrosis. Although certain clinical conditions (e.g., atrial high-rate episodes, AHREs; 
embolic stroke of undetermined source, ESUS) often exhibit atrial alterations in their thromboembolic pre-
sentations, recent randomized trials have failed to demonstrate the benefits of oral anticoagulation in patients 
with ACM without AF. However, ACM constitutes the substrate for the development of AF, as proposed in the AF 
European guidelines under the 4S-AF scheme. This review emphasizes the lack of a diagnostic gold standard and 
the need for clinical criteria for ACM, aiming to better understand the potential therapeutic implications of atrial 
structural and functional derangements, even in the absence of clinical evidence of AF.   

1. Introduction 

The term “atrial electrical remodeling” encompasses the changes 
observed within the atrial myocardium, whether or not they are linked 
to atrial fibrillation (AF). This term was initially introduced in 1995 by 
Allessie’s group in the context of experimental studies that demon-
strated the concept of ‘AF begets AF’. This phenomenon arises as a 
consequence of the shortening of the atrial action potential and other 
electrical alterations in the atria [1]. Since 2016, the term atrial car-
diomyopathy (ACM) was introduced by Goette et al. as “any complex of 
structural, architectural, contractile or electrophysiological changes 
affecting the atria with the potential to produce clinically-relevant 
manifestations” [2]. In the same consensus document, the authors first 
reported a new EHRAS (for European Heart Rhythm Association; 
EHRA/Heart Rhythm Society; HRS/Asian Pacific Heart Rhythm 

Association; APHRS/Latin American Society of Electrophysiology and 
Cardiac Stimulation; SOLAECE) classification for ACM taking into ac-
count four classes of ACM: (I) principal cardiomyocyte changes; (II) 
principally fibrotic changes; (III) combined 
cardiomyocyte-pathology/fibrosis; and (IV) primarily non-collagen 
infiltration (with or without cardiomyocyte changes). However, it 
must be considered that ACM is an entity that should be approached 
with different diagnostic methods, while the EHRAS classification is 
based only on histopathologic findings, thus making it of complex 
application in the daily clinical practice (PMID: 37169,634) [3]. Within 
this evolving scenario, characterized by an increasing interest on ACM, 
in recent years the number of publications on PubMed with the term 
“atrial cardiomyopathy” steeply increased (Fig. 1). 
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1.2. Atrial cardiomyopathy: characterization and associated clinical 
conditions 

One of the primary healthcare concerns associated with atrial car-
diomyopathy (ACM) is the potential increase in thromboembolic risk, 
which may occur due to atrial contractile dysfunction and fibrosis, 
regardless of the presence of atrial fibrillation (AF) [4]. Among throm-
boembolic events linked to AF, ischemic stroke stands out as a signifi-
cant concern. Globally, ischemic stroke remains the third leading cause 
of death, as per WHO [5], and within the European Union (EU), its 
annual incidence varies from 95 to 290 cases per 100,000 people, 
resulting in approximately 440,000 deaths per year [6,7]. The estimated 
direct and indirect costs range from 25 to 45 billion euros, posing a 
growing social challenge due to the aging population and its conse-
quences [8]. According to literature, AF is a significant contributor to 
the risk of stroke, especially cardioembolic stroke, and the beneficial 
effects of anticoagulation are well-established. [9,10] However, 
thrombogenicity at the atrial level is a complex phenomenon involving 
electrical and structural changes in addition to external factors [11,12]. 
Atrial fibrillation without concomitant conditions, previously defined as 
“lone” AF, is associated with a lower risk of stroke (1–2 % cumulative 
15-year risk) compared to AF patients with multiple comorbidities 
[13–15]. Numerous cardiovascular risk factors and complex clinical 
conditions contribute to the risk of thromboembolic events, prompting 
the question of ACM’s contribution to thromboembolic risk, regardless 
of the clinical detection of atrial fibrillation. Notably, patients with heart 
failure (HF) often exhibit a degree of atrial cardiomyopathy, leading to 
an increased risk of stroke due to elevated filling pressure and blood 
stasis in the left atrium (LA), irrespective of ejection fraction [16,17]. 
Addressing atrial remodeling in HF through tailored AF ablation and 
novel therapeutic strategies, such as SGLT2 inhibitors, appears crucial in 
reducing adverse clinical outcomes associated with ACM [18–20]. Atrial 
function impairment is also observed in valvular HF, particularly in 
mitral stenosis and mitral regurgitation due to LA dilation accompanied 
by interstitial fibrosis, chronic inflammation, and cellular glycogen 
accumulation [21]. Furthermore, primary cardiomyopathies like hy-
pertrophic cardiomyopathy are associated with an increased risk of 
thrombus formation, primarily due to ventricular diastolic dysfunction 
[22]. 

While ACM may result from ventricular dysfunction, substantial 
evidence indicates that ACM can occur as a primary myocardial disor-
der, as is the case with amyloidosis. LA remodeling is particularly pro-
nounced in wild-type transthyretin amyloidosis (ATTRwt), leading to an 
enhanced risk of stroke, likely linked to a longer onset of symptoms 
compared to AL amyloidosis [23]. Neuromuscular disorders, such as 
Emery–Dreifuss disease, are linked to dilated cardiomyopathy and atrial 
involvement with extensive fibrosis, increasing the risk of thromboem-
bolic events [24,25]. Moreover, common cardiovascular risk factors like 

diabetes mellitus, hypertension, and obesity trigger atrial derangements 
[26–28], as does population aging [29], elevating the risk of thrombo-
embolism and necessitating comprehensive patient care. Similarly, the 
presence of coronary artery disease (CAD), even in the context of acute 
coronary syndromes, [30] and peripheral artery disease (PAD) [31], is 
often associated with LA enlargement, suggesting ongoing atrial 
remodeling and underlying ACM in patients with a high atherosclerotic 
burden, ultimately leading to the development of AF and stroke [32]. 
Additional coexisting conditions linked to AF and impaired atrial func-
tion encompass chronic kidney disease, malignancies, and the medica-
tions used in cancer treatment [33–35]. Lastly, inflammation plays a 
crucial role in triggering atrial dysfunction, acting as the common 
pathway across various conditions, ranging from infective conditions to 
invasive therapeutic strategies such as cardiac and non-cardiac surgeries 
[36–38]. Given this heterogeneous panorama of cardiovascular and 
non-cardiovascular conditions related to atrial dysfunction, AF could be 
considered an expression of the ACM spectrum and a specific marker of 
atrial thrombogenicity progression, rather than a direct causative factor 
for cerebrovascular events [39]. 

The ACM is essentially the result of a complex interplay of factors 
that substantially influence structural and functional changes in the 
atrium (Fig. 2)., and there are complex inter-relationships with a wide 
spectrum of atrial arrhythmias, including frequent atrial premature 
ectopias (APCs), AHREs, and of course AF. These pathogenetic factors 
intricately intertwine, giving rise to a unique clinical picture. The 
intricate interactions between various pathogenetic mechanisms and the 
structural, functional, and electrical manifestations of atrial cardiomy-
opathy are pivotal to its understanding. However, once appropriately 
identified and comprehended during its natural history, these in-
teractions can be partially modulated through pharmacological in-
terventions (eg., antiarrhythmic drugs, AAD) and invasive procedures 
(e.g., ablation procedures). Therefore, it is essential to underscore that 
atrial dysfunction is closely associated with progressive left ventricular 
cardiac dysfunction. This may entail an increase in mitral valve regur-
gitation entity, a reduction in ventricular performance, and conse-
quently, an elevation in adverse cardiac events and all cause death, 
including acute thromboembolic events (stroke/TIA) and a worsening of 
the quality of life through a cognitive decline [40]. Within this vicious 
cycle, early diagnosis of ACM assumes a paramount role. A feasible and 
reliable diagnosis in routine clinical practice could allow for effective 
interventions in mitigating adverse outcomes, through the imple-
mentation of beneficial therapies. This approach can significantly 
enhance the quality of life for patients with ACM and reduce the risk of 
severe complications. The complexity of the mutual relationships be-
tween ACM and AF makes difficult any assessment of the thromboem-
bolic risk associated to ACM per se. Indeed, it is essential to emphasize 
that at present, ACM itself, in the absence of AF, is not an indication for 
long-term oral anticoagulation to prevent thromboembolic events and 
stroke. 

2.1. ECG and intracavitary ECG 

The standard 12-lead ECG is a fundamental diagnostic tool in car-
diology. Primary evaluation of the P wave across leads can typically be 
carried out in D2 and V1. Any alterations in the P wave may be linked to 
an underlying ACM, as shown in various studies [30,41,42]. Many 
studies have sought to assess early P wave changes associated with 
stroke and AF incidence before structural manifestations of this sub-
clinical electrical disturbance become evident. For example, Kohsaka 
et al. demonstrated that a P-wave duration >120 ms or P-terminal force 
in precordial lead V1 (PTFV1) ≤ − 4000 µV × ms could increase the risk 
of systemic thromboembolism [43]. Similarly, the Multi-Ethnic Study of 
Atherosclerosis found that P-wave terminal force in lead V1 was more 
associated with incident stroke than AF development [44]. In the 
Northern Manhattan Study, ECG-LA abnormalities were linked to 
cryptogenic/cardioembolic stroke even without AF [45]. This suggests 

Fig. 1. Number of publications per year since 1995 about atrial cardiomyop-
athy (ACM). 
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that electrical instability, potentially due to atrial fibrosis, plays a role as 
a pre-AF substrate, as supported by studies showing an increased inci-
dence of AF in patients with excessive APCs [46,47]. Recently, amplified 
P-wave analysis (APWA) has shown promise in detecting low-voltage 
areas in atrial cardiomyopathy patients, enabling early diagnosis and 
improved patient management [48,49]. In this context, 12-lead ECG, 
while a simple tool, could offer essential insights for patient manage-
ment through machine learning [50]. 

Furthermore, continuous monitoring via cardiac implantable elec-
tronic devices can provide valuable information for detecting ACM. 
Atrial High-Rate Episodes (AHREs), detected with an atrial lead as an 
intracavitary electrogram (EGM), have been associated with an 
increased risk of clinical AF and systemic thromboembolism [51,52]. A 
higher burden of AHREs strongly correlates with the development of 
clinical AF and ACM progression [53,54]. An AHREs duration exceeding 
24 h justifies oral anticoagulation (OAC) in patients with a high/very 
high estimated individual risk of stroke [55]. While AHREs detection 
may indicate atrial electrophysiological derangement, further research 
is required to establish the correlation between AHREs burden and the 
extent of structural ACM. 

2.2. Electroanatomic mapping (EAM) 

Invasive electroanatomic mapping systems (EAM) enable the 
assessment of the substrate in atrial cardiomyopathy and atrial fibril-
lation [56–58]. These systems provide a detailed anatomical description 
of the structures, even in complex cases such as variations in PV anat-
omy, coupled with their electrical activity. Additional imaging modal-
ities like pre-acquired anatomic images (3D-Echocardiography or cMRI) 
or real-time contrast angiography can enhance accuracy [59]. EAM 
software generates a 3D-colored model where each color scale corre-
sponds to a local bipolar voltage value [60]. Despite being an invasive 
technique, EAM may enable the detection of electrophysiological al-
terations in the LA, potentially occurring in the early stages of ACM 
development. Findings such as increased effective refractory period, 
conduction time, bi-atrial activation time, decreased conduction 

velocity, corrected sinus node recovery time, and lower voltage areas are 
typical in AF patients undergoing AF ablation for paroxysmal AF and 
may serve as electrophysiological indicators of ACM even in patients 
with sinus rhythm [61]. 

Low-voltage areas (LVAs) detected with endocardial mapping 
correspond to regions in the atria with local fibrosis [62]. An association 
between increased LVAs and diffuse voltage reduction in the LA has 
been demonstrated. Additionally, LA voltage is significantly lower in 
patients with high CHA₂DS₂VASc scores, suggesting a link between 
electroanatomic LA remodeling and stroke risk in AF patients [63]. 
Notably, when performing extensive voltage mapping of the LA before 
AF ablation, larger LA fibrosis areas correlated significantly with 
increased LA size and inflammatory markers, which are distinctive 
features of ACM [64]. However, there is currently no consensus on cutoff 
values for fibrosis, and the extent of low voltage area does not strongly 
correlate with the clinical history in AF patients [65–70], despite 
multimodal investigations with EAM and imaging techniques poten-
tially improving substrate detection for atrial arrhythmias [71]. The 
possibility of non-invasively atria mapping to detect ACM presence and 
its extent is an intriguing area currently under investigation [72]. 

2.3. Echocardiography 

Echocardiography is the leading non-invasive imaging technique 
used in cardiology, and it is the most widespread imaging technique 
used to diagnose ACM and assess left atrial function. The left atrium (LA) 
plays a crucial role in the cardiac cycle by modulating the diastolic 
filling of the left ventricle. Both anatomical and functional derangement 
of the LA characterize ACM [50]. LA enlargement, measured as LA size 
(LA diameter and area) [73] or LA volume, [74] has an undoubtedly 
prognostic value for its association with cerebrovascular and cardio-
vascular events and mortality, [75] with LA volume being a more robust 
predictor of cardiovascular events [74]. As known, the asymmetric LA 
dilatation raises questions about measuring the deformation of the LA. 
2D Echocardiography represents the most widely used technique, and 
left atrial volume (limit of normality of 34 ml/m2) is commonly 

Fig. 2. Pathogenesis, clinical features and natural evolution of atrial cardiomyopathy. AAD: antiarrhythmic drugs; AF: atrial fibrillation; AHREs: atrial high rate 
episodes; APCs: atrial premature complexes; CKD: chronic kidney disease; CV: cardiovascular; HD: heart diseases; HFmrEF: heart failure with mildly reduced ejection 
fraction; HFpEF: heart failure with preserved ejection fraction; HFrEF: heart failure with reduced ejection fraction; LA: left atrium; LV: left ventricle; RA: right atrium; 
RV: right ventricle; TE: thromboembolism. 
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measured with the biplane method by disk summation or area–length 
method [76]. Although maximum LAVi is reported in many studies as 
the primary marker of ACM, also minimum LAV has been described as a 
good surrogate of LV filling pressure with more excellent prognostic 
value than maximum LAVi [77,78]. 2-dimensional Echocardiography 
(2DE) often underestimates LAVi when compared to 3-dimensional 
Echocardiography (3DE) or cardiac magnetic resonance, and this is 
due to geometric assumptions about LA shape, but also foreshortening of 
the LA cavity in the apical views [79,80]. Indeed, the long axis of the left 
ventricle does not correspond to the long axis of the LA [76]. Therefore, 
new reference values must be applied with 3DE [79]. Left atrial 
enlargement depicts only one of many aspects of ACM-related left atrial 
dysfunction. Moreover, left atrial enlargement may be preceded by left 
atrial dysfunction [81]. LA phasic functions represent the different roles 
of the LA during the cardiac cycle. Specifically, the LA acts as a reservoir, 
conduit, and booster pump during systole, early diastole, and late 
diastole, respectively [82]. 2D-Speckle-tracking technology measures 
tissue deformation via myocardial speckles and evaluates the different 
phases of left atrial function. Strain and strain rate correspond to the 
extent and the rate of myocardial deformation [83], allowing us to 
evaluate the contractility of the LA in the clinical setting. In a recent 
metanalysis, the average normality value of reservoir strain was 39 % 
(95% CI: 38–41 %). [84] Speckle-tracking Echocardiography has 
improved the ACM characterization. Eichenlaub et al. found that an LA 
longitudinal strain rate <23.5 % predicted ACM, defined by endocardial 
mapping [85]. Moreover, in patients with sinus rhythm, reduced peak 
atrial longitudinal strain is strongly associated with low amplitude 
voltage areas in the LA [86]. Lastly, in a study a reservoir LA strain value 
<26 % was associated to ESUS [87], suggesting that more LA dysfunc-
tion leads to more thromboembolic events. Finally, 3DE analysis using 
fully automated software allow a more accurate measure of the volume 
and a direct measurement of the LA ejection fraction (EFLA) in a single 
acquisition. Recently, Figliozzi et al. [88] reported 55.94 % (95 % CI: 
51.92 %, 59.96 %) as the average value for EFLA and Russo et al. [89]. 
demonstrated that EFLA assessed by 3DE is a robust independent pre-
dictor of adverse cardiovascular outcomes. 

2.4. Cardiac magnetic resonance imaging 

Cardiac magnetic resonance imaging (CMR) stands as the gold 
standard for measuring left atrium (LA) size and assessing volumetric 
changes. Typically, CMR provides higher normal reference volumes for 
the LA when compared to 2D echocardiography. Moreover, only 3-Tesla 
CMR has the capability to evaluate atrial fibrosis, enabling the charac-
terization of atrial wall tissue [90]. However, there are limitations 
associated with assessing atrial fibrosis using CMR, including the need 
for specialized technical capabilities, associated costs, limited avail-
ability of 3-Tesla CMR machines, and the non-specific nature of atrial 
fibrosis, which is a common feature in various myocardial diseases [91]. 
Myocardial fibrosis is detected through late gadolinium enhancement 
(LGE) extension and T1 relaxation time images. According to Marrouche 
et al. [92], the estimation of atrial tissue fibrosis using CMR 3-T mapping 
could prove valuable in predicting atrial fibrillation recurrences and 
play a pivotal role in achieving more robust long-term results in ablation 
procedures. This study introduced the UTAH score, categorizing atrial 
fibrosis into stages 1 (<10 % of the atrial wall), 2 (≥10 %-<20 %), 3 
(≥20 %-<30 %), and 4 (≥30 %) [93]. In patients with atrial fibrillation, 
the integration of the CMR fibrosis detection and scoring system with 
electroanatomic mapping (EAM) has proven to be beneficial and prac-
tical in improving outcomes in ablation procedures over an extended 
follow-up period [94]. CMR findings can also be utilized in invasive 
mapping (EAM) to enhance the detection of areas of fibrosis and tissue 
remodeling. However, this method presents challenges related to stan-
dardization and achieving proper image resolution in the thin-walled 
atrium [95]. A recent review by Gal et al. emphasized the valuable 
synergy between CMR and EAM [92]. CMR with LGE can identify LA 

scarring associated with post-ablation atrial fibrillation recurrences, 
potentially aiding in guiding the AF ablation procedure. These findings 
shift the focus from the arrhythmia itself to the substrate where AF 
originates [96]. 

3. Current and future perspectives 

The diagnosis of ACM in clinical practice is complex, and the ther-
apeutic implications following such a diagnosis need to be clarified, 
especially since the current diagnostic criteria primarily focus on his-
topathological elements. Over time, the characterization of ACM has 
evolved. Initially, it was mainly associated with atrial fibrillation (AF), 
encompassing electrical, contractile, and structural derangements, often 
referred to as "remodeling," which could be observed in association with 
AF, particularly in longstanding cases [97]. However, it later became 
evident that ACM might not only be associated with AF but could also 
precede AF, as seen in neuromuscular diseases [25]. Furthermore, it can 
be detected even in the absence of AF, especially in individuals at an 
increased risk of left atrial thrombus formation [98]. Indeed, ACM 
should be considered a spectrum of alterations linked to increased 
thrombogenesis that occurs over time in the atria [99]. Atrial fibrillation 
typically arises in a deranged atrium, contributing to atrial remodeling 
in a vicious cycle. This remodeling increases the risk of thromboembo-
lism, necessitating integrated therapeutic care [29,100]. The emerging 
paradigm shift suggests shifting the focus from merely analyzing the 
relationship between stroke and AF, which represents the “tip of the 
iceberg,” to a more comprehensive assessment of the substrate from 
which AF emerges [10]. This approach is supported by the 4S-AF scheme 
endorsed by the latest ESC guidelines, which suggests characterizing AF 
within the context of the patient’s clinical background [101,102]. It 
underscores the importance of assessing the severity of the substrate for 
optimal patient management rather than addressing only the 
arrhythmia itself [103]. This review aimed to highlight promising 
diagnostic tools and imaging techniques that can aid clinicians and 
standardize the intricate diagnosis of ACM and its management (Fig. 3). 

Given the difficulty of obtaining histological characterization of the 
LA in the clinical setting, novel imaging techniques such as tissue 
characterization with CMR may help stratify the risk associated with 
ACM more effectively. Advanced echocardiography techniques, 
including atrial longitudinal strain and 3D LA ejection fraction analysis, 
can provide insights into LA performance throughout the cardiac cycle. 
Additionally, surface electrocardiography and electro-anatomical inva-
sive mapping can detect electrical derangements resulting from atrial 
fibrosis, a characteristic feature of ACM associated with AF recurrences 
after ablation. Another paradigm shift involves considering the exis-
tence of a thrombogenic syndrome associated with ACM and systemic 
factors, and in this perspective AF may have the role of a marker of very 
high risk. In patients with numerous risk factors for thromboembolic 
events, clinicians should be mindful of the importance of using advanced 
imaging and electrophysiological techniques to detect ACM in its early 
stages, as well as monitoring serum biomarkers associated with car-
diovascular adverse events (e.g., troponins, NT-pro BNP) [15,104]. It is 
essential to note that, according to current evidence from randomized 
trials, a diagnosis of ACM in the absence of overt AF does not change the 
therapeutic management of patients and, specifically, long-term anti-
coagulation is currently not indicated. However, in patients with ACM 
who have a high probability of developing AF, more intensive clinical 
and instrumental monitoring should be applied to promptly detect the 
occurrence of clinical AF. In such cases, closer ambulatory follow-up and 
the use of mobile health devices for early AF detection could be bene-
ficial [105,106]. Furthermore, in a population with multiple cardio-
vascular risk factors and signs of ACM, AF screening could be a valuable 
approach for preventing thromboembolic events. In the CRYSTAL-AF 
trial, which enrolled patients with previous cryptogenic stroke, AF 
was detected in 12 % of patients at 1-year follow-up (with up to 30 % AF 
detection after the total follow-up period). This suggests that AF could 
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be an expression of a pre-existing thromboembolic condition [107]. 
Continuous cardiac implantable electronic devices (CIED) can assist in 
the detection of atrial high-rate episodes (AHREs) and AF, which are 
possible markers of ACM and significantly increase the risk of throm-
boembolic events, especially in high-risk populations [52,108,109]. 
However, recent results from the NOAH-AFNET 6 trial did not show a 
reduction in embolic stroke with Edoxaban in AHREs [110]. The results 
from the ARTESiA trial on anticoagulation in AHREs patients may pro-
vide further insights into the benefit of oral anticoagulation therapy in 
these patients [111]. 

A complex issue is the possibility of prescribing antithrombotic 
therapy even without evidence of clinical AF. While this concept is 
intriguing, evidence from randomized trials, including secondary ana-
lyses of the WARCEF and WARSS trials, focused on high-risk ACM pa-
tients identified by atrial enlargement and elevated NT-pro BNP, has 
failed to demonstrate the efficacy of anticoagulation therapy on stroke 
outcomes in the absence of prior AF diagnosis [112,113]. Specifically, 
the NAVIGATE-ESUS and RE-SPECT ESUS trials, which enrolled patients 
with embolic stroke of an undetermined source (ESUS), did not show a 
benefit of DOACs over aspirin regarding stroke recurrence [114,115]. 
Additionally, as demonstrated in the ARCADIA trial, anticoagulation 
therapy did not show superiority to aspirin in preventing recurrent 
strokes among patients with ESUS and signs of ACM [116]. To date, the 
results from randomized clinical trials indicate that detection of ACM 
does not alter the therapeutic management of patients in the absence of 
a prior clinical AF diagnosis. Future studies should aim to assess the 
potential role of oral anticoagulants in high-risk ACM patients. How-
ever, at present, documented AF remains a prerequisite for initiating 
oral anticoagulant therapy in patients at risk of stroke/systemic 
embolism. 

4. Conclusions 

Atrial cardiomyopathy (ACM) has been associated with an increased 
risk of thromboembolic events. However, it remains challenging to 
validate the independent role of factors such as atrial diameter/volumes 
or other elements directly related to ACM in enhancing risk stratification 

for atrial fibrillation (AF). Currently, risk stratification systems, standard 
diagnostic pathways, and targeted therapies to slow the progression of 
ACM are still subjects of ongoing research and cannot yet be applied in 
everyday clinical practice. The most appropriate approach for gathering 
data and potentially leading to more tailored treatment strategies for 
patients with AF based on the severity of ACM is to investigate clinical 
and imaging characteristics through a multiparametric diagnostic 
pathway. Atrial imaging exams, preferably using echocardiography, 
should form the foundation for quantifying ACM in terms of volumes 
and contractile derangements. However, essential information like the 
extent of atrial fibrosis is not routinely assessed in clinical practice, 
despite some studies using MRI in specific patient subsets. Simulta-
neously, the detection of ACM through CMR and EAM may increase the 
likelihood of identifying an arrhythmic cardiac origin of embolic strokes 
in cases of unknown or cryptogenic strokes. Currently, anticoagulants 
are recommended only for patients with documented AF, with clinical 
characteristics suggestive of a risk of stroke not quantifiable as a “low 
risk”. Ongoing trials may improve our therapeutic decision-making, 
particularly for AF patients who appear to be at low risk of stroke but 
have underlying ACM. Therefore, it is crucial to anticipate the stan-
dardization of diagnostic criteria for ACM, with the goal of early iden-
tification of high-risk patients, as the basis for an evidence-based 
assessment of the potential benefit of strategies to reduce thromboem-
bolic events. This could ultimately lead to a reduction in the significant 
public health impact and the direct and indirect costs associated with 
stroke-related sequelae. 
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Fig. 3. Diagnostics and proposed clinical management for atrial cardiomyopathy patients. AHREs: atrial high-rate episodes; APCs: atrial premature complexes; CAD: 
coronary artery disease; CMR: cardiac magnetic resonance; CV: cardiovascular; DM: diabetes mellitus; EAM: electroanatomical mapping; ESUS: embolic stroke of 
undetermined source; HCP: healthcare professionals; HF: heart failure; LA: left atrium; LAsr: left atrium strain; PAD: peripheral artery disease; PTFV1: P-terminal 
force in precordial lead V1; TE: thromboembolism. 
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