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Abstract: Non-valvular atrial fibrillation (NVAF) is the most common sustained arrhythmia worldwide, and is associated with
significant morbidity and mortality. Increasing life expectancy, coupled with a surge in comorbidity burden, has resulted in a sharp
increase in NVAF prevalence over the last three decades. Coronary artery disease (CAD) is an important and clinically relevant risk
factor of AF. Concomitant CAD has significant implications for AF management and is a major determinant of the overall outcomes.
Shared risk factors, a common pathophysiological basis, and heightened thrombogenesis culminating in cardiovascular adverse events,
highlight the close association between the two. The clinical course of AF is worse when associated with CAD, resulting in poor heart
rate control, increased propensity to develop stroke and myocardial infarction, increased likelihood of acute presentation with
hemodynamic collapse and pulmonary edema, increased bleeding tendencies, and poor response to ablation therapies. Emerging
research highlighting the significant role of underlying CAD as an independent predictor of thromboembolic risk has paved the way
for the adoption of CAD beyond prior myocardial infarction into the symbol “V” of the CHA2DS2-VASc score. In our opinion, elderly
patients aged >65 years with AF, with a history of one or more cardiovascular comorbidities, or evidence of atherosclerosis in other
vascular beds should warrant a closer look and a dedicated effort to look for associated CAD. This would allow for a more holistic and
comprehensive approach to patients with AF and ultimately help reduce the disease burden and improve the overall outcomes.
Keywords: atrial fibrillation, AF, coronary artery disease, CAD, inflammation, endothelial dysfunction, pathophysiology, catheter
ablation, stroke, CHA2DS2VASc score, coronary artery calcium score

Introduction

Non-valvular atrial fibrillation (NVAF) remains the commonest sustained arrhythmia worldwide and accounts for
significant morbidity and mortality.' > Apart from being a major risk factor for ischemic stroke, AF is unequivocally
associated with excess heart failure, limb ischemia, myocardial infarction and dementia.* Furthermore, there is a 3-fold
increased likelihood of sudden and non-sudden cardiac death among patients with AF compared with those without
AF.”® Increasing life expectancy, coupled with a surge in comorbidity burden, has resulted in a sharp increase in NVAF
prevalence in both the developed and developing world over the last three decades. Indeed, the burden on the healthcare
system is enormous, and the situation is expected to worsen by 2050, when the lifetime risk of AF is expected to be
approximately 1 in 3 beyond 40 years of age.'

Early diagnosis by screening high-risk populations, timely institution of pharmacotherapy to control heart rate and
prevent stroke, and aggressive control and management of risk factors are key to improving outcomes and reducing the
disease burden.">'” The most recent AF guidelines by the ACC/AHA/ACCP/HRS published in 2023 clearly highlight
the need for lifestyle changes and risk factor modification as key pillars not only to prevent the progression of AF and the
development of AF-related complications, but also to prevent its onset.” Guidelines emphasize the management of
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obesity, smoking, excessive alcohol consumption, control of blood pressure and blood sugar, physical activity, and
appropriate treatment of cardiovascular diseases including heart failure and coronary artery disease (CAD).

Although the incidence of AF and CAD increases with advancing age, there is a much stronger association between
AF and CAD beyond senescence. The risk of CAD (encompassing both obstructive and non-obstructive CAD) in the
general population is estimated to be approximately 11-16%.'""'? In contrast, the prevalence of CAD in AF patients is
estimated to be 3—4 times higher than that in the general population.'® In the recent dedicated prospective study by
Sharma YP et al, CAD was present in 70% of all patients with AF undergoing angiography. Amongst these majority had
obstructive CAD (46%) highlighting the significant association between the two.'* The results were in sync with
a previous study by Nucifora G et al wherein 82% of all AF patients had underlying CAD on computed tomography
coronary angiography and amongst them 41% had obstructive CAD again reinforcing the close link between AF and
CAD." Steensig et al also indicated the need for further evaluation of the relationship between AF and CAD and in their
report on AF patients, spanning over 8 years and enrolling 96430 patients, they concluded that majority of AF patients
had underlying CAD (59% of the cohort) when evaluated by angiography.'® Shared risk factors, a common pathophy-
siological basis, and heightened thrombogenesis culminating in cardiovascular adverse events, highlight the close
association between the two.'*'”!® Furthermore, effective control and management of either one often leads to
a reduced burden on the other. Similarly, the disease course is more aggressive when the two coexist than when they
occur in isolation. For instance, when AF complicates CAD, it has been observed that there is a greater extent and
complexity of CAD, as reflected by higher syntax scores. This often leads to adverse outcomes, with an increased
likelihood of heart failure, ventricular arrhythmia, and cardiac death.'?° Likewise, the clinical course of AF worsens
with the concomitant development of CAD. This often manifests in the form of poor heart rate control, increased
propensity to develop stroke and myocardial infarction, acute presentation with hemodynamic collapse and pulmonary
oedema, increased likelihood of bleeding complications and poor response to ablation therapies.”' ** Hence, given the
implications of underlying CAD in AF, this makes a strong case for the active diagnosis and management of CAD in
patients with AF.

Implications of Underlying CAD on Thromboembolic Risk

Consistent evidence supports the concept of increased burden of AF amongst those with concomitant CAD compared
to AF in the absence of CAD. However, the concept has only recently been translated into clinical practice, as
exemplified by alterations in the CHA2DS2-VASc score. The CHA2DS2-VASc score since its first description in
2001 has been validated across the globe for predicting not only the risk of stroke but also poor overall outcomes and
mortality among patients with AF.** Previously, the symbol “V” in the score stood for vascular disease which
encompassed only a history or documented prior myocardial infarction, presence of aortic atheroma/plaque and the
presence of significant peripheral arterial disease in any of the major vascular beds. Accordingly, this did not account
for the presence of significant underlying CAD alone beyond previous myocardial, as a risk factor for stroke and
overall outcomes. However, the results of large prospective studies and their accompanying editorials, clearly indicated
that underlying CAD was a strong predictor of increased thrombogenicity throughout the vascular system and poorer

1?° and Steensig et al'® are fundamental to our

overall outcomes in AF patients. In particular, large studies by Shi et a
understanding of the impact of CAD on AF. In their independent investigations, they concluded that CAD, as identified
by coronary angiography, was the strongest predictor of stroke beyond all other components of the CHA2DS2-VASc
score.”® Furthermore, they demonstrated that stroke risk was less dependent on traditional risk factors, but more so on
coronary anatomy and the extent of CAD. These studies along with others over the last decade by Rasmussen et al®’
and Anandasundaram et al*® paved the way for adoption of underlying CAD beyond prior myocardial infarction into
the symbol “V” of the CHA2DS2-VASc score. This was reflected for the first time in the European Society of
Cardiology (ESC) 2020 guidelines for AF management.”’ The concept has gained acceptance most prominently in
Europe, as highlighted by a recent survey conducted by the European Heart Rhythm Association, wherein almost 80%
of all practicing cardiologists were aware of underlying CAD as a component of the CHA2DS2-VASc score and

applied it in their clinical practice.*
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Impact of Underlying CAD on AF Related Complications
Stroke

In contrast to previous beliefs and recommendations, for instance, in 2006, the American Heart Association/American
College of Cardiology guidelines labelled underlying CAD as a “weak or less validated risk factor for stroke”. However,
this soon changed, with evidence accumulating in support of CAD as an independent predictor of thromboembolism and
stroke after adjusting for confounding variables.>' Apart from the prominent studies by Shi et al and Steensig et al, as
highlighted above, other prospective studies have further consolidated the significant contribution of CAD to future
stroke among patients with AF. Notably, Hillerson et al demonstrated that incidental coronary artery calcium (in the
absence of symptoms of ischemia) detected by chest computed tomography was an independent predictor of both future
stroke and overall mortality at one year.*> The findings of this study were replicated in a large American cohort of
patients with AF who underwent routine cardiac computed tomography prior to pulmonary vein isolation. In this study,
Wang et al demonstrated an abnormal coronary artery calcium (CAC) score was present in 62% of all AF patients in their
cohort. CAC was strongly linked to not only future stroke but also overall major adverse cardiovascular events (MACE)
and death. In addition, they highlighted that the incorporation of CAC into the CHA2DS2-VASc score could help
reclassify 20% of all patients with AF who would benefit from the addition of aspirin and statins to reduce morbidity and
mortality.*

Acute Coronary Syndrome (ACYS)

The bidirectional relationship between CAD and AF is well established and highlighted by common pathophysiological
mechanisms, with endothelial dysfunction and inflammation being dominant factors.'® This vicious cycle results in
accelerated atherosclerosis and thrombogenicity throughout the vasculature. Although AF is independently associated
with ACS, irrespective of prior CAD, the risk is greatly increased once underlying CAD is present. In a large, multi-
center Chinese cohort comprising 6403 patients with AF, underlying CAD was the strongest predictor of future ACS.** In
another recent prospective study, Batta et al highlighted an increased risk of ACS in AF patients over a 24 month period.
Furthermore, their analysis demonstrated that underlying CAD and an increased initial C-reactive protein level were the
main determinants of the development of ACS in their cohort, again highlighting the significant role of inflammation in
these patients.*

Heart Failure

Although heart failure and AF share a mutually dependent relationship with onset of one increasing the likelihood of
developing the other. Presence of underlying CAD in AF can hasten the onset of heart failure and accelerate its
progression.®>* Overall, AF is more prevalent in any heart failure that occurs in the background of underlying CAD
than in non-ischemic cardiomyopathy. Heart failure in AF when occurring in CAD patients is often more difficult to treat,
complicated by higher ventricular rates, greater elevation in pulmonary pressure, higher prevalence of ventricular
arrhythmias, and less response to medical therapy than in the absence of CAD.**** Although higher ventricular rates
seen in patients with AF can lead to reduced diastolic filling, myocardial ischemia, and dysfunction, even in those with
normal coronary arteries, the effects are more pronounced in patients with underlying CAD with poor tolerability to fast
heart rates and a greater degree of subsequent increase in left ventricular end-diastolic pressure and pulmonary wedge
pressure culminating in heart failure.'

Impact of Underlying CAD on Outcomes Following Catheter Ablation for AF
Another important aspect of AF management in recent years has been early rhythm control, particularly via catheter
ablation (CA). Multicentric large randomized trials clearly indicate that CA not only improves symptomatology among
patients with AF but also has a beneficial effect on left ventricular filling pressures and function, stroke and dementia
risk, and overall mortality.*'**> The most recent 2023 ACC/AHA/ACCP/HRS guidelines for AF management have
stressed early rhythm strategy (mainly via CA) and highlighted the importance of maintaining sinus rhythm and reducing
AF duration.” As expected, CA received a class 1 recommendation for rhythm/rate control in selected individuals with
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AF over and above medical therapy. However, on a closer look, there is clear evidence supporting reduced efficacy,
increased adverse outcomes and increased recurrence following CA in AF patients having underlying obstructive CAD
compared to those without CAD. Furthermore, in a recent prospective propensity score-matched cohort study, CA failed
to meet the primary composite endpoint of stroke, acute coronary syndrome, bleeding, and overall death in patients with
underlying stable CAD, highlighting the complexities in managing AF in patients with underlying CAD.** This under-
lines the fact that ischemia at the microvascular level remains one of the most crucial factors involved in the initiation
and propagation of AF, and that unless ischemia is dealt with first, electrical remodeling via CA is unlikely to lead to
sustained improvement in AF burden and its overall impact. Further validation of these statements came when Hiraya
et al undermined the importance of managing ischemia in AF. In their prospective study over a period of eight years, AF
patients with significant CAD (>70% stenosis in any one major coronary bed) had a much higher risk of recurrence after
CA (56% vs 39%; p<0.001). In addition, significant CAD was an independent predictor of AF recurrence in the
multivariate analysis. Furthermore, they demonstrated the impact of myocardial revascularization via percutaneous
coronary intervention (PCI) on the outcomes following CA. Patients who underwent PCI had a much lower rate of
recurrence following CA than those who were treated with medical therapy alone (38% vs 72%; p<0.001).** Their
findings were confirmed in an independent observation by Chen et al, wherein they not only demonstrated the association
between CAD and AF recurrence post-CA but also reiterated the positive impact of revascularization on reducing the AF
burden, AF-related complications, and recurrence of AF post-CA over a 24-month period.*’ Recently, Guo et al
demonstrated worse clinical outcomes in AF patients with concomitant CAD undergoing CA independent of the AF
recurrence/burden, further highlighting the complex nature and crosstalk between AF and CAD and the need to further
explore their relationship in an effort to reduce overall morbidity and mortality.*¢

These developments support an active effort to unmask underlying CAD among AF patients with cardiovascular
comorbidities or evidence of atherosclerosis in other vascular beds. In turn, this would allow for early and aggressive risk
factor modification and treatment of underlying CAD, resulting in a reduction in the overall impact and burden of AF.

Role of Unmasking CAD in AF Management

Despite the increased prevalence and significant implications of underlying CAD in patients with AF, current guidelines
do not advocate the routine assessment of CAD in ambulatory patients with AF who do not have clear signs and
symptoms suggestive of underlying ischemia. In our opinion, this statement downplays the importance of concomitant
CAD as a bystander in AF without much clinical relevance. Indeed, our arguments, along with emerging research with
each passing day, clearly highlight the strong link between AF and CAD and stress the impact of underlying CAD on
treatment strategies and outcomes at all stages of AF management. According to a recent study by Fernandes et al, the
authors concluded that actively looking for CAD in asymptomatic AF patients via cardiac computed tomography
angiography helped initiate aspirin and statin therapy in 25% of patients and modified the statin intensity in another
17%.*" Their findings are relevant as statins have consistently shown to not only to reduce cardiovascular morbidity and
mortality, but also in regards to AF, have shown to reduce the incidence and burden of AF, reduce MACE and overall
mortality in AF patients.**** Regarding the addition of aspirin to oral anticoagulants in AF patients with underlying
systemic atherosclerosis, Heo et al demonstrated reduced overall all-cause mortality compared to those who were on oral
anticoagulants alone.”® Although in their cohort they primarily recruited patients post stroke, the same can be extra-
polated to other vascular territories as atherosclerosis is usually a systemic process. Furthermore, unmasking of under-
lying CAD in patients with AF often leads to alterations in the choice of rate-controlling drugs, antihypertensive drugs,
and anti-diabetic drugs, with a tendency to use agents with proven benefits in CAD.'*!'">° This is expected to translate
into net clinical benefit for patients with AF. Although one certainly should not receive a message that we advocate the
indiscriminate use of coronary angiography/CAC scoring in all AF patients, there is certainly a large group of patients
with AF who otherwise do not have symptoms of CAD but have comorbidities or predisposing conditions that make
them susceptible to CAD. In particular, elderly patients aged >65 years with AF, with a history of one or more
cardiovascular comorbidities, or evidence of atherosclerosis in other vascular beds should warrant a closer look and
a dedicated effort to look for associated CAD. This would allow for a more holistic and comprehensive approach to
patients with AF and ultimately help reduce the disease burden and improve the overall outcomes.
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Conclusions

The relationship between AF and CAD is bidirectional, complex, and mutual with significant negative implications for
the overall cardiovascular system. These two conditions share common risk factors and are closely linked at the
pathophysiological level. Therefore, treating these patients in isolation is inappropriate and inadequate. Indeed, our
arguments clearly highlight the strong link between AF and CAD, and stress the impact of underlying CAD on treatment
strategies and outcomes at all stages of AF management. Using this perspective paper, we make our stance on a dedicated
attempt to unmask concomitant CAD in patients with AF who are at risk for atherosclerotic vascular disease, independent
of symptoms of ischemia.
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