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Abstract: The close relationship between kidney and heart is well known. Cardiovascular impairment
contributes to the worsening of renal function and kidney failure worsens cardiovascular health. Atrial
fibrillation (AF) is a frequent issue in patients with Chronic Kidney Disease (CKD) and several studies
have demonstrated that AF impacts negatively on their quality of life and outcomes. Understanding
the mechanisms leading to the progression of CKD, new-onset AF and acute myocardial infarction
(AMI) is a key issue. The evaluation of Glomerular Filtration Rate (GFR) could make the difference in
this equilibrium and suggests specific strategies in the treatment of the population at major risk of
cardiovascular events. This intriguing connection paves the way for necessary further investigations.

Keywords: chronic kidney disease; glomerular filtration rate; atrial fibrillation; acute myocardial
infarction; acute coronary syndrome

1. The Established Link between Kidney and Heart and the Role of Atrial Fibrillation (AF)

The close relationship between kidney and heart is well known. Cardiovascular impairment
contributes to worsening of renal function and kidney failure worsens cardiovascular health. Atrial
fibrillation (AF) is a frequent issue in Chronic Kidney Disease (CKD) patients, and several studies have
demonstrated that this condition impacts negatively on their quality of life. AF, in turn, is associated
with an increased risk of Acute Myocardial Infarction (AMI), having similar long-term prognosis
despite these two conditions having a quite different pathogenesis [1,2].

The reason can be explained by mechanisms leading to CKD and AF and their pathophysiology.
One of the altered pathways, common in both diseases, involves the renin–angiotensin–aldosterone
system (RAAS). RAAS dysregulation is widely associated with hypertension and CKD progression and
also to AF [3]. While angiotensin II can increase atrial pressure, with a three-fold increase in chronic
persistent AF [4], treatment with RAAS inhibitors—on the other hand—may improve AF symptoms
and reduce its incidence [5].

Moreover, a genetic link has been demonstrated between angiotensin-converting enzyme (ACE)
polymorphisms and AF: ACE polymorphisms are associated with an increased risk of AF, together
with vasoconstriction, an increased secretion of aldosterone and antidiuretic hormone, fibrosis and
the structural remodeling of the atrial myocardium. These mechanisms facilitate the induction and
maintenance of AF [6].

AF operates on heart pro-fibrotic effects and on the decline of left ventricular systolic and diastolic
function [7,8], and these processes lead to hemodynamics perturbation. Indeed, AF contributes to
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the worsening of renal function because increased heart rate, an irregular sequence of ventricular
cycles and the loss of atrial contribution to left ventricular filling lead to decreased cardiac output and,
ultimately, to reduced kidney perfusion [9].

Incident AF in patients with CKD is also independently associated with an increased risk of
developing End-Stage Renal Disease (ESRD) [10]. Moreover, in the international Dialysis Outcomes and
Practice Patterns Study (DOPPS) on >17,000 dialysis patients, at study enrollment, AF was positively
linked to all-cause mortality and stroke [11].

The reason could be partially found in the systemic inflammation and increased oxidative stress
caused by AF that contributes to the development and progression of CKD [12,13]. CKD, also in early
stages, is strongly linked with inflammation status [14], which is a bridge between AF and AMI as
well, beside prothrombotic risk, systemic platelet activation, thrombin production and endothelial
dysfunction. Such mechanisms stimulated by AF lead to AMI manifestations [15,16].

2. Impact of Acute Cardiac Conditions on Glomerular Filtration Rate (GFR) and the Role of
Chronic Kidney Disease (CKD)

AMI directly affects the glomerular filtration rate (GFR), with a marked and rapid decrease after
the cardiac event [17]. Other acute cardiological conditions having overlapping clinical presentation
with AMI because of acutely reduced left ventricular function [18,19] may lead to acute kidney injury
(AKI) as well [20]. More generally, about one quarter of patients suffering from acute coronary
syndrome (ACS) develop AKI, and AKI after ACS is robustly correlated to in-hospital mortality [21].
Moreover, when AMI is complicated by cardiogenic shock, AKI exceeds 50% of cases [22]. CKD is also
an established risk factor for AKI related to AMI; CKD patients have a much higher risk of AKI than
subjects with normal renal function. This observation particularly applies to patients receiving contrast
media during percutaneous intervention in the setting of AMI [23,24]. Taken all together, these data
demonstrate that patients with combined AMI and CKD should be evaluated very carefully in clinical
practice, since they represent a more vulnerable population [25].

Even for AMI, the RAAS pathway is a crucial mechanism, establishing a link between heart and
kidney. As mentioned for AF and CKD, ACE inhibitors (ACE-I) play more important roles beyond
being a fundamental first-line antihypertensive drug. ACE-I could also represent a protective factor
against AKI after AMI. A clinical study of >6000 patients showed that RAAS inhibition, in patients with
CKD and ACS, could improve 90-day mortality rates [26]. This is partially explained by the increased
expression of serum level angiotensin II in subjects with AMI and AKI [27]. This evidence indicates a
further close connection between CKD, AF, and AMI. The Niigata preventive medicine study confirmed
that CKD is significantly associated with the risk of new-onset AF; AF, in turn, is shown to increase the
risk of the development of CKD, creating a bivalent connection [28].

In line with these results, Cosentino and colleagues [29] performed a prospective observational
study showing that kidney function was directly related to new-onset AF and had a relationship
with short-term and long-term mortality in their cohort of AMI patients. They demonstrated a
major incidence and risk of AF proportional to GFR declines, even after adjustment for major clinical
predictors. AF patients had a significant increase in hospital mortality compared to non-AF subjects,
at every GFR level.

These evidences are supported by a recent systematic review and meta-analysis that demonstrated
AF to be associated with an increased risk of death and cardiovascular and renal morbidity: AF patients
had a 64% higher risk of CKD and a 96% higher risk of a major cardiovascular event [30].

3. Conclusions

Understanding the mechanisms leading to CKD progression, AF, and AMI is a key issue.
Cardiovascular diseases are the main cause of death in CKD patients and the combination of AMI and
AF may become a life threatening condition. The study by Cosentino and colleagues [29] provides,
for the first time, specific data regarding different stages of renal function as predictors of AF in
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AMI. GFR evaluation could make the difference in this equilibrium and suggests specific strategies in
the treatment of the population at a major risk of cardiovascular events. These findings accurately
underline the importance of this connection, paving the way for necessary further investigations.
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