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Abstract

The therapy or prevention of atrial fibrillation (AF) is defined as up-
stream therapy when conducted with the use of drugs, e.g., angioten-
sin-converting enzyme inhibitors (ACEIs), angiotensin receptor an-
tagonists, statins, and omega-3 fatty acids, not included in the classes
of antiarrhythmic drugs recognized by the Vaughan Williams classifi-
cation. In our review, we illustrate the rational bases of upstream AF
therapy, which encompasses drugs having the property to reduce hemo-
dynamic congestion and cardiac overload, as in the case of ACElIs or
angiotensin receptor blockers, as well as drugs able to prevent atrial
fibrosis or reduce oxidative stress, such as statins or omega-3 fatty ac-
ids, respectively. In this review, randomized controlled trials (RCTs)
conducted with the abovementioned drugs are examined. Really, these
RCTs have generated mixed results. In the context of the prevention and
therapy of AF, our experience is then presented, relating to a patient with
heart failure and reduced left ventricular ejection fraction, with a history
of relapsing episodes of paroxysmal AF. In this patient, administration
of sacubitril/valsartan at appropriate doses allowed recovery of the sinus
rhythm. Therefore this case testifies how the upstream therapy of AF
might have good results when conducted with sacubitril/valsartan. Thus,
RCTs with adequate statistical power are warranted in order to confirm
the preliminary encouraging result of our case report, and validate a use-
ful role of sacubitril/valsartan as an upstream therapy of AF.

Keywords: Atrial fibrillation; Angiotensin receptor neprilysin inhibi-
tor; Atrial remodeling; Outcome

Upstream Treatment With Non-Antiarrhythmic
Drugs for Atrial Fibrillation (AF)

In recent years, considering the uninspiring results of classic
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antiarrhythmic drugs, other not strictly antiarrhythmic drugs
have been taken into account for the treatment of AF, with the
aim of correcting the substrate underlying the arrhythmia and
to modify its evolution (upstream treatment), thus preventing
both the first episode of AF (primary prevention) and relapses
(secondary prevention). It is known that AF in itself deter-
mines electrical modifications [1, 2] and structural changes of
the atria [1-4] represented essentially by a shortening and dis-
persion of the action potential, atrial enlargement and fibrosis
(so called remodeling), which then make the restoration of the
sinus thythm and its subsequent maintenance more problem-
atic. The upstream treatment aims to counter and/or delay this
remodeling process by acting at different levels and with dif-
ferent mechanisms, such as the blockade of the renin-angioten-
sin-aldosterone system, the antifibrotic and anti-inflammatory
effect, the reduction of oxidative stress, etc.

According to the most credited thesis, the drugs that can be
used for upstream prevention of AF would prevent AF through
an improvement of systemic and pulmonary hemodynamics,
as in the case of angiotensin-converting enzyme inhibitors
(ACEIs) and sartans, or through a pleiotropic effect of preven-
tion of atrial fibrosis, such as in the case of statins, or through
a reduction in oxidative stress, as postulated for omega-3 fatty
acids.

Information is provided below regarding the upstream
treatment of AF with each of these drug classes.

ACEIs and angiotensin II receptor antagonists (ARBs)

Atrial stretch and inflammation have been shown to increase
the level of angiotensin II in the heart. Angiotensin II in turn
causes calcium overload and atrial fibrosis, two essential con-
ditions for electrophysiological changes (shortening of refrac-
toriness and slowing of conduction), which favor the initia-
tion and maintenance of AF. Some experimental studies have
shown that both ACEIs [5] and ARBs [6, 7] are able to prevent
the electrical and mechanical remodeling that is observed in
AF.

Overall the published data, even if mainly consisting of
post hoc analyses of studies with endpoints different from the
occurrence of AF, seem to support the role of ACEIs and ARBs
in primary AF prevention, at least in patients with heart fail-
ure [8]. Regarding secondary AF prevention (prevention of
recurrence in patients with previous episodes of arrhythmia)
initially some small prospective studies were published, in
which the treatment with only the ACEI [9], or the association
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of ACEIls or ARBs with chronic antiarrhythmic treatment with
amiodarone resulted in a statistically significant reduction in
recurrence of AF [10, 11].

However, subsequently, three large prospective studies,
randomized with ARB vs. placebo, have instead highlighted
an absence of effect of these drugs in preventing AF recur-
rences in various clinical settings. The GISSI-AF [12], which
enrolled 1,442 patients, mainly with underlying heart disease
and affected by arterial hypertension, has not shown any effi-
cacy of valsartan in reducing the number of arrhythmic recur-
rences in a 12-month follow-up. In the valsartan group, 51.4%
of patients had at least one AF recurrence vs. 52.1% of the
placebo group.

In addition, in the Active study [13] in a population of
1,730 patients with characteristics similar to those of GISSI-
AF, irbesartan did not reduce the AF recurrence rate at a 4.1-
year follow-up. Finally, in ANTIPAF [14] 425 patients with
paroxysmal AF were studied in the absence of structural heart
disease at a 12-month follow-up, and olmesartan did not deter-
mine any modification of the AF burden.

Based on the above results, it appears that ACEIs and
ARBs can modify the underlying heart disease, and in this way
reduce the incidence of new-onset episodes of AF (primary
prevention) at least in patients with left ventricular dysfunction
and/or heart failure. However today, based on a recent meta-
analysis [15], the use of ACEIs and ARBs appears not justified
in the secondary prevention of AF recurrences , at least outside
of what are the other indications for the use of these drugs. It
remains to be investigated the possible clinical efficacy in the
prevention of AF with aldosterone antagonists, which have an
important antifibrotic effect.

Statins

Statins, in addition to reducing cholesterolemia, have some
pleiotropic effects that can act favorably on the substrate of
AF and on atrial remodeling, such as an anti-inflammatory and
antioxidant action [16]. In addition, increasing the synthesis of
nitric oxide at the endothelial level can play a protective effect
on the extracellular matrix. In fact, in some experimental stud-
ies, statins have been shown to reduce inflammatory processes
and formation of fibrous tissue in the atria, to prevent shorten-
ing of refractory periods and slowing-down of conduction and
to reduce the duration of AF accesses compared to controls
[17,18].

In the clinic, there are some retrospective and prospective
studies on the clinical efficacy of statins in the primary and
secondary prevention of AF [19-21]. The data are conflict-
ing and obtained mainly from retrospective studies while the
prospective studies are small. Given the anti-inflammatory ac-
tion of statins, their effect on the prevention of AF in cardiac
surgery has been studied in particular. The ARMYDA-360
study has highlighted a significant reduction in the incidence
of postoperative episodes of AF in 200 patients randomized
to atorvastatin vs. placebo. Although the data are not always
confirmed in subsequent studies, in the meta-analysis by Chen
et al [22] there is a statistically significant benefit of statins in
the prevention of AF in cardiac surgery. Instead, in other clini-
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cal situations of primary and secondary prevention, including
studies after atrial ablation [23], statins are not proved effec-
tive in preventing AF [24].

Omega-3 fatty acids

The data regarding atrial arrhythmias are limited. The first
observational study, involving 4,815 subjects aged > 65 years
with a follow-up of 12 years [25], showed a reduction of 28-
31% of the incidence of AF among subjects with regular fish
intake in the diet. These data, however, were not confirmed in
two large subsequent studies [26, 27].

Recently three prospective randomized studies centered
on the prevention of recurrence of AF have given conflict-
ing results. In the study of Nodari et al [28] in 199 patients
with persistent AF, in chronic treatment with amiodarone and
ACEIs or ARBs, the addition of n-3 polyunsaturated fatty acid
(PUFA) resulted in a statistically significant reduction in ar-
rhythmia relapses after electrical cardioversion. On the con-
trary, the study by Kowey et al [29] in 663 patients with par-
oxysmal or persistent AF, showed no effect of n-3 PUFAs in
reducing the risk of recurrence of AF. Negative results were
also obtained in the study by Bianconi et al [30] in 200 patients
after cardioversion of AF.

In a recent meta-analysis [31], relating to 1,955 patients,
n-3 PUFA were ineffective in both primary prevention (includ-
ing AF after cardiac surgery), and secondary AF prevention.
This data were confirmed in the results of the OPERA study,
which assessed the effect of the administration of n-3 PUFAs
on the incidence of AF in the first 10 days after surgery in
1,516 patients for coronary or valvular cardiac surgery. In fact,
the incidence of AF was substantially similar in the placebo
group compared to the group pretreated with n-3 PUFA [32].
Therefore, in light of these results, there are currently insuf-
ficient data to propose n-3 PUFA therapy in the prevention of
primary or secondary AF, outside of what are the conventional
indications for the use of these drugs.

New Horizons for the Upstream Therapy: The
Role of Sacubitril/Valsartan

In the upstream therapy scenario, sacubitril/valsartan enters
with a substantially new role. In fact, unlike beta blockers,
ACEIs and sartans, this drug is not a neurohormonal block-
er, but rather a drug that amplifies and enhances the action of
cardiac hormones, namely the atrial natriuretic peptide (ANP)
and the B-type natriuretic peptide (BNP), the latter being syn-
thetized by ventricular myocytes in response to increases of
wall stretch [33]. Sacubitril/valsartan does not have an intrin-
sic antiarrthythmic effect; however the increase in the half-life
of ANP and BNP that it induces allows these cardioprotective
hormones to more intensely regulate the function of the atria
and ventricles. This occurs at the level of the atria through a
preservation of the reservoir function, that is, the aspiration
of caval and pulmonary venous blood into the right and left
atrium, respectively, during the ventricular systole [34]. More-
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Figure 1. Transthoracic echocardiography (TTE) at the patient’s first visit.

over, at the ventricular level, the drug acts by increasing the
global longitudinal strain [35]. In other words, it improves
the depressed stroke volume by retrieving the contractile ef-
ficiency especially along the sagittal-longitudinal axis, rather
than by strengthening the wall kinesis in the radial direction
[35]. Thus, the restoration of the hemodynamic balance ob-
tained with sacubitril/valsartan is able to regularize the heart
rhythm, by inducing a “reverse remodeling” of the atria both
morphologic and electroanatomic.

There is little data on the literature regarding a possible
role of sacubitril/valsartan for the prevention of AF [36-38]. In
fact, there are currently no randomized controlled trials (RCTs)
concerning the use of sacubitril/valsartan for antiarrhythmic
purposes. Instead, the case report presented below would seem
to support the efficacy of sacubitril/valsartan used as upstream
therapy for AF.

Case report

The patient described in this report was a woman, aged 35
years, married with two children, and had a history of relapsing
episodes of paroxysmal AF, for which flecainide controlled-
release was prescribed (January 2017) at the dose of 100 mg
once daily. Subsequently, due to the reappearance of AF runs
during the 24-h Holter recording, associated with annoying
palpitations, the patient was offered the radiofrequency abla-
tion, which she refused. The controlled-release flecainide was
therefore cancelled and replaced by the addition of bisoprolol
2.5 mg once daily plus amiodarone 200 mg daily. The echocar-
diogram (Fig. 1) was characterized by a severely depressed
(23%) left ventricular ejection fraction (LVEF) due to uniform
dilatation of the left ventricle and moderate secondary mitral
insufficiency. Thus, considering the echocardiographic picture
compatible with the diagnosis of idiopathic dilated cardiomyo-
pathy, the therapy was supplemented by ramipril at the dose of
5 mg once a day, plus a mineralocorticoid receptor antagonist,
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i.e., canrenone 25 mg daily, plus furosemide 25 mg daily. In
addition, due to the incumbent risk of cardioembolic events
related to recurrent paroxysmal AF episodes, the patient was
given rivaroxaban at the dose of 15 mg once daily. In Janu-
ary 2018, despite the patient’s close adherence to therapy, she
started complaining about dyspnea related to minimal physi-
cal activity (New York Heart Association (NYHA) class III).
The deterioration of the hemodynamic and clinical picture was
related to the worsening of the functional mitral insufficiency
and the occurrence of intermittent left bundle branch block.
For the worsening mitral regurgitation the patient was offered
a MitraClip procedure that she refused (February 2018). The
echocardiogram revealed a severe dilation of the left ventricle
with end-diastolic volume of 107 mL and end-systolic volume
of 82 mL, and severely reduced LVEF (32%) with left atrial
volume index (LAVI) of 38 mL/m?. During the follow-up, in
July 2018, her ventricular function was still severely reduced
(LVEF 32%) and LAVI was about 38 mL/m?, despite the car-
dioprotective therapy. Therefore, ramipril was suspended, and
after 48 h sacubitril/valsartan therapy was initiated, at the dos-
age of 24/26 mg twice daily in add-on to therapy with furosem-
ide 25 mg quaque altera die (qod), carvedilol 12.5 mg twice
daily, canrenoate 25 mg once daily, and rivaroxaban 20 mg
once daily. In February 2019, sacubitril/valsartan was up ti-
trated to 49/51 mg/bis in die (bid). In May 2019, sacubitril/
valsartan was up titrated to 97/103 mg/bid, but patient had
symptomatic hypotension, so the dosing was reduced to 49/51
mg/bid. At the subsequent follow-up visit, sinus rthythm was
restored and LVEF progressively recovered, with a marked re-
duction of chamber dimensions and cardiac volumes. In May
2019, LVEF was 35%, and LAVI was reduced to 30 mL/m?. At
present, the patient is in good conditions and furosemide dos-
ing has been curtailed to the 25 mg qod (Fig. 2).

The patient whose clinical description constitutes the sub-
ject of the present article, gave informed consent to participate
in the study, and provided informed consent for publication.
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Figure 2. Echocardiography after 10 months of therapy with sacubitril/valsartan.

Discussion

The case illustrated is an example of the efficacious action of
sacubitril/valsartan which in a 20-month follow-up has shown
to favorably modify the pump efficiency, reduce congestion,
antagonize atrial electroanatomical remodeling, thereby fa-
voring the retrieval of the sinus rhythm. In reality, the judg-
ment cannot be generalized to all the decompensated patients
since the present study is a case report and not a RCT study.
However, our experience, albeit limited, with sacubitril/val-
sartan used as an upstream therapy for AF leads us to assert
that the drug could play a role in preventing AF recurrences
through its multiple pharmacodynamic actions, including the
antagonism against the renin-angiotensin-aldosterone system
(RAAS), the reduction of the ventricles’ hemodynamic over-
load, the improvement of aspiration of venous caval and pul-
monary venous blood respectively by the right atrium and the
left atrium thanks to the favorable modulation of atrial com-
pliance by the ANP, whose half-life is increased by sacubitril/
valsartan.

Conclusions

Upstream therapy of AF, despite the mixed results reported so
far, could have sacubitril/valsartan as its ideal drug, because
this molecule acts in a balanced way on the electroanatomic
remodeling of the atria thanks to the amplification of the ben-
eficial role of the ANF obtained by the inhibition of the nepri-
lysin which is responsible for its degradation.

The drug, favoring the improvement of the atrial reser-
voir phase, is able to harmoniously regulate the atrial fill-
ing during the systole. The improvement of the mechanical
properties of the atrium is then mirrored by an improvement
of its electrophysiological properties. Therefore, there is ei-
ther a greater regularity of the ventricular response or even a
restoration of the sinus rhythm, as in the present case of AF
converted after the introduction in the therapy of sacubitril
valsartan.
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