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ABSTRACT

Introduction: Atrial fibrillation (AF) is the most common cardiac arrhythmia among Heart Failure
patients (HF). Individuals that suffer from HF and AF have a worse prognosis than individuals that suffer
from one condition only. Sacubitril/Valsartan (Sac/Val), indicated for HF patients with reduced ejection
fraction (HFrEF), might improve AF condition as well but its added value is still controversial. In this

retrospective, self-controlled single-centered study we analyzed the effect of Sac/Val in AF burden.

Materials and Methods: Cardiac Resynchronization Therapy-Implantable Cardioverter Defibrillator
(CRT-D) carriers were listed. From those, patients on Sac/Val were selected for the study if CRT-D
implantation had been prior to drug initiation. For each patient, equal time length control (before Sac/Val
initiation) and exposure (after Sac/Val initiation) periods were defined. We analyzed AF burden by
comparing frequency and mean value of paroxysmal events and the overall variation in AF status
(without, paroxysmal, persistent or permanent). Non-sustained ventricular tachycardia (NsVT),
defibrillator shocks and anti-tachycardia (ATP) events were also analyzed as well as variation of NYHA,
echocardiographic parameters, analytical parameters and HF-related hospitalizations and emergency

episodes.

Results: A total of 72 patients were included in the study (26.4% women/73.3% men) with a mean left
ventricular ejection fraction (LVEF) of 33.6+10.7%. After Sac/Val, there was a reduction in NYHA
functional class (2.00+0.748 to 1.85+0.613, p=0.043) concomitant with an increase in LVEF (from
31.67%+9.28 to 37.33+14.49, p=0.027). Total amount of AF episodes and mean paroxysmal episodes
(among those with paroxysmal AF or without AF) was numerically reduced after Sac/Val initiation,
though variation was not statistically significant. Likewise, amount of defibrillator shocks and that of
participants with = 1 ATP events also decreased. NsVT aggravated after drug initiation, though
differences were not statistically significant. Creatinine and potassium plasma concentrations increased
(p=0.009 and p=0.096, respectively) whereas NT-ProBNP decreased (p=0.691). Hospitalizations and



emergency episodes showed a numerical increase though none of these variations was statistically

significant.

Conclusion: Our results suggest that Sac/Val has an additional benefit to prevent AF episodes. Among
patients without AF or with known paroxysmal AF, there was a numerical reduction in AF paroxysmal
episodes as well as in the mean paroxysmal events per patient after Sac/Val initiation. In addition, our
patients showed a marked increase in LVEF after drug initiation concomitantly with a decrease in NYHA

category.
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INTRODUCTION

Heart failure (HF) is a condition that is estimated to affect 64.3 million people worldwide (1). lts
prevalence is estimated as 8.3% among older adults and 3.4% among all adults. Furthermore, the
mortality rates attributed to HF increased 3,73% every year, from 2011 to 2015, for both sexes and race-
ethnicity groups (2). Up to 50% of patients die suddenly (3).

Around 70% of HF patients suffer from comorbidities (4) and the presence of multiple comorbidities is
one of the main determinants of prognosis and life quality. Type 2 diabetes mellitus, chronic kidney
disease (CKD), chronic obstructive pulmonary disease (COPD) and sleep disordered breathing are
some of the most common (4). Atrial fibrillation (AF) is the most prevalent cardiac arrythmia among HF
patients and both coexist frequently. On one hand, AF is associated with the development and
deterioration of the left ventricle dysfunction. On the other hand, left ventricle dysfunction promotes
electrical and structural alterations on the left atria that facilitate the initiation and maintenance of AF
(5). It is also known that individuals that suffer from HF and AF have a worse prognosis than individuals
that suffer from one condition only (6). Not only AF worsens hemodynamics and exacerbates HF, but it
is also a cause of inappropriate shocks when incorrectly identified by implantable cardioverter
defibrillators (ICDs) as a ventricular tachyarrhytmia (7). In fact, malignant ventricular arrythmia, including
ventricular tachycardia and ventricular fibrillation (VF), are also a common complication of HF and
account for 50-60% of HF patients mortality (8).

Sacubitril/valsartan (Sac/val) is a sodium salt supramolecular complex of sacubitril pro-drug, a neprilysin
inhibitor, and of valsartan, an angiotensin receptor antagonist (ARA) (9). This orally administered ARA-
neprilysin inhibitor was approved in 2015 by the European Medical Agency, after publication of
PARADIGM-HF clinical trial results (10). PARADIGM-HF showed reduction in sudden cardiac death
events and hospitalization in HF patients with reduced ejection fraction (HFrEF) (11), and it is therefore

considered one the cornerstones of drug treatment (12). While it also holds a potential anti-arrhythmic



effect, this added value of Sac/Val is still controversial, with some studies suggesting a reduction in
ventricular arrhythmias (VA) and in AF leading to a reduction in the amount of ICD interventions (13).

In this retrospective study we aimed to evaluate whether Sac/Val impacts on AF burden in patients with
previously known paroxysmal AF. Our study population were HF patients with CRT-D followed at the
Cardiology Department of a tertiary hospital, who initiated Sac/Val after CRT-ICD implantation. We also
analyzed the incidence of VA, ICD shocks and anti-tachycardia pacing (ATP) events before and after

Sac/Val, as well as HF hospitalizations and emergency episodes.

MATERIALS AND METHODS

Study population and inclusion/exclusion criteria

This is a retrospective, self-controlled single-centered study conducted at a tertiary hospital. Criteria to
define the study population included: 1) to be a CRT-D carrier; 2) to have initiated Sac/Val at least 3
months after implanting the device; 3) to be on Sac/Val for at least 3 months. To identify our study
population, initially we listed all patients enrolled in the CRT-D follow up appointments database between
2nd of January 2019 and 24t of May 2022. Next, we evaluated electronic health records from the
Portuguese hospital information management software (SCLINICO) and from the drug electronic
prescription system (PEM). Based on the Sac/Val initiation date, we therefore defined, for each patient,
two equal time length study intervals: one before Sac/Val exposure and another after Sac/Val exposure.
Patients were excluded if their drug compliance was explicitly categorized as bad or doubtful.

The study was approved by the local Ethics Committee of the CHUC/Faculty of Medicine of the
University of Coimbra, with approval number Pl OBS.SF.174-2022.

Data collection

Data was collected from SCLINICO and CardioBase (Cardiology Information System). For each patient,
we retrieved demographic characteristics and CRT-D implantation dates. Baseline variables, such as
NYHA class, guideline directed medical therapy (GDMT) and comorbidities were retrieved, if available
at the time Sac/Val was initiated. Likewise, laboratory analysis, LVEF, left ventricular end systolic volume
(LVESV), left ventricular end diastolic volume (LVEDV) and left atrial end diastolic volume (LAEDV)
were retrieved as close as possible to Sac/Val initiation date (but not older than one year) and endpoint
(between 3 months and one year after Sac/Val initiation), respectively. LVEF was retrieved either from
echocardiographic reports available at CardioBase (preferably), otherwise from clinical registries. In
addition, we retrieved the number and date of HF related emergency episodes and hospitalizations.
Time since CRT-D implantation was calculated as the difference between Sal/Val initiation and device
implantation dates. NYHA categories were converted into continuous quantitative variables in order to
obtain a mean value.

CRT-D episodes were noted by date of occurrence and respective number of events. For each patient

time interval, we retrieved information from CRT-D follow up episodes, including non-sustained



ventricular tachycardia (NsVT), paroxysmal AF episodes, defibrillator shocks and anti-tachycardia
pacing (ATP).

Statistics

Continuous variables were tested for normality using he Kolmogorov-Smirnov or Shapiro-Wilk test, as
appropriate. Continuous variables are expressed as mean =+ standard deviation if normally distributed
and compared with the paired ttest. Categorical data were expressed as numbers and percentages and
compared with the Wilcoxon signed-ranked test or McNemar as appropriate. Statistical significance was
always set as a two-tailored probability level of < 0.05. Statics were performed using SPSS version
28.0.1.1. (IBM, Chicago, IL, USA).

RESULTS

Population demographics

A total of 72 patients fulfilled the eligibility criteria. Mean age of participants was 68.3 + 12 years (table
1). Patients initiated Sac/Val between October 2017 and June 2022. Around 26% of participants were
women. Follow up times ranged from 2.8 to 57.1 months, with a mean of 20.8 months/participant. The
mean duration of time from CRT-D implantation to Sac/Val initiation was 61.33 months (approximately
5 years and 1 month).

At baseline, mean LVEF was 33.6%. Regarding NYHA categories, 50% of the patients were in NYHA
I, while 21.9 and 28.1 were in NYHA | and Ill, respectively. There were no patients in NYHA V. Mean
serum levels of creatinine, potassium and AST were within normality range (0.6-1.2 mg/dL, 3.5-5 mmol/L
and 15-40 U/L respectively), NT-ProBNP were elevated above chronic heart failure diagnostic threshold
(around 125 ng/L).

More than half of the patients were, at the time of Sac/Val initiation, diagnosed with hypertension,
dyslipidemia and type 2 diabetes mellitus, 17% suffered from CKD and 4% from COPD. Before Sac/Val
initiation, most patients were under beta-blocker (92.6%) and loop diuretic therapy (83.3%), 77.8% were
taking either ACE-1 or ARB and only 22.2% were under SGLT2 inhibitor. Around 33% of patients were
under amiodarone, 24.1% under digoxin and 11.1% under ivabradine. Regarding other drugs, 37.2% of

the patients were taking more than 5 other drugs and 42.6% were taking between 3 and 5.



Table 1. Characteristics of overall study population at baseline.

Demographics
Age (years) 68.3+12.2
Female/Male (%) 26.4/73.3

Mean time since CRT-D Implantation (months) 61.33 +37.2
Echocardiographic features

LVEF (%) 33.6 +10.7
LVEDV (ml) 143.2 + 62.6
LVESV (ml) 91 £46.19
LAEDV/BSA (ml/m2) 43.5 ml/m?
NYHA class (%)

I 21.9

Il 50

1] 28.1

v 0
Laboratory analysis

Serum creatinine (mg/dL) 1.1+04
Potassium (mmol/L) 46 +0.5
ProBNP (pg/ml) 177.5+214.4
NT-ProBNP (pg/ml) 1898.7 + 3073
AST (U/L) 25.8 £10.0
Comorbidities (%)

Hypertension 66.7
Dyslipidemia 57.7
Diabetes 50.9

CKD 17

COPD 4
Guideline directed heart failure therapy (%)

ACE-I or ARB 77.8
Beta-blocker 92.6
Aldosterone antagonist 68.5

Loop diuretic 83.3
Ivabradine 11.1
Digoxin 241
Amiodarone 33.3
SGLT2 inhibitor 22.2
Number of drugs (%)

[0-2] 20.4

[3-5] 42.6

>5 37.2

Data is represented as mean + standard deviation. CRT-D: cardiac resynchronization therapy-defibrillator; LVEF:
left ventricular ejection fraction; LVEDV: left ventricular end diastolic volume; LVESV:; left ventricular end systolic
volume; LAEDV/BSA: left atrial end diastolic volume/body surface area; NYHA: New York Heart Association; CKD:
chronic kidney disease; COPD: chronic obstructive pulmonary disease; ACE-I: angiotensin-converting enzyme
inhibitor; ARB: angiotensin receptor blocker; iISGLTZ2: sodium-glucose transporter type 2 inhibitor



Evolution of patient characteristics following Sac/Val
Median NYHA category was reduced from 2.00+0.748 to 1.85+0.613 (p=0.043) after Sac/Val initiation.
There was an overall reduction (-5) in the number of NYHA Il patients with a concomitant increase in

NYHA Il patients (+5) (figure 1) and it was statistically significant.
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Figure 1. Number of patients per NYHA category is represented below. Statistical significance was obtained with

Wilcoxon signed ranked test.

Variation of analytical values (table 4) shows increased creatinine plasma concentration (p=0.009), as
well as potassium (p=0.096). NT-proBNP and AST follow a decreasing trend. Variation of
echocardiographic parameters suggests a beneficial effect from Sac/Val with LVEF increase (p=0.027)
and LAEDV decrease (p=0.464). LVESV and LVEDV variation was not calculated due to missing data.

Table 4. Variation of analytical values and echocardiographic features before and after Sac/Val initiation.

Before Sac/Val After Sac/Val p-value
Analytical values
Creatinine (mg/dL) 1.08 +0.37 1.18 + 0.41 0.009*
Potassium (mmol/L) 459 +£0.44 4.7 £0.50 0.096
NT-ProBNP (pg/mL) 1630.8 + 2852.7 1436.47 + 1743.04 0.691
AST (UL) 25.06 +10.59 2242 +11.12 0.260
Echocardiographic fatures
LVEF (%) 31.67 +9.28 37.33 £14.49 0.027*
LAEDV (ml/m2) 4444 +12.813 37.32 £15.240 0.464

Data is represented as mean =+ standard deviation. Statistical significance was calculated with paired t-test (*p <
0.05).



HF-related hospitalizations and ER episodes show an increasing trend, although statistical significance
was not obtained in any of the analyzed items (table 5).

From our study population, six patients died up to the last follow up. Death causes were cancer
complications (1), respiratory tract infection (3), septic shock (1) and decompensated heart failure (1).

There were no sudden cardiac deaths.

Table 5. HF-related hospitalization and emergency episodes before and after Sac/Val initiation.

Before Sac/Val After Sac/Val p-value
HF-related hospitalization
Participants with > 1 5 8 0.581
Total number of hospitalizations 5 10 0.317
Mean (participants with >1) 0.38 0.69 0.337
Mean (all participants) 0.07 0.13 0.437
HF-related emergency episode
Participants with > 1 6 8 0.774
Total number of ER episodes 7 11 0.484
Mean (participants with > 1) 0.54 0.85 0.455
Mean (all participants) 0.10 0.15 0.321

Data is represented as either frequency or mean. Significance was obtained with paired student t-test or McNemar
("p<0.05).

CRT-D registered events following Sac/Val

The amount of NsVT, as well as defibrillator shocks and ATP events, was analyzed before and after
Sac/Val initiation (table 6). One patient had an arrhythmic storm during the follow up period after Sac/Val
initiation (472 NsVT and 35 defibrillator shocks) and was therefore considered an outlier and excluded
from this analysis. While the total amount of NsVT increases after Sac/Val initiation, the total number of
participants with at least one registered defibrillator shock or ATP events decreases, as well as the total
amount of defibrillator shocks. Furthermore, the mean number of defibrillator shocks decreases after

Sac/Val initiation. However, none of these variations is statistically significant.



Table 6. Frequency and mean NsVT, ATP and defibrillator shock events before and after Sac/Val

initiation.
Before Sac/Val | After Sac/Val p-value

NsVT
Participants =1 NsVT 21 25 0.424
Total amount of NsVT 137 176 0.631
Mean NsVT 1.96 + 4.965 2.63 +6.01 0.480
Defibrillator shocks
Participants = 1 defibrilator shock 10 5 0.581
Total amount of defibrillator shocks 19 12 0.565
Mean defibrillator shocks 0.28 +0.820 0.18 £0.796 0.748
ATP events
Participants = 1 ATP 15 13 1.00
Number of ATP events 65 68 0.902
Mean ATP events 0.93 £2.804 1+4.39 0.886

One patient had an arrhytmic storm during PostExp period and therefore excluded from this analysis (N=71). Data

is represented as either frequency or mean + standard deviation. Significance was calculated with paired student t-

test, Wilcoxon or McNemar tests, when appropriate. NsVT: non-sustained ventricular tachycardia; ATP: anti-

tachycardia pacing

Before Sac/Val initiation, 33 patients did not have AF, 19 had paroxysmal AF, 15 had permanent AF

and 2 had persistent AF. After Sac/Val initiation, the AF status changed for some patients resulting in

a positive variation with an overall aggravated AF status, though not statistically significant (p=0.059).
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Figure 2. AF status frequency and variation before and after Sac/Val initiation. Statistical significance was obtained

with Wilcoxon signed ranked test.



Analysis of AF events among patients with paroxysmal AF or without known AF (table 7) after Sac/Val
initiation showed a numerical reduction in the total amount of AF episodes, mean number of episodes
per patient (with at least 1 episode) and mean number of episodes within among all patients (N=44),

although statistical significance was not achieved.

Table 7. Frequency and mean paroxysmal events (+ standard deviation) among patients without AF or
with known paroxysmal AF.

Before Sac/Val | After Sac/Val p-value
Total amount of AF episodes 91 44 0.808
Number of patients = 1 AF paroxysmal 9 10 1.00
episode
Mean paroxysmal events per patient (=1 | 6.07 +14.12 2.65+3.19 0.351
episode)
Mean paroxysmal events per patient (all 1.86 +£8.13 0.9 +2.201 0.338
patients)

Patients with known persistent or permanent fibrillation at any of the timepoints analyzed were excluded from this

analysis (N=44). Statistical significance was calculated with paired student t-test (p < 0.05).

DISCUSSION

This self-controlled study suggests that Sac/Val may prevent AF occurrence in patients without AF or
with known paroxysmal AF. Additionally, it confirms the beneficial effect of this HF-modifier drug
regarding HF functional status and systolic function.

In theory, Sac/Val holds the potential for attenuating atrial arrhythmias (14) but its benefit is still
controversial. The PARAGON-HF trial showed that Sac/Val did not significantly influence the incidence
of AF and atrial flutter after randomization in an intention to treat (15). Furthermore, the OUTSTEP trial
showed that patients who took Sac/Val for 12 weeks, presented even more AF events than those who
took enalapril (16). Recent metadata on randomized clinical trials (RCT) still does not clarify whether
Sac/Val attenuates AF but it suggests that Sac/Val benefit is at least comparable to those of ACEi and
ARB (17) (18). This analysis is, however limited by the fact that cited RCT were not designed to show
an impact on AF occurrence. In some of these trials, it is actually reported as an adverse event instead
of a main outcome (17). Therefore, further trials are required in which the primary endpoint is AF
occurrence, like that of Pimpini and coworkers, whose preliminary data showed that treatment with
Sac/Val decreased the number of patients with at least one episode of atrial tachycardia (AT)/AF per
month as well as the number of AT/AF episodes per year (19). Our results showed a numerical reduction
in the total amount of AF episodes and mean paroxysmal events per patient, thus suggesting an added
value for Sac/Val in HF patients. This reduction may be partially explained by Sac/Val attenuation of
atrial remodeling. Previous data indicate that Sac/Val is superior to valsartan alone in attenuating left

atrial remodeling after AF ablation (20) and that left atrial volume predicts AF recurrence after



radiofrequency ablation (21). In our cohort, LAEDV was indeed numerically reduced after Sac/Val
initiation and though not statistically significant, it indicates a possible atrial reverse remodeling induced
by Sac/Val which consequently contributes to AF attenuation.

Analysis of AF status showed that it aggravated after Sac/Val initiation time, what may be explained by
the normal progression of HF. In line with our findings, Cikes et al (15) showed that within the group of
patients who received Sac/Val, new atrial flutter occurred in 12% of the patients without known previous
flutter, although the drug did not influence development of new arrhythmia. Predictors for these included,
instead, older age, lower heart rate, higher body mass index and higher NT-proBNP per doubling of NT-
proBNP. Similarly, TOP-CAT study showed that within the group that took spironolactone treatment for
HF with preserved EF, new patients developed AF but spironolactone did not influence the development
of AF during treatment nor did history of AF or AF at enroliment modified the beneficial treatment effect
of spironolactone (22). In light of these data, it seems plausible to assume that in our study, AF status
aggravation is not a direct effect of Sac/Val but more likely due to other variables including the natural
history of HF.

Since Sac/Val acts on the RAAS system, directly through valsartan and indirectly through neprilysin
inhibition, it has the potential to promote ventricular reverse remodeling, and ultimately reduce
ventricular arrhythmias. Although some authors have reported a beneficial effect of Sac/Val in reducing
ventricular arrhythmias (13), recent metadata analysis did not find differences between Sac/Val and the
control group (18). Our data shows a numerical reduction in the number of participants with at least > 1
ATP event and defibrillator shocks, as well as mean number of shocks per patient (though not
statistically significant).

In our study, functional status and systolic function were notoriously improved after Sac/Val,
corroborating previous results (10). NYHA evaluation before and after Sac/Val initiation also showed a
significant improvement mainly due to an increase in NYHA Il patients with a concomitant decrease from
NYHA lll. This was also shown in the PARADIGM-HF clinical trial (10), with a positive interaction
between Sac/Val and NYHA functional class, superior to that of enalapril, although there was no
correlation between NYHA and the effect on death from cardiovascular causes. However, whether this
does reflect an improvement in patient functionality should be assessed with more objective scales. In
fact, Piepoli and coworkers showed no beneficial effect of Sac/val on either six-minute walk test or
daytime physical activity compared to enalapril (16) but pinpointed possible explanations for those
findings, such as participant motivation and perpetuated sedentary lifestyle.

Sac/Val benefited systolic function as well, with an increase in LVEF around 6%. Due to LVEDV and
LVESV missing data, echocardiographic analysis was limited to LVEF but it was expected that treatment
with Sac/Val could reduce both (23). Moreover NT-ProBNP was numerically reduced after Sac/Val
initiation. This tendency is reported in several studies and may occur as early as 4 weeks (10) but it is
still observed after 12 (24). Although not statistically significant, our data follows that reported in other
studies, including metadata analysis (25), reflecting a reduction in cardiac wall stress and ultimately in

left ventricular reverse remodeling, which is by itself a therapeutic target in HF.
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Despite improvements in NYHA category and systolic function, we did not see a reduction in HF-related
hospitalizations and emergency episodes, after Sac/Val initiation. In fact, these numbers increased,
which may reflect one of our study limitations, since there could be missing data on hospitalizations and
ER episodes occurring outside our center. On the other hand, follow up times are extensive which
severely ages the study population from beginning till end of the study, increasing the chances of
complications. In fact, 32% of our patients were followed for at least 4 years and a considerable 14%
for at least 6 years. Thus, these results may reflect a bias of our ageing study population and despite
these results, there were no reported sudden cardiac death among our patients.

Noteworthy creatinine was statistically significantly increased after Sac/Val initiation. Compared to
valsartan, creatinine levels above 2.5 mg/dL were reported less frequently in the Sac/Val group among
HFrEF patients (10) and compared to irbesartan, another ARB, Sac/Val has similar effects in kidney
function within CKD patients (26). Sac/Val in fact slows down the natural deterioration of the estimated
glomerular filtration rate (27). Thus, although in our study creatinine levels after Sac/Val initiation are
increased, they are within the upper limit of normality range (1,2 mg/dL) and may reflect a deterioration

in renal function accompanying HF natural history that would be otherwise faster.

CONCLUSION

Our results suggest that Sac/Val has an additional benefit in patients with AF. Among patients without
AF or with known paroxysmal AF, there was a numerical reduction in AF paroxysmal episodes as well
as in the mean paroxysmal events per patient after Sac/Val initiation. Additionally, our data confirms the
beneficial effect of this HF-modifier drug regarding HF systolic function and functional status, as our
patients showed a marked increase in LVEF after drug initiation concomitantly with a decrease in NYHA

category.
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