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Abstract: Objective: To compare the efficacy of amiodarone alone versus amiodarone combined with sacubitril/
valsartan in patients with new-onset atrial fibrillation (NOAF) after acute myocardial infarction (AMI) and to provide 
a theoretical basis for optimizing clinical strategies. Methods: Data of 106 NOAF patients admitted to West China 
Hospital, Sichuan University (January 2022 to June 2024) were retrospectively analyzed. Patients were divided into 
a control group (amiodarone alone) and an observation group (amiodarone combined with sacubitril/valsartan). 
Demographic characteristics, length of hospital stay, duration of atrial fibrillation, creatine kinase MB (CK-MB), high-
sensitivity cardiac troponin T (hs-cTnT), ventricular rate, creatinine, urea, C-reactive protein (CRP), alanine trans-
aminase (ALT), and aspartate aminotransferase (AST) were collected and compared between the two groups. Car-
diac function parameters, including left ventricular end-diastolic diameter (LVEDD), left ventricular ejection fraction 
(LVEF), left ventricular end-systolic diameter (LVESD), recurrence rate, and other adverse events, were recorded at 
admission and six months post-discharge. Results: Both groups showed significant improvement in CK-MB, hs-cTnT, 
ventricular rate, ALT, and AST after treatment, with no significant difference between the groups. While CRP levels 
remained stable in the control group, the observation group demonstrated a significant decrease. Additionally, the 
observation group showed a significantly elevated LVEF level but lower LVESD and LVEDD levels after treatment, 
while these parameters remained unchanged in the control group. Besides, the observation group had a longer 
recurrence time and a lower incidence of stroke. Conclusion: Amiodarone combined with sacubitril/valsartan sig-
nificantly improves cardiac function, prolongs the time to recurrence, and reduces the incidence of stroke in NOAF 
patients after AMI.
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Introduction

Acute myocardial infarction (AMI) is a leading 
cause of disability and mortality globally. New-
onset atrial fibrillation (NOAF) is a prevalent 
complication of AMI, often recurring and signifi-
cantly increasing the risk of mortality, heart fail-
ure, and prolonged hospitalization [1-4]. Epide- 
miological research indicates that up to 21% of 
patients diagnosed with AMI may develop 
NOAF, with the incidence rising due to an aging 
population and the increasing burden of cardio-
vascular disease [5, 6]. Beyond being an impor-
tant indicator of short- and long-term adverse 

outcomes, NOAF contributes substantially to 
healthcare resource utilization and socioeco-
nomic burden [1, 2, 7]. However, since the me- 
chanisms underlying NOAF are not fully under-
stood, clinical management remains challeng-
ing, and optimal preventive and therapeutic 
strategies are still needed [2]. Therefore, explor-
ing effective treatments for NOAF in AMI pa- 
tients is crucial to enhancing clinical interven-
tion strategies and improving patient out- 
comes.

Conventional treatment for atrial fibrillation (AF) 
includes pharmacologic cardioversion, heart 
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rate control, and anticoagulation [8]. Amiodar- 
one is a broad-spectrum antiarrhythmic drug 
widely used to manage AF by inhibiting potas-
sium ion efflux and prolonging the action poten-
tial duration and effective refractory period of 
cardiomyocytes, thereby achieving rhythm con-
trol and restoring sinus rhythm [8]. Previous 
studies have shown that oral amiodarone is 
highly effective in converting AF to sinus rhy- 
thm and maintaining it [9], while intravenous 
amiodarone is beneficial for acute AF episodes 
[10]. Although amiodarone shows promising 
clinical efficacy in AF management, its efficacy 
in AMI patients with NOAF requires further clini-
cal validation.

Sacubitril/valsartan is a dual-acting agent that 
combines angiotensin receptor blockade with 
neprilysin inhibition, exhibiting anti-ventricular 
remodeling effects. Initially developed for the 
treatment of heart failure, its potential role in 
AF management has garnered increasing att- 
ention [11]. The effectiveness of sacubitril/val-
sartan in managing heart rhythm in patients 
with persistent AF has been demonstrated in 
previous research [12]. Additionally, a meta-
analysis showed that sacubitril/valsartan re- 
duces the occurrence of AF among patients 
undergoing catheter ablation and shows supe-
rior benefits in improving cardiac remodeling 
[13, 14]. However, research specifically examin-
ing its impact on NOAF after AMI remains 
limited.

This retrospective study aimed to systemati-
cally evaluate the efficacy of amiodarone alone 
versus amiodarone in combination with sacu- 
bitril/valsartan in treating NOAF after AMI. We 
hypothesized that the combination therapy 
would yield better results in improving cardiac 
function, preventing recurrence, and reducing 
other adverse events. We anticipate that our 
research will offer novel insights into therapeu-
tic approach for managing NOAF following AMI.

Methods

Case selection

Clinical data from 106 AMI patients who devel-
oped AF after admission to West China Hos- 
pital, Sichuan University between January 
2022 and June 2024 were retrospectively ana-
lyzed in this study. Inclusion criteria: age > 18 
years; with or without percutaneous coronary 
intervention (PCI); treatment with amiodarone 

for cardioversion with successful restoration to 
sinus rhythm; and documented follow-up at 6 
months post-discharge. Exclusion criteria: prior 
history of AF; history of sick sinus syndrome; 
history of rheumatic valvular disease; previous 
coronary artery bypass grafting surgery (due to 
notably elevated postoperative AF incidence) 
[7, 15]; malignant tumor; and incomplete clini-
cal data. This study was approved by the Ethics 
Committee of West China Hospital, Sichuan 
University.

Diagnostic criteria for AMI: Elevated high-sen- 
sitivity cardiac troponin T (hs-cTnT) levels, 
exceeding the 99th percentile of the upper li- 
mit of normal; chest pain or other symptoms  
of myocardial ischemia; electrocardiographic 
changes, including sustained ST-segment de- 
pression > 0.1 mv or elevation > 0.2 mv; or 
imaging studies confirming new-onset loss of 
viable myocardium or segmental ventricular 
wall motion abnormalities [7]. NOAF was  
identified as the first occurrence of AF during 
hospitalization in patients with no prior history 
of AF. Diagnosis was confirmed through car- 
diac monitoring or 12-lead electrocardiogra- 
ms, characterized by irregular R-R intervals, 
absence of P waves, and abnormal rhythms 
lasting more than 30 seconds [7, 16].

Data collection and outcome measurement

Patients were divided into two groups based on 
their treatment regimen recorded in the clinical 
system: the control group (amiodarone alone; n 
= 50) and the observation group (amiodarone 
combined with sacubitril/valsartan; n = 56). In 
the control group, amiodarone was adminis-
tered intravenously to restore sinus rhythm on 
the basis of optimal treatment (antihyperten-
sive, lipid-regulating, hypoglycemic and antico-
agulant therapy). Initially, 150 mg was given 
over 10 min, followed by an infusion of 1 mg/
min for 6 h, and then switched to oral adminis-
tration (100-200 mg once daily) for mainte-
nance [8, 9, 17]. Patients in the observation 
group received additional sacubitril/valsartan 
treatment (oral administration) in addition to 
the control group. The initial dosage of sacubi-
tril/valsartan was 50 mg, twice daily, and the 
dose was adjusted every 2 to 4 weeks, depend-
ing on patient tolerance, up to a target dose of 
200 mg twice daily [12].



Sacubitril/valsartan combined with amiodarone in NOAF

2828	 Am J Transl Res 2025;17(4):2826-2834

Demographic information on gender, age, body 
mass index (BMI), lifestyle (smoking, alcohol 
consumption), underlying diseases (diabetes, 
hyperlipidemia, and hypertension), duration of 
hospitalization, duration of AF, time from ad- 
mission to AF onset, and ventricular rate of all 
patients were collected from the electronic  
clinical system. Serological parameters of cre-
atine kinase MB (CK-MB), hs-cTnT, creatinine, 
urea, alanine transaminase (ALT), aspartate 
aminotransferase (AST), and C-reactive protein 
(CRP) were collected. In addition, important 
cardiac function indices, such as left ventricu-
lar ejection fraction (LVEF) at admission and 6 
months after discharge, left ventricular end-
systolic diameter (LVESD), and left ventricular 
end-diastolic diameter (LVEDD) were also 
recorded. Finally, AF recurrence, time to re- 
currence, and adverse events such as death, 
heart failure, and stroke within 6 months of dis-
charge were collected.

Statistical analysis

SPSS 26.0 was used for statistical analysis. 
The normality of the measurement data was 
assessed prior to analysis. Normally distribut-
ed data were expressed as 

_
x  ± sd, and inde-

pendent samples t-test was used for compari-
son between the two groups, while paired 
samples t-test was used for comparison be- 
tween different time points within the group. 
Non-normally distributed data were expressed 
as median, quartiles [M (P25, P75)], and com-
parisons between groups were performed 

using the Mann-Whitney U test, while within-
group comparisons were performed using the 
Wilcoxon matched-pairs signed rank test. Ca- 
tegorical data were described as numbers and 
percentages and were statistically analyzed 
using the χ2 test. A P value of less than 0.05 
was considered statistically significant.

Results

Comparison of baseline characteristics be-
tween the two groups

No significant differences were observed be- 
tween the two groups in terms of gender, age, 
lifestyle, BMI and prevalence of other underly-
ing diseases (diabetes, hyperlipidemia and hy- 
pertension) (all P > 0.05), indicating the compa-
rability between the two groups (Table 1).

Comparison of length of hospital stay and 
duration of AF between the two groups

Length of hospital stay, duration of AF, and time 
from admission to AF onset are important fac-
tors affecting the prognosis of AMI patients. As 
shown in Table 2, no significant differences 
were noted between the two groups in terms of 
the above three metrics (all P > 0.05).

Comparison of CK-MB, hs-cTnT, and ventricular 
rate between the two groups

As shown in Table 3, the levels of CK-MB and 
hs-cTnT were elevated at admission in both 
groups, with no significant difference between 
the two groups (P > 0.05). At discharge, CK-MB 

Table 1. Characteristics of the two groups
Observation group n = 56 Control group n = 50 χ2/t/Z P value

Gender [n (%)] 1.078 0.299
    Female 21 (37.5) 14 (28.0)
    Male 35 (62.5) 36 (72.0)
Age [year, M (P25, P75)] 70.50 (61.00, 75.00) 68.50 (57.25, 74.00) -0.301 0.763
Lifestyle [n (%)]
    Smoking 32 (57.1) 23 (46.0) 1.314 0.252
    Alcohol consumption 37 (66.1) 30 (60.0) 0.419 0.518
BMI (

_
x  ± s) 21.63 ± 2.23 21.99 ± 2.34 0.799 0.426

Underlying disease [n (%)]
    Diabetes 24 (42.9) 16 (32.0) 1.325 0.250
    Hyperlipidemia 18 (32.1) 14 (28.0) 0.215 0.677
    Hypertension 23 (41.1) 25 (50.0) 0.850 0.435
Abbreviation: BMI: Body Mass Index.
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levels were significantly reduced in both the 
control group (P = 0.003) and the observation 
group (P < 0.001) compared to admission lev-
els. Similarly, hs-cTnT levels at discharge we- 
re significantly lower in both the control group 
(P < 0.001) and the observation group (P < 
0.001) compared to their admission levels. 
Notably, there was no statistically significant 
difference between the two group regarding the 
reduction in CK-MB and hs-cTnT levels (P > 
0.05).

At admission, the ventricular rates were compa-
rable between the control and observation 
groups, with no significant difference (P > 0.05). 
At discharge, the ventricular rates were signi- 
ficantly lower in both the control group (P = 
0.010) and observation group (P < 0.001) com-
pared to the admission levels. However, no sig-
nificant difference was observed between the 
two groups (P > 0.05).

Comparison of kidney function, liver function, 
and inflammatory markers between the two 
groups

As shown in Table 4, no significant difference 
was observed in creatinine and urea levels 

between the two groups at admission and dis-
charge (all P > 0.05). For liver function, ALT and 
AST levels were comparable between the two 
groups at admission (both P > 0.05). Post-
treatment, the ALT and AST levels in both 
groups were significantly decreased at dis-
charge (P < 0.001). However, no significant in- 
ter-group difference was observed in ALT and 
AST at discharge (P > 0.05). As for inflammatory 
marker (CRP), the two groups showed compa-
rable CRP levels at admission (P > 0.05). Post-
treatment, the control group maintained a  
stable level (P > 0.05), while the observation 
group demonstrated a significant reduction (P 
= 0.002). Notably, no significant difference was 
observed in CRP levels between the two groups 
at discharge (P > 0.05).

Comparison of LVEF, LVEDD, and LVESD levels 
between the two groups

As shown in Table 5, no significant difference 
was noted in LVEF, LVEDD, or LVESD between 
the two groups at admission (all P > 0.05). After 
6 months of treatment, control group showed 
no significant changes in these metrics (all P > 
0.05). However, LVEF (P = 0.006) was signifi-

Table 3. CK-MB, hs-cTnT, and ventricular rate at admission and discharge of the two groups
Observation group n = 56 Control group n = 50 P value

CK-MB (U/L, M (P25, P75))
    Admission 25.00 (19.98, 27.95) 25.00 (21.85, 25.00) 0.895
    Discharge 18.55 (13.75, 24.25) 20.35 (16.58, 23.55) 0.336
    P value < 0.001 0.003
hs-cTnT (pg/mL, M (P25, P75))
    Admission 366.55 (274.45, 475.28) 350.00 (270.20, 435.00) 0.504
    Discharge 54.15 (38.53, 79.63) 63.85 (49.13, 78.60) 0.136
    P value < 0.001 < 0.001
Ventricular rate (bpm, 

_
x  ± sd)

    Admission 87.42 ± 15.48 85.48 ± 12.76 0.484
    Discharge 77.12 ± 15.55 78.50 ± 13.94 0.634
    P value < 0.001 0.010
Abbreviations: CK-MB: creatine kinase MB; hs-cTnT: high-sensitivity cardiac troponin T.

Table 2. Duration of hospital stay, duration of atrial fibrillation, and time in atrial fibrillation from the 
time of admission of the two groups

Observation group n = 56 Control group n = 50 P value
Duration of hospital stay [day, M (P25, P75)] 8.50 (6.00, 11.00) 9.00 (7.00, 10.75) 0.374
Duration of atrial fibrillation [h, M (P25, P75)] 42.50 (28.50, 56.00) 36.50 (24.00, 48.00) 0.238
Time from admission to onset of atrial fibrillation (h, 

_
x  ± sd) 22.50 (11.75, 38.00) 22.00 (8.00, 31.00) 0.202
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cantly elevated, while LVEDD (P = 0.022) and 
LVESD (P < 0.001) were significantly decreas- 
ed in the observation group after treatment. 
Additionally, the observation group demon-
strated significantly better LVEF (P = 0.018), 
LVEDD (P = 0.012), and LVESD (P = 0.017) lev-
els compared to the control group.

Comparison of recurrence rate and time to 
recurrence between the two groups

Patients with NOAF are at risk of recurrence 
after the restoration of normal sinus rhythm. As 
shown in Table 6, no significant difference was 
observed in the recurrence rate between the 

Table 4. Creatinine, urea nitrogen, AST, ALT and CRP at admission and discharge of the two groups
Observation group n = 56 Control group n = 50 P value

Creatinine [μmol/L, M (P25, P75)]
    Admission 91.13 (84.05, 97.60) 87.92 (81.09, 96.40) 0.211
    Discharge 89.82 (85.32, 94.00) 87.85 (80.44, 93.50) 0.216
    P value 0.253 0.606
Urea [mmol/L, M (P25, P75)]
    Admission 9.69 (7.20, 12.46) 8.84 (6.37, 12.48) 0.494
    Discharge 9.83 (6.85, 14.40) 10.91 (6.75, 13.18) 0.695
    P value 0.599 0.735
ALT (U/L, 

_
x  ± sd)

    Admission 62.49 ± 15.50 59.50 ± 15.49 0.332
    Discharge 43.50 ± 12.38 42.50 ± 10.29 0.654
    P value < 0.001 < 0.001
AST [U/L, M (P25, P75)]
    Admission 68.50 (58.88, 76.50) 72.05 (61.63, 81.63) 0.181
    Discharge 55.70 (43.98, 62.38) 50.00 (44.85, 56.85) 0.209
    P value < 0.001 < 0.001
CRP [mg/L, M (P25, P75)]
    Admission 7.90 (5.98, 9.30) 7.45 (5.50, 9.08) 0.531
    Discharge 5.95 (3.98, 7.55) 6.50 (5.53, 8.45) 0.084
    P value 0.002 0.129
Abbreviations: AST: aspartate aminotransferase; ALT: alanine transaminase; CRP: C-reactive protein.

Table 5. LVEF, LVEDD, and LVESD at admission and 6 months after discharge of the two groups
Observation group n = 56 Control group n = 50 P value

LVEF [%, M (P25, P75)]
    Admission 43.00 (39.75, 52.00) 43.00 (39.00, 49.00) 0.374
    Six months after discharge 52.00 (42.00, 56.00) 46.00 (39.00, 54.00) 0.018
    P value 0.006 0.149
LVEDD [mm, M (P25, P75)]
    Admission 48.00 (43.75, 51.00) 49.00 (44.00, 52.00) 0.233
    Six months after discharge 46.00 (43.75, 48.25) 48.00 (44.00, 52.00) 0.012
    P value 0.022 0.626
LVESD (mm, 

_
x  ± sd)

    Admission 35.23 ± 5.54 33.86 ± 5.80 0.216
    Six months after discharge 30.87 ± 3.32 32.88 ± 5.05 0.017
    P value < 0.001 0.352
Abbreviations: LVEF: left ventricular ejection fraction; LVESD: left ventricular end-systolic diameter; LVEDD: left ventricular end-
diastolic diameter.
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two groups at 6 months after discharge (P > 
0.05). However, the patients in the observation 
group had a significantly longer time to dis-
charge compared to those in the control group 
(P = 0.009).

Comparison of adverse events between the 
two groups

Apart from recurrence, patients were evaluat- 
ed for cardiovascular complications and mor-
tality risks. As shown in Table 7, no significant 
difference was noted in the incidence of heart 
failure and death between the two groups  
(both P > 0.05). However, a significantly reduc- 
ed incidence of stroke was observed in the 
observation group compared to the control 
group (P = 0.040).

Discussion

Amiodarone is a commonly used drug to re- 
store and maintain sinus rhythm in patients 
with all types of AF [8, 9]. Sacubitril/valsartan, 
initially developed for heart failure manage-
ment, has gained increasing attention for its 
anti-ventricular remodeling effects and poten-
tial in AF treatment [12]. This study evaluated 
the therapeutic effects of amiodarone alone 
and its combination with sacubitril/valsartan  
in patients with NOAF following AMI. Both 
groups showed significant improvements in 
CK-MB, hs-cTnT, ventricular rate, ALT, AST and 
CRP levels at discharge. Six months after dis-
charge, the observation group exhibited sig- 
nificantly better LVEF, LVEDD and LVESD com-
pared to admission and to the control group. In 
addition, the observation group had a longer 
time to recurrence and a lower incidence of 
heart failure than the control group. These 

19]. AMI is known to induce a significant 
increase in hs-cTnT and CK-MB levels, with 
more pronounced increases in patients with 
NOAF [16]. During our investigation, markedly 
elevated levels of hs-cTnT and CK-MB were 
observed in both groups of AMI patients upon 
hospital admission, especially hs-cTnT, which 
showed significant reduction following conven-
tional treatment at the time of discharge. Liver 
function is intricately linked to the progres- 
sion of cardiovascular disease. Studies have 
shown that increased levels of AST and ALT are 
frequently observed in patients with AMI, and 
these elevations demonstrate a significant  
correlation with the AUC of CK-MB [20, 21]. In 
this study, NOAF patients showed a significant 
elevation in both ALT and AST levels at admis-
sion compared to normal ranges. Notably, this 
abnormal upregulation of liver function indices 
was significantly reversed by either amiodarone 
or amiodarone combined with sacubitril/valsar-
tan. However, this improvement did not show 
strong correlation with either treatment modal-
ity, likely due to the short duration of hospital-
ization. We speculate that these effects may  
be attributed to other conventional treatments 
administered during the hospital stay. CRP, a 
crucial inflammation-related marker in routine 
blood tests, has been extensively studied in 
relation to NOAF. Previous research has de- 
monstrated significantly higher CRP levels in 
patients developing NOAF compared to those 
without NOAF [22]. Furthermore, CRP levels 
serve as a significant and independent predic-
tor of NOAF development in AMI patients [23, 
24]. In our research, we found that CRP levels 
were significantly elevated in all NOAF patients, 
with notable improvement following treatment 

Table 6. Recurrence and their recurrence time of the two groups
Observation 
group n = 56

Control group  
n = 50 P value

Recurrence [n (%)] 3 (5.4) 8 (16.0) 0.073
Recurrence time (day, 

_
x  ± sd) 151.00 ± 19.31 94.50 ± 26.32 0.009

Table 7. Adverse events in both groups
Observation group 

n = 56
Control group 

n = 50 P value

Heart failure [n (%)] 3 (5.4) 7 (14.0) 0.185
Stroke [n (%)] 3 (5.4) 9 (18.0) 0.040
Death [n (%)] 1 (1.8) 2 (4.0) 0.601

results suggest that amioda-
rone combined with sacubi-
tril/valsartan not only im- 
proves cardiac function but 
also reduces adverse out-
comes compared to amioda-
rone alone.

CK-MB and hs-cTnT are widely 
recognized as sensitive indi-
cators for evaluating cardiac 
function, demonstrating sig-
nificant correlations with both 
short-term and long-term ad- 
verse outcomes in patients 
with heart disease [16, 18, 
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with amiodarone combined with sacubitril/val-
sartan. While the amiodarone monotherapy 
group did not show statistically significant 
improvement in CRP levels, a reduction was 
observed compared to pretreatment levels.  
We suggest that the limited sample size in our 
study may have influenced these findings.

LVEF, LVEDD and LVESD are critical indicators 
for assessing cardiac function in patients with 
heart failure and AIM [9]. These parameters 
serve as the primary reference criteria for eval-
uating changes in cardiac function [25, 26]. 
Previous studies have shown that LVEF recov-
ery 2-12 weeks after AMI is a significant pre- 
dictor of patient prognosis, with greater LVEF 
improvement correlating with a reduced risk  
of cardiac arrest and mortality. Furthermore, 
LVEF assessment at 6 weeks post-AMI offers a 
stronger predictive value for clinical outcome 
[27]. In this study, NOAF patients exhibited a 
notable decline in LVEF, accompanied by sig- 
nificant increases in both LVESD and LVEDD, 
indicating a significant impairment of cardiac 
function. Sacubitril/valsartan has demonstrat-
ed superior efficacy in enhancing cardiac  
function among patients with heart failure, and 
this improvement is mainly manifested by the 
increase in LVEF and decrease in LVESD and 
LVEDD [11, 14]. Similarly, our study revealed 
that LVEF, LVEDD, and LVESD were significan- 
tly improved in the observation group com-
pared to the amiodarone monotherapy group 
six months after discharge. We hypothesize 
that this improvement is likely related to the 
reversal of cardiac remodeling by sacubitril/val-
sartan [28].

AF has a higher risk of recurrence, and prior 
research indicated that a history of paroxysmal 
AF is associated with earlier recurrence after 
resuscitation compared to those with persis-
tent AF [4, 29]. Sacubitril/valsartan has also 
been shown to be effective in reducing AF 
recurrence [14]. In this study, although we did 
not observe a statistically significant differen- 
ce in recurrence rates between the two groups, 
we hypothesize that this result may be influ-
enced by the limited sample size and insuffi-
cient data. However, a significantly longer time 
to recurrence was observed in observation 
group compared to the control group, suggest-
ing a potential benefit of the combination ther-
apy in delaying AF relapse. In addition to recur-
rence, patients with NOAF are at heightened 

risk of other adverse events, such as heart fail-
ure, stroke, and death after discharge. Previous 
studies have shown that AMI patients with a 
lower NOAF burden have a heart failure hospi-
talization rate exceeding 10% at 6 months af- 
ter discharge, with higher rates in high-burden 
patients [7]. In addition, the overall adverse 
event rate at 6 months post-discharge in  
NOAF patients after PCI was approximately 
10%, with the highest rate in patients with  
transient AF [22]. Our study found that patients 
in the amiodarone group had an 18% risk of 
stroke at 6 months after discharge, which was 
significantly reduced by the combination with 
sacubitril/valsartan. Consistent with our find-
ings, prior research has demonstrated that 
early initiation of sacubitril/valsartan therapy 
significantly lowers the risk of major adverse 
cardiac events in AMI patients [30].

In conclusion, this study demonstrated the  
efficacy of sacubitril/valsartan in improving the 
prognosis of NOAF patients. However, several 
limitations should be noted. The single-center, 
retrospective design and the relatively small 
sample size may limit the generalizability of  
the results. Future studies should utilize a ran-
domized controlled trial design involving multi-
ple centers and regions to improve the reliabili-
ty of the results. In addition, this study focused 
only on cardiac function changes and adverse 
events within six months after discharge. 
Future studies should incorporate longer fol-
low-up periods to further validate and strength-
en the findings.
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