
Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
1

Review Cardiol Res. 2025;16(1):1-14

Beyond the Beat: A Multifaceted Review of Atrial Fibrillation 
in Sepsis: Risk Factors, Management Strategies,  

and Economic Impact

Wing Lam Hoa, i, Muhammad Umaisb, Meena Baic, Ngoc Bao Dangd, Kajal Kumarie, 
 Sara Izharf, Rabia Asrarg, Toleen Haddadh, Muhammad Ali Muzammilg

Abstract

Atrial fibrillation (AF) is a common arrhythmia in critically ill pa-
tients. The objective of this narrative review is to evaluate the charac-
teristics of patients who develop new-onset atrial fibrillation (NOAF) 
because of sepsis, current management of NOAF in sepsis patients, 
special consideration in different populations that developed NOAF, 
health economic and quality of life of patients. We conducted a litera-
ture search on PubMed to find research related to NOAF, sepsis and 
critical illness. Nineteen studies were analyzed for risk factors and 
outcomes. The incidence rate ranges from 0.53% to 43.9% among 
these studies. There were numerous risk factors that had been reported 
from these articles. The most reported risk factors included advanced 
age, male sex, White race, and cardiovascular comorbidities. The 
management of septic patients is significantly challenging because 
of the unfavorable cardiovascular consequences and thromboembolic 
hazards associated with NOAF. There are comprehensive guidelines 
available for managing AF, but the effectiveness and safety of thera-
pies in patients with sepsis are still uncertain. Various approaches for 
managing newly diagnosed AF have been explored. Sinus rhythm can 
be restored through either pharmacological or non-pharmacological 
intervention or combination of both. In addition, thromboembolism 
is a complication that can occur in patients with AF and can have a 
negative impact on the prognosis of sepsis patients. The use of antico-
agulation to prevent stroke after NOAF in sepsis patients is still con-
troversial. Extensive prospective investigations are required to have 

a deeper understanding of the necessity for anticoagulation following 
NOAF in sepsis. Beside the treatment of NOAF, early detection of 
NOAF in sepsis plays a critical role. The prompt initiation of rhythm 
control medication following a clinical diagnosis of AF can enhance 
cardiovascular outcomes and reduce mortality in patients with AF and 
cardiovascular risk factors. Additionally, NOAF in the intensive care 
unit can prolong hospital stays, increasing hospitalization costs and 
burdening the hospital. Therefore, preventing and managing NOAF 
effectively not only benefit the patients but also the hospital in finan-
cial aspect. Lastly, to address the existing gaps in knowledge, future 
research should focus on developing machine learning models that 
can accurately anticipate risks, establish long-term follow-up proto-
cols, and create complete monitoring systems. The focus is on early 
intervention and personalized approaches to improve outcomes and 
quality of life.

Keywords: Sepsis; New-onset atrial fibrillation; Septic shock; Car-
diac complications in sepsis; Arrhythmia in sepsis

Introduction

The definition of sepsis was initially established in 1992 
through an agreement among prominent experts in the field 
of critical care. The definition of sepsis underwent its third 
change in 2016. It is now described as a life-threatening con-
dition where the organs fail due to the host’s dysregulated re-
sponse to infections, which ultimately can lead to death [1]. A 
subtype of sepsis, septic shock is characterized by circulatory, 
cellular, and metabolic instability, which is associated with a 
higher risk of mortality than sepsis itself [1]. Sepsis can lead 
to cytokine-induced lung damage, resulting in noncardiogenic 
pulmonary edema or acute respiratory distress syndrome. In 
addition, it can lead to acute renal injury, anemia, leukocyto-
sis, neutropenia, thrombocytopenia, and disseminated intra-
vascular coagulation [2]. Furthermore, the prevalence of new-
onset atrial fibrillation (NOAF) is higher in sepsis patients, 
and up to 60% of septic patients develop myocardial depres-
sion [2, 3].

Atrial fibrillation (AF) is a common arrhythmia that fre-
quently occurs in patients with sepsis [4]. It occurs in approxi-
mately one out of every seven individuals [3]. NOAF can be 
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triggered by several factors such as systemic inflammation, 
upregulated stress hormones, autonomic dysfunction, and 
volume alterations which are all induced by sepsis [5]. This 
condition is linked to a higher likelihood of death during hos-
pitalization and increased mortality rates in the intensive care 
unit [3]. In addition, NOAF in sepsis patients require longer 
hospitalization and advanced treatment with poor prognosis 
[3]. Despite all the poor outcomes of NOAF during sepsis, 
there is not enough information to guide its therapy, which 
poses considerable issues for sepsis patients. The aim of this 
review is to analyze the attributes of patients who develop 
NOAF due to sepsis, the current guideline of management, 
and suggested predictive models and methods for NOAF in 
sepsis patients.

Methods

To conduct a narrative review, we performed a comprehensive 
search on PubMed, encompassing all records from 2000 to 
2024. The search utilized Medical Subject Headings (MeSH) 
and included the keywords AF, arrhythmia, sepsis, septicemia, 
and septic shock. We conducted a title and abstract screening 
to exclude studies outside the scope of our research, resulting 
in 157 articles being included. A full-text review of the remain-
ing 157 articles further excluded 54 studies that did not meet 
the inclusion criteria for relevance or scope. Exclusion criteria 
were applied to omit studies focused on pre-existing AF, those 
unrelated to sepsis-related cardiac outcomes, and articles that 
were case reports, reviews, or not available in English. This 

helped narrow the scope to studies directly aligned with our 
research objective.

Results

After filtering out duplicates and journals that are irrelevant 
to our research query from the initial database search of 2,093 
results, 157 articles were chosen for additional screening. At 
the end, 71 articles were chosen for analysis after two rounds 
of screening.

Pathophysiology of AF in sepsis

The pathogenesis of NOAF in sepsis may be more complicated 
than that of AF in non-critical patients. There are numerous 
proposed mechanisms that contribute to the development of 
NOAF during sepsis. For AF to occur, there are two prereq-
uisites: 1) the development of a cardiac substrate that predis-
poses to abnormal heart rhythms in the atria; 2) the arrhythmo-
genic trigger (Fig. 1) [6-11]. Sepsis can lead to an elevation in 
inflammatory cytokines, free radicals, and oxidative stress, all 
of which play a crucial role in the body’s inflammatory reac-
tions [7]. Inflammation can lead to accelerated heart structural 
and electrical remodeling, which fulfils the first requirement of 
developing NOAF [6]. All these physiological changes during 
sepsis result in a six-fold higher risk of developing NOAF [8]. 
Myocyte injury, excessive adrenergic stimulation or electro-
lyte derangements can be the trigger of NOAF in sepsis [6]. 

Figure 1. Proposed pathophysiology mechanisms of NOAF in sepsis. NOAF: new-onset atrial fibrillation.
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Furthermore, Aoki et al have suggested that sepsis induced 
shortening of action potential duration, which predisposes to 
NOAF, can be one of the mechanisms [9]. In addition, Shaver 
et al have proposed a theory to elucidate the disparity in the 
development of NOAF across sepsis patients. They hypoth-
esized that certain patients carried intrinsic predispositions for 
developing AF, such as genetic disorders, and that these pre-
dispositions were unmasked after experiencing sepsis which 
caused the accompanying physiological alterations [10]. Fur-
thermore, a recent study has identified four genes associated 
with neutrophil extracellular trap production in sepsis and AF. 
The study also showed that the generation of neutrophil extra-
cellular traps in the atrium may have a role in the development 
of NOAF in sepsis [11]. Therefore, it is important to have a 
greater understanding of the fundamental pathophysiology of 
NOAF during sepsis. This will enable the discovery of new 
therapeutic targets and the implementation of treatment strate-
gies that directly address the underlying causes.

Risk factors for NOAF in sepsis

Classical risk factors of developing AF in general populations 
are advanced age, White race, cardiovascular comorbidities, 
postoperative setting, obesity, diabetes, and smoking [12]. 
Similarly, consistently reported risk factors for a higher like-
lihood of developing NOAF in critical illness also included 
advanced age, male sex, White race, and having comorbidi-
ties (Table 1) [10, 13-31]. In 15 out of 20 studies analyzed, 
advanced age had been associated with an increased incidence 
rate of NOAF in the intensive care unit (ICU) or sepsis pa-
tients, with statistical significance [10, 13-26]. There are four 
out of nine ICU studies that have shown a higher incidence 
rate of NOAF with sepsis vs. non-sepsis [10, 18, 19, 27]. Few 
studies had also shown that higher sequential organ failure 
assessment (SOFA) score is associated with increased risk 
of developing NOAF in sepsis patients [26, 28]. Shaver et al 
[10] and Makrygiannis et al [18] also reported that increased 
left atrial dimensions were associated with a higher incidence 
rate of NOAF in sepsis patients. Mechanical ventilation was 
also associated with higher incidence risk of NOAF [13, 24]. 
Cardiovascular comorbidities were the most common reported 
comorbidities among studies, which include hypertension, 
valvular disease, congestive heart failure (CHF), myocardial 
infarction (MI), and coronary artery disease (CAD) (Table 1) 
[10, 13-31]. However, Walkey et al have reported these comor-
bidities were not associated with increased risk of NOAF dur-
ing sepsis [24, 25]. There were some other comorbidities that 
were reported to be associated with higher risk of developing 
NOAF in critical illness, which included chronic obstructive 
pulmonary disease (COPD), cerebrovascular disease, and dia-
betes (Table 1) [10, 13-31].

Clinical presentation and diagnosis

Diagnosing NOAF in septic patients involves recognizing its 
clinical signs, using tools like electrocardiogram (ECG), con-

tinuous monitoring, and addressing challenges posed by criti-
cal illness [6]. Research by Bosch et al had indicated that any 
organ dysfunction, especially acute cardiac, respiratory, and 
renal failures, correlates closely with AF development com-
pared to other organ dysfunctions [32, 33]. Bosch et al [32] had 
also reported that the most frequent and strongest risk factors 
were associated with the sepsis event and treatment rather than 
cardiovascular conditions. Surprisingly, this meta-analysis 
found that some risk factors that caused AF were not associ-
ated with the development of NOAF during sepsis like CAD, 
diabetes mellitus, hypertension and valvular disease. This may 
indicate that focusing on sepsis treatment may improve patient 
outcomes, and AF may be prevented or resolved more quickly 
[32]. Sepsis patients face increased risks of cardiovascular 
complications, including MI [34-36], heart failure [34, 37, 38], 
new-onset AF, and stroke [25, 36], alongside increased mortal-
ity rates. NOAF in our study was identified as a newly detected 
episode of AF in patients with no prior history. Various meth-
ods for detecting AF from ECG signals have been explored, 
with some focusing on analyzing atrial and ventricular activi-
ties and others employing techniques like wavelet transforms 
and machine learning. Algorithms relying solely on P wave 
absence often struggle with noise and baseline signal varia-
tions, compromising accuracy, particularly in the presence 
of premature beats [39]. To address these challenges, a novel 
AF detection algorithm integrating long-term ECG analysis, 
premature beat detection, and AF identification in critically ill 
patients is proposed [39]. Procalcitonin (PCT), as a marker of 
inflammation and tissue injury in bacterial sepsis, aids in diag-
nosing and prognosticating infections [40]. Although elevated 
PCT levels are observed in chronic kidney disease patients on 
hemodialysis (CKD5-HD), its association with inflammatory 
cardiac conditions like AF remains unclear [40-44]. Studies 
suggest that systemic inflammation, indicated by elevated C-
reactive protein (CRP) levels, plays a role in NOAF develop-
ment, particularly in critically ill patients with septic shock 
[45]. Higher CRP levels and white blood cell counts during 
NOAF episodes have been noted, underscoring the potential 
link between inflammation and AF maintenance [45-47]. Fu-
ture prospective studies are essential to validate these findings 
and explore the complex interplay between inflammation, AF, 
and critical illness.

Prognostic implications of AF in sepsis

NOAF is a significant complication in sepsis, impacting both 
short-term and long-term outcomes. It frequently occurs in 
critically ill patients, particularly those with sepsis and signifi-
cantly impacts their prognosis [5]. NOAF is associated with 
heightened risks of mortality and arterial thromboembolic 
events. Transesophageal echocardiography (TEE) identifies 
abnormalities such as left ventricular dysfunction and dysfunc-
tion of the left atrium/left atrial appendage (LA/LAA), which 
increase the likelihood of thromboembolic events due to blood 
stasis and dense spontaneous echo contrast [48]. Bedside echo-
cardiography is thus valuable for assessing cardiovascular risk 
in these patients [48]. NOAF is an independent risk factor for 
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mortality in septic shock, MI, and heart failure patients [24]. It 
complicates the clinical course of sepsis by worsening hemo-
dynamic status, as it can lead to rapid heart rate (HR), irregular 
rhythms, and loss of atrial systole. This exacerbates cardio-
vascular instability and complicates treatment during sepsis or 
septic shock, potentially leading to acute heart failure [25, 49]. 
Moreover, atrial stasis and sepsis-related coagulopathy in-
crease the risk of systemic embolization and ischemic stroke 
[24, 25, 49]. Restoration of SR improves hemodynamic stabil-
ity by enhancing diastolic filling and left ventricular systolic 
performance. This favorable outcome contrasts with patients 
who fail to regain SR, highlighting the therapeutic significance 
of managing NOAF promptly in septic patients [26, 50]. In 
summary, NOAF poses significant challenges in managing 
septic patients due to its adverse cardiovascular effects and 
thromboembolic risks. Prompt intervention to restore SR can 
mitigate these complications and improve patient outcomes, 
underscoring the critical role of early detection and manage-
ment strategies tailored for sepsis-associated NOAF.

Management strategies: rate control vs. rhythm control

There are many ways to manage AF in sepsis. In this study, 
we have summarized various managements (Fig. 2) [51-61]. 
Elevated circulating catecholamine levels in sepsis may raise 

the possibility of fast atrioventricular-nodal conduction in AF, 
which could shorten the diastolic filling time and raise the risk 
of hemodynamic instability [62, 63]. Therefore, in patients 
who do not require emergency electric cardioversion, practice 
guidelines recommend using medications to lower HR in AF 
with rapid ventricular response (RVR) [64]. An HR of more 
than 110 beats per minute was the upper limit of HR control 
in previous trials, and this was the definition of AF with RVR 
[65, 66].

There are extensive recommendations for addressing AF 
in both the community and acute settings [67, 68]. However, 
the safety and efficacy of treatments in critically ill patients 
remain unclear [69]. Variable treatment strategies for NOAF 
have been considered. There are two therapeutic strategies 
which are generally utilized: rate control and rhythm control. 
The rate control therapy mostly uses beta-blockers and cal-
cium channel blockers. While cardioversion, antiarrhythmics, 
and catheter ablation can achieve rhythm control [51].

Amiodarone, beta-blockers, calcium channel blockers, 
and magnesium provide equal rates of sustained rhythm con-
trol in NOAF patients [52]. The rate-control drugs include 
beta-blockers (metoprolol and esmolol) and calcium channel 
blockers (diltiazem and verapamil). With up to 37% of patients 
experiencing hemodynamic compromise in conjunction with 
AF, those with new-onset AF during critical illness may ben-
efit most from a rapid reduction in HR [52]. However, they 

Figure 2. Various managements for NOAF in sepsis. NOAF: new-onset atrial fibrillation.
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appear to be beneficial in rhythm control. Beta-blockers and 
magnesium are a bit more effective in rhythm control than 
calcium channel blockers and amiodarone [53]. The safety of 
beta-blockers and calcium antagonists is under question, par-
ticularly in critically ill individuals. This is because of the like-
lihood of hypotensive side effects. Amiodarone and digitalis 
are frequently administered to severely ill patients [51].

Gillmann et al found that in 23% of individuals, electrical 
cardioversion followed by medicine resulted in a conversion 
to sinus rhythm. Amiodarone was more effective for cardio-
version [51]. Amiodarone can be very effective in controlling 
rate and rhythm after beta-blocker therapy [54]. Dofetilide 
(DF) and sotalol (SL) are class III antiarrhythmics with mini-
mal non-cardiac side effects, often studied in cases of NOAF 
in sepsis. Dofetilide blocks the rapid delayed rectifier potas-
sium current (IKr), extending action potential duration and 
QT interval by delaying repolarization, which prolongs the 
refractory periods of the His-Purkinje system and ventricles. 
Sotalol, on the other hand, exhibits both class II and III an-
tiarrhythmic effects by non-selective beta blockade and block-
ing rapid component of delayed rectifier potassium channels, 
respectively [55]. Sotalol has been shown to cause significant 
QT prolongation even at low doses and serum concentrations. 
Research indicates a strong correlation between serum sotalol 
levels and QTc prolongation, regardless of the administra-
tion route (oral or intravenous), with similar effects observed 
across equivalent concentrations. This underscores the need 
for careful QT interval monitoring, particularly when initiating 
or titrating doses, to mitigate the risk of torsades de pointes and 
other arrhythmias [56]. Digoxin and DC cardioversion may be 
less successful than other therapies in critically sick individu-
als with NOAF [70]. In individuals with AF, rate control is just 
as critical as rhythm control. For critically ill NOAF patients 
treated with beta-blockers or calcium channel blockers, rate 
control may lead to rhythm control by permitting spontaneous 
cardioversion. In a study, postoperative AF treatment strate-
gies led to similar hospitalization days, complication rates, and 
low persistent fibrillation rates. However, neither treatment 
showed a net therapeutic benefit over the other [71].

Non-pharmacological interventions

According to European guidelines, cardioversion is advised 
for critically ill patients with unstable AF [25]. The goal of 
cardioversion is to improve left ventricular filling and reduce 
cardiac metabolic demand to restore hemodynamics. In a prior 
series of critically ill NOAF patients, 23-32% of patients had 
successful electrical cardioversion [72, 73]. Amiodarone may 
have helped to maintain sinus rhythm stability following the 
quick success of cardioversion, as previously noted by Sticher-
ling et al in cardiological settings [74]. The potential risk of 
cardioversion-related arterial thrombotic events reported in 
outpatients is highlighted by the arterial thrombotic events that 
happened in the successful cardioversion group [75].

Moreover, compared to medication therapy, catheter abla-
tion lowers all-cause mortality in patients with AF and heart 
failure [76]. The main objectives of catheter ablation are to 

enhance quality of life and get rid of AF symptoms. Catheter 
ablation is not usually chosen as a first-line treatment after bal-
ancing consequences such as atrioesophageal fistula, cardiac 
tamponade, phrenic nerve injury, esophageal injury, and pul-
monary vein contracture [77].

Anticoagulation in sepsis-associated AF

The thromboembolic phenomenon is one of the complications 
of AF, and it can worsen the prognosis in sepsis patients. Al-
though warfarin has shown a promising role in primary AF, no 
clear significant findings are available to support this notion in 
secondary AF, especially in sepsis [78]. Variable risks and ben-
efits have been reported so far. Anticoagulation therapy used to 
prevent ischemic stroke is associated with various side effects 
like bleeding and heparin-induced thrombocytopenia [78]. A 
study demonstrated when anticoagulation is used in AF patients 
with sepsis. They observed that it did not lower the ischemic 
stroke risk. However, they were linked with increased bleeding 
risks [79]. Darwish et al found higher adverse events with war-
farin and enoxaparin but not with unfractionated heparin [78]. 
However, studies have shown the beneficial aspects of antico-
agulation in AF management are greater than antiplatelet ther-
apy against cerebral infarction [79]. Zusman et al observed that 
warfarin usage was a significant predictor of stroke-free survival 
[58]. Milika et al discovered that patients who received antico-
agulant medication upon hospital discharge had a considerably 
lower incidence of ischemic stroke [59].

CHADS2 or CHA2DS2-VASc scores can be used to 
screen patients for the risk of central nervous system (CNS) 
complications [12, 80, 81]. Patients with NOAF that lasts for 
more than 48 h and are at risk of CNS complications should re-
ceive anticoagulant medication along with rhythm or rate con-
trol therapy [68]. Parenteral anticoagulation should be admin-
istered with caution in patients with AF during sepsis episodes 
due to the significant risk of bleeding described in previous 
trials [82-84]. The American Heart Association/American Col-
lege of Cardiology/Heart Rhythm Society guidelines recom-
mend warfarin for patients with transient NOAF having the 
CHA2DS2-VASc score greater or equal to 2 [64]. These guide-
lines recommend addressing the underlying cause, considering 
the patient’s risk profile, and AF duration while deciding on 
anticoagulant medication. Considering the limited long-term 
evidence, it is advised that these patients should be carefully 
followed up [64]. Further, clinicians should carefully monitor 
their patients and be ready to start more AF medication, con-
sider giving their patients more frequent doses, or start con-
tinuous infusions if their HR response is transient.

Markers for screening and detection of NOAF in sepsis

AF is one of the cardiovascular diseases with an increasing 
incidence globally. It is linked to higher rates of morbid-
ity and mortality. The hemodynamic stability determines if 
rhythm control therapy is required [85]. In addition to having 
lower levels of hemoglobin, triglycerides, total and low-den-
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sity lipoprotein cholesterol, and creatinine, patients with AF 
are found to have considerably higher levels of fasting blood 
sugar. Additionally, there was a higher likelihood of hyperten-
sion, CHF, chronic kidney disease (CKD), and cerebrovas-
cular accidents among AF patients [86]. New data show that 
early rhythm control therapy, initiated after a recent clinical 
diagnosis of AF, can improve cardiovascular outcomes and 
mortality in patients with AF and cardiovascular risk factors. 
These findings will change the concept and practice of rhythm 
management. There has also been increasing focus on cogni-
tive function assessment in patients with AF for early detec-
tion and prevention of cognitive impairment and its negative 
impact on treatment compliance [60]. These new data call for 
better integration of AF screening and early rhythm control in 
clinical care [87].

AF has a great effect on various physiological pathways, 
and thus a huge number of biomarkers can be assessed, which 
likely provide the clinician with important diagnostic and 
prognostic values. Natriuretic peptide (NP), oxidative stress, 
fibrosis, inflammation, coagulation, physiological pathways of 
microRNA (miRNA), myocardial stretch, and injury are the 
currently used biomarkers that offer the potential for guiding 
therapy [60]. Furthermore, most recent studies have reported 
myeloperoxidase and hydrochlorous acid level were higher in 
NOAF compared to non-NOAF group in sepsis patients, which 
indicates that the combination of these two markers may be an 
effective tool to predict the risk of developing NOAF in sepsis 
[88]. In addition, Beyls et al have analyzed both left and right 
atrium reservoir phase by using transthoracic echocardiogram. 
They have reported that bi-atrium dysfunction can predict the 
development of NOAF in sepsis [89]. Hence, variable markers 
can be utilized for screening and detection of NOAF. The use 
of economical, easily accessible markers may accelerate the 
process of accurate diagnosis, which makes the treatment of 
AF more effective [3].

Advancement in monitoring tools of AF in sepsis

Detecting NOAF in ICU patients with sepsis is crucial, as early 
identification can prompt timely interventions to mitigate risks 
like stroke and worsening cardiac function. However, this de-
tection is challenging because sepsis often leads to fluctuat-
ing HRs and irregular rhythms, which can mask AF episodes. 
Additionally, ICU environments are prone to noise artifacts in 
ECG data, caused by patient movement, monitoring equipment, 
and frequent medical procedures, which complicate accurate 
AF detection. This pain point has paved the way for innova-
tive and advanced detection technologies to be developed. A 
novel two-step algorithm using HR variability, Poincare plots, 
and P-wave characteristics was developed and tested on 198 
sepsis patients (4,209 h of ECG data), achieving 100% sensi-
tivity, 98% specificity, and 98.99% overall accuracy, outper-
forming existing methods by minimizing false positives due 
to premature atrial contractions (PACs)/premature ventricular 
contractions (PVCs) [90]. When comparing with traditional 
methods, another automated AF detection algorithm for ICU 
patients with sepsis showed superior performance over tradi-

tional methods (International Classification of Diseases, Ninth 
Revision (ICD-9) coding and nurse charting) with a sensitivity 
of 92% (95% confidence interval (CI): 74-99%), specificity of 
96% (95% CI: 80-100%), and overall accuracy of 94% (95% 
CI: 83-99%), achieving a median detection time 30 min faster 
than manual detection [91].

An artificial intelligence (AI)-based ICU monitoring sys-
tem for sepsis detection demonstrated high accuracy, with the 
support vector classifier (SVC) achieving area under the re-
ceiver operating characteristic curve (AUROC) of 0.92 and 
area under the precision-recall curve (AUPRC) 0.90, strong 
recall 0.86, precision 0.80, and specificity 0.80, while logistic 
regression reached AUROC of 0.91 and precision 0.92; key 
predictive features included pulse arrival time (PAT), heart rate 
variability (HRV), and respiratory parameters, with significant 
metrics like NN50 and pNN50 showing strong associations 
with sepsis risk, and linear models outperformed tree-based 
methods like XGB in leveraging waveform-derived features 
[61]. Shifting from real-time detection to predictive analytics, a 
machine learning-based AF prediction algorithm for ICU sep-
sis patients, utilizing ECG-derived HRV features and achiev-
ing 80% sensitivity, 100% specificity, and 90% accuracy, with 
the ability to predict AF up to 10 min before onset [91]. This 
extends beyond detection to proactively predict AF episodes, 
which offers ICU teams the opportunity for pre-emptive inter-
vention. Ultimately, these technological advancements allow 
timely and reliable tools to improve patient outcomes, mark-
ing a shift from reactive to proactive AF management in sepsis 
patients.

Special considerations in specific populations

For NOAF in sepsis patients, gender also plays a role. A study 
has been stated that male gender was associated with an in-
creased incidence of AF during sepsis [5, 13, 17, 23, 25]. This 
gender disparity was magnified by a large-scale retrospective 
cohort study using the National Inpatient Sample databas-
es (2010 - 2014), which also reported sepsis-AF cohort had 
a higher percentage of male patients (51.1% vs. 47.5%; P < 
0.001) compared to those without AF [17]. However, despite 
the higher prevalence in males, female gender was identified 
as one of the greatest predictors of mortality within the sep-
sis-AF cohort [17]. This suggests that while males are more 
likely to develop AF during sepsis, females with AF may have 
a higher risk of adverse outcomes and mortality, highlighting 
a significant gender disparity in the prognosis of sepsis-related 
AF. This gender-specific risk might be due to differences in 
comorbidities, response to treatment, or physiological differ-
ences between males and females.

Regarding the last factor, hormonal differences, such as 
the influence of estrogen, can also affect cardiovascular func-
tion and immune response. Estrogen has a protective effect 
against AF by modulating ion channel activities and reducing 
fibrosis, particularly through the transforming growth factor 
(TGF)b/Smad3 pathway; conversely, testosterone’s pro-ar-
rhythmic properties, mediated by enhanced adrenergic activ-
ity, align with the higher male prevalence [92]. Furthermore, 
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estrogen also increases L-type calcium channel expression and 
activity in cardiomyocytes, prolonging action potential dura-
tion in atrial cells, which exerts an anti-arrhythmic effect by 
reducing re-entrant circuits, thereby contributing to the lower 
incidence of AF in women compared to men [92]. Moreover, 
the same estrogenic effects on calcium handling that lower AF 
incidence can lead to worse symptoms and higher risks of ad-
verse events once AF occurs, as increased intracellular calcium 
from enhanced L-type calcium channel activity promotes atrial 
remodeling, including fibrosis and enlargement, exacerbating 
AF symptoms and increasing susceptibility to stroke and heart 
failure [17]. Structural differences were noted, with women 
showing more significant fibrotic remodeling in persistent 
AF [92]. Lastly, females may have a different inflammatory 
response to sepsis, which can influence the severity and out-
comes of the condition. Additionally, differences in cardiac 
structure and function between genders can affect how AF im-
pacts heart health. However, it is still unclear that how much 
of sex differences are caused by sex hormones and whether the 
lack of estrogen during postmenopausal is the primary cause of 
changes in comorbidities conditions which indirectly increase 
the risk of developing AF [92].

NOAF in sepsis is also notably prevalent among the el-
derly, with its incidence increasing with age [10, 13-26]. Man-
agement of AF in elderly patients is complex due to multiple 
comorbidities like hypertension, diabetes, CAD, heart failure, 
valvular diseases, atrial septal defects, conditions elevating 
right ventricular afterload (e.g., pulmonary emboli, COPD, 
sleep apnea), increased body mass index (BMI), thyroid dis-
ease, metabolic syndrome, CKD, surgical or infection-related 
stress, and atrial inflammation [13, 93]. These comorbidities 
are often correlated with sepsis as they can weaken the im-
mune system, making patients more susceptible to severe 
infections and systemic inflammatory responses, thereby in-
creasing the risk of sepsis or septic shock [93]. Consequently, 
these conditions often necessitate polypharmacy (defined as 
having five or more active prescriptions), which can lead to 
significant issues like medication non-adherence, as well as 
bleeding risks and heparin-induced thrombocytopenia, partic-
ularly in elderly patients with a CHADS2 score at 2 or more in 
the setting of sepsis, who are on anticoagulation therapy [94, 
95]. Therefore, considering the high prevalence and complex-
ity of AF in elderly patients, various management approached 
may be considered.

Health economic and quality of life aspects

The management of NOAF in sepsis patients presents signifi-
cant economic challenges due to the need for intensive moni-
toring and treatment. Fernando et al had demonstrated through 
their retrospective analysis that new-onset AF in ICU patients 
led to a 9% cost increase and longer stays, with rhythm control 
strategies driving costs even higher (24% increase) [16]. Com-
plementing this, Lin et al revealed a striking rise in the national 
trends in AF prevalence among long-term ventilated patients, 
from 14.63% in 2008 to 24.43% in 2014 [96]. This upward 
trajectory in AF prevalence was accompanied by a 4% increase 

in hospitalization costs and a 2% extension in length of stay 
(LOS) [96]. However, the narrative takes an unexpected turn. 
Despite the rising tide of AF cases, this study observed annual 
decreases in both LOS (-1%) and hospitalization costs (-4%) 
[96]. Such a counterintuitive trend suggests a sophisticated dy-
namic between disease prevalence and management strategies, 
which invites us to consider the possibility of significant ad-
vancements in AF management practices, capable of mitigat-
ing the economic and logistical challenges posed by increas-
ing prevalence. The temporal dimension of AF management 
emerges as a critical factor in the study of Azahar et al [97]. 
Their findings, derived from a Malaysian medical center, illus-
trate the profound impact of early intervention, with a striking 
median cost reduction of Malaysian Ringgit (MYR) 2,839.73 
(approximately $680) per AF-related stroke case, which high-
lights the axiom that timely action not only saves lives but also 
conserves valuable healthcare resources [97]. As we navigate 
this multifaceted landscape, the imperative for healthcare 
providers becomes clear: to craft management protocols that 
deftly balance the immediacy of cost considerations with the 
longevity of patient outcomes. The judicious implementation 
of early interventions, coupled with a discerning approach to 
anticoagulant selection, holds the potential to optimize both 
clinical efficacy and economic sustainability.

Patients with sepsis who develop AF face significantly 
worse outcomes, with statistically significant increased risks 
of mortality for sepsis patients with AF [3, 13, 14, 16, 17, 19, 
21-23, 25, 26, 29, 31, 98]. Steinberg et al conducted a study, 
which suggested that higher AF symptom scores are associ-
ated with worse physical function, poorer general health per-
ceptions, and higher levels of depression [99]. This reinforces 
the notion that AF profoundly impacts patients’ overall quality 
of life and mental health, not just their cardiovascular health. 
These findings support the need for comprehensive care ap-
proaches that address both the physical and psychological as-
pects of AF, especially in high-risk populations like those with 
sepsis. It also stresses the importance of incorporating patient-
reported outcomes (PROs) into clinical practice and decisions 
management to better understand and manage the multifaceted 
impacts of AF on patients. To illustrate, a study reported that 
patients with NOAF who understood their oral anticoagulation 
and rhythm control options had higher odds of participating in 
shared decision-making (OR: 2.54, CI: 1.75 - 3.68; and OR: 
2.36, CI: 1.50 - 3.71, respectively), which highlights the im-
portance of patient education in improving engagement and 
potentially outcomes [100]. In essence, the evidence strongly 
suggests that managing AF effectively requires a holistic ap-
proach that includes both medical treatment and patient edu-
cation to enhance shared decision-making and overall patient 
well-being, beginning with an emphasis on PROs to ensure a 
thorough understanding of the patient’s physical, mental, and 
emotional well-being.

Current gaps in knowledge and future research directions

There were limitations in this study that are vital to mention. 
Firstly, there were several papers relevant to the topic that we 
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could not gain access to via the known databases. Secondly, 
other papers that could have had elevated significance in our 
research were written in languages other than English and were 
therefore automatically excluded from the review. Moreover, 
some papers were not included in the study as they were pre-
prints under review by their publishing journals. The treatment 
approach for patients with AF was not standardized in all stud-
ies, potentially introducing unidentified bias. Furthermore, there 
might have been missed AF episodes that were not documented, 
particularly short-term, self-resolving episodes [14]. Another 
limitation that should be addressed is the likely overrepresen-
tation of high-income groups compared to middle-income and 
low-income groups [101]. Several papers were retrospective 
observational studies, which results in a higher risk of sampling 
errors and selection bias [102]. To gain a more comprehensive 
understanding of the long-term impact of AF, additional factors 
such as quality of life and extended patient follow-up should be 
taken into consideration. A study that developed and validated 
a machine learning model capable of approximately anticipat-
ing the 28-day mortality risk in septic patients with AF has the 
potential to enhance clinical practice [15].

Conclusions

Sepsis-related NOAF is a serious condition linked to higher 
death rates, thromboembolic events, and extended hospital 
stays. Because of heart remodeling, autonomic dysfunction, 
and systemic inflammation, it implicates major diagnostic and 
treatment challenges. Advanced age, male sex, cardiovascular 
comorbidities, and higher SOFA scores are major risk factors 
of NOAF in sepsis. The management of NOAF in sepsis car-
ries significant financial issues since it results in higher ex-
penses and longer hospital stays. Despite this, improvements 
in management techniques and early intervention offer prom-
ise for reducing these difficulties. Patient outcomes are mark-
edly worsened by NOAF, impacting both physical and mental 
well-being. Holistic care requires the integration of PROs into 
therapeutic practice. Although safety issues still exist, manage-
ment techniques include rate and rhythm regulation with beta-
blockers, calcium channel blockers, amiodarone, and magne-
sium. Besides its benefits, anticoagulation medication must be 
carefully considered because of the danger of bleeding. Due to 
advance technology these days, wearable technology and AI-
powered systems can be used for monitoring that enable early 
detection and integrated care, potentially lowering hospitaliza-
tion and mortality rates. Treatments may be altered in different 
populations. Tailored treatment techniques are necessary for 
older patients and people of different genders; non-vitamin K 
antagonist oral anticoagulants (NOACs) are more beneficial 
than warfarin. To fill in the current knowledge gaps, future 
research should concentrate on machine learning models for 
risk prediction, long-term follow-up, and comprehensive mon-
itoring systems. A thorough, multidisciplinary strategy that 
achieves a balance between patient-centered care and financial 
concerns is needed to manage NOAF in sepsis. Early interven-
tion and individualized approaches are prioritized to enhance 
outcomes and quality of life.
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