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Abstract

Transcatheter Aortic Valve Implantation (TAVI) is an established treatment option for patients with aortic stenosis who are considered high-
risk for surgical valve replacement. New-onset atrial fibrillation (NOAF) is a serious adverse event post TAVI that is predictive of poor outcomes 
and whose pathophysiology remains unclear. The incidence of NOAF post-TAVI has a reportedly broad range depending on the study but has been 
correlated to procedure approach, choice of valve, and the use of general anesthesia. While surgical aortic valve replacement (SAVR) has traditionally 
been the preferred treatment for aortic stenosis, recent studies have demonstrated the benefits of expanding TAVI into a larger patient population. 
Additionally, the management of NOAF post-TAVI remains highly variable. This review paper aims to summarize the incidence of NOAF and to outline 
management strategies.

The risk factors for NOAF post-TAVI is an ongoing area of research with many questions remaining to be answered. With the expansion of 
TAVI into lower-risk patient populations, it is imperative that risk factors for NOAF be determined in order to decrease the likelihood of stroke and 
mortality after the procedure. Data is still limited on standardized treatment for NOAF, but multiple international drug trials are aiming to discern 
the optimal anti-platelet and anti-coagulation treatment to improve post-procedure outcomes.
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Introduction
Transcatheter aortic valve implantation (TAVI) is a relatively 

new procedure for aortic stenosis that has been traditionally 
reserved for higher risk patients with the alternative being surgical 
valve replacement [1]. Prior to the first FDA approval of TAVI in 
2011, the alternative to surgical valve replacement was palliative 
care via balloon valvuloplasty and diuretics [2]. Since its approval for 
high-risk patients, the long-term outcomes for patients undergoing 
TAVI have continued to improve [3]. While TAVI is becoming a more 
popular treatment option, the 5-year mortality can be as high as 
59.1% with predictors including atrial fibrillation (AF) and access  

 
route for TAVI [4]. AF is common in high-risk patients with severe 
aortic stenosis and is associated with an increased risk of bleeding 
complications and all-cause mortality [5-7]. 

The pathophysiology of AF remains unclear. Recent studies 
have attempted to elucidate the underlying cause and findings 
suggest a mechanistic link between inflammatory processes and 
the development of AF. Factors such as C-reactive protein and 
specific gene mutations have been seen in the presence of AF 
and as a predictor of developing future AF [8]. This inflammatory 
response may be a possible explanation for the increased incidence 
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of AF in surgical aortic valve replacement (SAVR) and non-femoral 
TAVI patients [9]. Findings from the SOURCE XT Trial suggest that 
the presence of either pre-existing or new-onset atrial fibrillation 
(NOAF) increased all-cause and cardiac mortality [10]. Studies 
report a wide range of incidence rates of NOAF and this variability 
is partly due to a lack of a consistent definition. However, the 
majority of studies define NOAF as someone with no history of 
atrial fibrillation prior to the procedure and who had an episode 
lasting greater than 30 seconds post-TAVI [1,11]. The incidence 
of NOAF post-TAVI ranges from 6.0 % to 50.7% with an increased 
incidence in patients with larger left atrium size and those 
undergoing transapical TAVI [11-14]. Patients with NOAF post-TAVI 
have shown an increased risk of cardiovascular events and stroke, 
however studies are divided on whether or not NOAF leads to a 
higher rate of all-cause mortality [7,10-17]. We aim to summarize 
the incidence and risk factors of NOAF post-TAVI and outline the 
different available management strategies.

Incidence of NOAF Post-TAVI vs. Surgical Aortic 
Valve Replacement

When TAVI was approved as a treatment for aortic stenosis 
it was intended as a treatment option for high-risk patients for 
whom surgical aortic valve replacement (SAVR) was not an option. 
However, recent studies have consistently shown that in terms of 
NOAF, TAVI has better outcomes compared to SAVR [1,18]. Motloch 
et al. [1] conducted one of the first studies comparing patient 
outcomes after undergoing TAVI or SAVR. In a sample of 170 
patients, they found that there was a lower incidence of NOAF in 
the TAVI group compared to the SAVR group (3.5% vs. 30.7%) and 
that NOAF only occurred in the TAVI group when the transapical 
approach was used. However, one caveat of the study is that they 
defined NOAF as an episode occurring post TAVI that lasted at least 
10 minutes. Since this duration is longer than the more common cut 
off of 30 seconds, it is possible that the incidence in the TAVI group 
was underestimated [1]. Tanawuttiwat et al. [19] replicated these 
results in a population of 231 patients, 149 of which underwent 
TAVI. The total incidence of NOAF in the TAVI group was 20.8% 
compared to an incidence of 60% in the SAVR group. When divided 
into subgroups, they demonstrated a significant difference between 
the incidence of NOAF in the SAVR group and transfemoral TAVI 
group, but a similar incidence of NOAF between the SAVR group and 
the transapical TAVI group [19]. In a more recent study, Kalra et al. 
conducted an analysis of 171,480 hospitalizations for TAVI or SAVR. 
They found that the incidence of NOAF was comparable between 
TAVI patients and patients undergoing SAVR and that NOAF in both 
cases had higher odds of in-hospital mortality compared with those 
without NOAF [20].

While initially thought of as a treatment option only for high-risk 
patients, TAVI has slowly been shown to be an effective treatment 
option for intermediate risk patients. Sondergaard et al. [21] 

conducted an analysis of 280 patients in the NORDIC trial that were 
randomized to either the TAVI or SAVR group. This study was the 
first to document that there was no significant difference between 
the TAVI and SAVR groups of all-cause mortality in patients with a 
lower surgical risk [21]. The PARTNER 2 Trial also demonstrated 
the non-inferiority of TAVI compared to SAVR in intermediate-risk 
patients. The incidence of NOAF specifically was lower in the TAVI 
group compared to SAVR [22]. Sardar et al. [23] conducted a meta-
analysis of intermediate-risk aortic stenosis patients which showed 
that TAVI had a lower rate of NOAF compared to SAVR as well as 
lower rates of kidney injury and major bleeding, demonstrating 
safety and efficacy in intermediate-risk patients [23]. These 
findings encourage the expansion of TAVI as the preferred 
treatment option in lower-risk aortic stenosis patients. Among 
patients with severe aortic stenosis who were at lower surgical 
risk, the rate of mortality, stroke, and rehospitalization at 1 year 
was significantly lower with TAVI than with surgery [24]. Recent 
studies suggest that transfemoral TAVI with newer generation heart 
valves and delivery systems might even be superior to traditional 
surgical valve replacement in high and intermediate-risk patients 
in regards to all-cause mortality and stroke, making TAVI the first 
line therapy for severe aortic stenosis irrespective of surgical risk 
[25]. Indeed, there have been reports of a dramatic decrease in 
1-year mortality and adverse events in recent years in patients 
undergoing SAVR for severe aortic stenosis that is attributed to the 
selection of increasingly lower-risk patients for surgery now that 
TAVI is presented as an alternative treatment option [26]. As TAVI 
methodology continues to improve, it is emerging as the superior 
medical therapy in terms of mortality for extreme-risk aortic 
stenosis patients, non-inferior or superior to surgery in high-risk 
patients, and non-inferior to surgery in intermediate risk patients. 
However, while transfemoral TAVI has been shown to have a lower 
incidence of NOAF compared to SAVR, there are some limitations 
that affect outcomes post-TAVI [27,28].

Risk factors of NOAF Post-TAVI
Since TAVI has traditionally been the treatment of choice in 

higher risk populations, it is difficult to elucidate the risk factors 
unique to NOAF when many patients have co-morbidities. However, 
a pattern exists in the literature showing the protective nature of 
transfemoral TAVI compared to the transapical approach [1]. 
Transfemoral access was shown to result in a lower rate of all-cause 
mortality and stroke even compared to surgery [14,22]. Specifically, 
the transapical approach is an independent predictor of NOAF 
post TAVI [19,20, 29,30]. When separating apart the different 
TAVI approaches, Tanawuttiwat et al. [19] found that NOAF was 
least common when using the transfemoral approach and most 
common when using the transapical approach [19]. Additionally, of 
the TAVI approaches, only the transapical approach had a higher 
incidence of major and life-threatening bleeding [13]. It has been 
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proposed that transapical patients who were most at risk of cardiac 
complications included those who remained intubated and under 
intravenous inotropic support during the postprocedural phase, 
patients who receive preprocedural oral inotropes, or patients with 
pacemaker rhythm at baseline [31]. However, it should be noted 
that the transapical route for TAVI is mostly used in patients in 
whom access to the femoral artery is limited [30]. Therefore, it is 
difficult to determine if these patients who go through transapical 
TAVI are inherently more pre-disposed to developing NOAF or if it 
is an element of the procedure itself that is an instigating factor. 
It has been observed that there is a lesser degree of inflammation 
in the transfemoral procedure compared to the transapical which 
would provide a potential explanation for the discrepancy in the 
incidence of NOAF [32]. 

Apart from access route, studies have demonstrated several 
other factors associated with NOAF post-TAVI. While it does not 
seem that gender or co-morbid diabetes mellitus affects the 
incidence of NOAF post-TAVI, there is a positive correlation with 
prosthetic valve size, general anesthesia and age [20,30,33-35]. 
There was also a statistically significant association with NOAF 
and a history of chronic pulmonary disease at baseline [20, 36,37]. 
Additionally, several authors noted a difference in the incidence 
of NOAF between using the balloon-expandable Edwards SAPIEN 
valve and the self-expandable Medtronic CoreValve. The Edwards 
SAPIEN valve was associated with NOAF in 31.9% of patients [11] 
while another study observed a lower incidence of 7.7% with the 
Medtronic CoreValve [38]. The significance of this observation 
cannot be determined as these results were published in two 
different studies with numerous confounding factors, however it is 
a trend repeated several times in the literature. When both valves 
were used in the same study, there was a higher incidence of NOAF 
when using the Edwards SAPIEN valve compared to the Edwards 
SAPIEN XT or the CoreValve [35]. Additionally, balloon post-dilation 
was shown to be an independent risk factor for NOAF, which is 
a quality unique to the Edwards SAPIEN valves as the Medtronic 
CoreValves are self-expandable. Balloon expandable valves had an 
incidence of NOAF of 69.7% compared to an incidence of 30.3% 
when using a self-expandable valve [39]. However, a meta-analysis 
conducted by Sannino et al. [14] demonstrated that there were no 
significant differences between the SAPIEN valve and CoreValve in 
terms of the incidence of NOAF [14]. Although a major drawback 
of this study is that it only looked at five different studies with a 
total of 4,604 patients. Ideally, a clinical trial unaffiliated with either 
company should be conducted that directly compares these two 
valves in the setting of NOAF post TAVI.

Management
Patients who undergo TAVI are typically older and at higher 

surgical risk and accordingly, have more co-morbidities to consider 

when developing management strategies. Limited data are 
available regarding the optimal treatment plan for these patients 
who also need therapy for NOAF [40,41]. The different strategies 
consist of either single antiplatelet therapy (SAPT) or double 
antiplatelet therapy (DAPT), or oral anticoagulation therapy (OAC) 
[42]. When there is no known indication for oral anticoagulation, 
such as pre-existing atrial fibrillation, SAPT is preferred to DAPT 
to minimize bleeding risk [42,43]. However, other studies have 
contradicted this recommendation by showing that patients with 
NOAF discharged with SAPT showed a higher rate of mortality 
and that this population specifically would benefit from a more 
aggressive antithrombotic therapy [39]. There is no clear optimal 
antithrombotic therapy for TAVI patients with baseline or new AF 
but triple therapy with OAC and DAPT is to be avoided [44,45]. 
In the context of bioprosthetic valve thrombosis, OAC has shown 
to be more effective compared to DAPT [44]. AF is considered an 
indication for OAC, which is believed to be more effective than 
DAPT or SAPT in terms of stroke prevention [42]. OAC therapy 
has been shown to be safe in both patients with baseline AF and 
those who develop NOAF post-TAVI, in that OAC did not result in 
excess risk of bleeding or stroke compared to DAPT. Additionally, 
DAPT in these patients were shown to increase mortality [46]. 
Conversely, patients who developed NOAF post TAVI and who were 
not prescribed anticoagulation therapy were at the highest risk of 
adverse effects [45].

While OAC therapy typically consists of a Vitamin K Antagonist 
(VKA) such as warfarin, studies have started to investigate the 
efficacy of novel direct oral anticoagulants (DOAC) in the treatment 
of AF post TAVI. While treatment with continuous VKA did not 
show any increase in safety, treatment with DOAC was associated 
with a significantly reduced rate of 1-year mortality [47]. One 
example of a DOAC is rivaroxaban, a direct factor Xa inhibitor and 
the most commonly used non VKA anticoagulant. In the ROCKET-
AF Trial, rivaroxaban was shown to be non-inferior to warfarin 
in terms of stroke prevention and had superior rates of drug 
adherence compared to warfarin [48]. With this data in mind, 
the GALILEO Trial was started to compare a rivaroxaban-based 
antithrombotic strategy to an antiplatelet-based strategy after TAVI 
[49]. Windecker et al. [50] described the trial design of the GALILEO 
trial where patients were randomized with the trial group taking 
10mg rivaroxaban once daily with ASA for 90 days followed by only 
rivaroxaban thereafter [50]. Unfortunately, this Phase III trial was 
terminated in 2018 because the trial arm had higher rates of death 
and adverse events compared to the traditional anti-platelet group 
in preliminary data. 

Alternatively, researchers have been investigating apixaban as 
another DOAC to be used instead of warfarin. In the ARISTOTLE 
Trial, apixaban was shown to be superior to warfarin in patients 
with AF in preventing stroke and in reducing bleeding events [51]. 
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Seeger et al. [51] demonstrated that patients with AF taking VKA 
presented with higher rates of acute kidney stages II and III and 
there was a lower stroke rate with apixaban compared to VKA 
after 30 days [51]. These findings led to the ongoing randomized 
ATLANTIS Trial looking at the superiority of apixaban compared to 
traditional VKA therapy in patients following TAVI [52]. While this 
study is anticipated to end in 2020, patients with NOAF were not 
included in the experimental arm of the trial due to safety reasons.

Conclusion

The risk factors for NOAF post-TAVI is an ongoing area of 
research with many questions remaining to be answered. With 
the expansion of TAVI into lower-risk patient populations, it is 
imperative that risk factors for NOAF be determined in order to 
decrease the likelihood of stroke and mortality after the procedure. 
Of these risk factors, studies should investigate the mechanism 
that results in the transapical approach significantly increasing the 
risk of NOAF. Additionally, there is a correlation between balloon-
expandable valves and greater rates of NOAF, but studies directly 
comparing these two valves have not yet been conducted. It may 
be hard to obtain unbiased data in this regard as these companies 
provide much of the funding for these post-TAVI studies. TAVI 
has shown to be non-inferior to SAVR and in terms of incidence 
of NOAF, has been shown in multiple studies to be superior. This 
observation combined with the continuous improvement of valves 
and methodology indicate that TAVI will likely become the first-
line option for the treatment of severe aortic stenosis. Data is still 
limited on standardized treatment for NOAF, but there are ongoing 
drug trials that are aiming to discern the optimal anti-platelet and 
anti-coagulation treatment to improve post-procedure outcomes. 
As the pathophysiology of NOAF post TAVI remains unclear, it 
would be beneficial for future randomized clinical trials to look at 
this population of patients specifically as the standard of care may 
have different outcomes on stroke and mortality.
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