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The prognostic impact of preexisting atrial fibrillation or flutter (AF) in low-risk patients
with severe aortic stenosis treated with transcatheter (TAVR) or surgical aortic valve
replacement (SAVR) remains unknown. In this sub-analysis of the PARTNER 3 trial of
patients with severe aortic stenosis at low surgical risk randomized 1:1 to TAVR versus
SAVR, clinical outcomes were analyzed at 2 years according to AF status. Among 948
patients included in the analysis (452 [47.7%] in the SAVR vs 496 [52.3%] in the TAVR
arm), 168 (17.6%) patients had AF [88/452 (19.5%) and 80/496 (16.1%) treated with
SAVR and TAVR, respectively]. At 2 years, patients with AF had higher unadjusted rates
of the composite outcome of death, stroke or rehospitalization (21.2% vs 12.9%, p = 0.007)
and rehospitalization alone (15.3% vs 9.4%, p = 0.03) but not all cause death (3.8% vs
2.6%, p = 0.45) or stroke (4.8% vs 2.6%, p = 0.12). In adjusted analyses, patients with AF
had a higher risk for the composite outcome of death, stroke or rehospitalization (hazard
ratio [HR] 1.80, 95% confidence interval [CI] 1.20−2.71, p = 0.0046) and rehospitalization
alone (HR 1.8, 95% CI 0.12−2.9, p = 0.015), but not death or stroke. There was no interac-
tion between treatment modality and AF on the composite outcome (Pinter = 0.83).
In conclusion, preexisting AF in patients with severe AS at low surgical risk was associated
with increased risk of the composite outcome of death, stroke or rehospitalization at
2 years, irrespective of treatment modality. © 2021 Elsevier Inc. All rights reserved.
(Am J Cardiol 2021;148:116−123)
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Atrial fibrillation or flutter (AF) is the most common
comorbid arrhythmia among patients with severe aortic ste-
nosis, observed in up to 40% of patients.1−6 In patients with
AS at high surgical risk or deemed inoperable undergoing
transcatheter aortic valve replacement (TAVR) as well as
those undergoing surgical aortic valve replacement
(SAVR) preexisting AF has been associated with an
increased risk of mortality and rehospitalization.5,7,8 Never-
theless, whether AF is a prognostic factor in low-risk
patients undergoing TAVR or SAVR for severe AS remains
unknown. In the present analysis of the Placement of Aortic
Transcatheter Valves (PARTNER) 3 trial, we sought to
determine the prognostic implications of preexisting AF in
patients with severe AS at low surgical risk who underwent
TAVR or SAVR.
Methods

The design of the PARTNER 3 trial has been reported
previously.4 In brief, the PARTNER 3 trial was a multicen-
ter, randomized trial in which TAVR with transfemoral
placement of a third-generation balloon-expandable valve
was compared with standard surgical aortic-valve replace-
ment in patients with severe AS and a low risk of death
with surgery. Patients were eligible for inclusion if they had
severe calcific AS and were considered to be at low surgical
risk according to the results of clinical and anatomical
assessment, including a Society of Thoracic Surgeons Pre-
dicted Risk of Mortality score of <4% and agreement by
the site heart team and the trial case review committee.
Details regarding inclusion and exclusion criteria have pre-
viously been reported.4 Eligible patients were randomly

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2021.02.040&domain=pdf
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assigned, in a 1:1 ratio, to undergo either TAVR with the
SAPIEN 3 system or surgical aortic-valve replacement with a
commercially available bioprosthetic valve. The investigation
was approved by the institutional review board or ethics com-
mittee at each participating center, and all patients signed
written informed consent. Major endpoints were adjudicated
by an independent clinical events committee (Cardiovascular
Research Foundation, New York, New York). The primary
end point was a composite of death from any cause, stroke,
or rehospitalization at one year after the procedure. History
of AF was assessed and determined by the enrolling sites.
Patients were excluded from the current analysis if they had
missing information on history of AF. For the purpose of the
present study, the primary endpoint was defined a priori as
the composite outcome of death from any cause, stroke or
rehospitalization at 2 years. Secondary endpoints included
the individual endpoints of rehospitalization due to proce-
dure/device related adverse events or heart failure, as well as
all-cause death, cardiovascular death, stroke and major bleed-
ing including major bleeding and life-threatening bleeding
per the VARC-2 definition. Median follow-up for clinical
outcomes was 757 days and 95% of patients had complete
two year data available for analysis.

All analyses were performed in the as-treated popula-
tion. Continuous variables are reported as mean § standard
Table 1

Baseline characteristics of patients with versus without history of atrial fibrillation

Variable AF (n = 168

Age (years) 74.0 § 5.8

Men 134/168 (79.8

Nonwhite race or ethnic group 7/168 (4.2%

Body mass index (kg/m2) 31.4 § 5.7

STS score 2.0 § 0.6

EuroSCORE II 1.4 § 0.7

NYHA class III or IV 53/168 (31.5%

CHA2DS2-VASc score 3.7 § 1.3

Coronary artery disease 49/167 (29.3%

Previous myocardial infarction 14/168 (8.3%

Previous stroke or cerebrovascular accident 9/168 (5.4%

Carotid disease 19/160 (11.9%

Peripheral vascular disease 11/167 (6.6%

Chronic obstructive pulmonary disease 9/168 (5.4%

Creatinine >2 mg/dL 0/168 (0.0%

Diabetes mellitus 56/168 (33.3%

Permanent pacemaker 9/168 (5.4%

Left bundle-branch block 7/168 (4.2%

Right bundle-branch block 18/168 (10.7%

Pulmonary hypertension 12/168 (7.1%

Hyperlipidemia 134/167 (80.2

Hypertension 146/166 (88.0

Congestive heart failure 71/168 (42.3%

Pulmonary disease 12/168 (7.1%

PCI or CABG 32/166 (19.3%

Anemia 12/168 (7.1%

Renal disease 17/168 (10.1%

History of alcohol abuse 15/168 (8.9%

History of cancer 29/167 (17.4%

Cirrhosis 0/168 (0.0%

Thrombocytopenia 2/168 (1.2%

Coagulopathy 2/168 (1.2%

Values are mean § standard deviation or n/N (%). AF = atrial fibrillation or fl

Association; PCI = percutaneous coronary intervention; STS = Society of Thoracic
deviation and were compared using the Student t test. Cate-
gorical variables are expressed as counts and percentages
and were compared with the Fisher’s exact test, as appropri-
ate. Rates of clinical outcomes were estimated using the
Kaplan-Meier method and compared using the log-rank
test. The adjusted associations between AF and adverse
clinical outcomes were determined in Cox proportional haz-
ards models including the following predefined clinically
pertinent variables: Age, male sex, diabetes, smoking, ane-
mia, left ventricular ejection fraction, chronic obstructive
pulmonary disease, body mass index, previous percutane-
ous coronary intervention and treatment modality. Alternate
Cox proportional hazards models including, in addition to
the above noted covariates, anticoagulant therapy and con-
comitant MAZE procedure or left atrial appendage closure
were also constructed. A 2-sided p <0.05 was considered
statistically significant for all tests. All statistical analyses
were performed with the use of SAS version 9.4 (SAS Insti-
tute, Cary, North Carolina).
Results

Among 948 patients included in the present analysis, 452
(47.7%) underwent SAVR and 496 (52.3%) underwent
TAVR. History of AF was present in 168 patients (17.6%)
or flutter

) No AF (n = 780) p Value

73.3 § 6.0 0.14

%) 522/780 (66.9%) 0.0009

) 76/780 (9.7%) 0.02

30.3 § 5.3 0.02

1.9 § 0.7 0.11

1.5 § 1.1 0.14

) 210/780 (26.9%) 0.25

3.5 § 1.3 0.13

) 214/779 (27.5%) 0.63

) 40/778 (5.1%) 0.14

) 31/779 (4.0%) 0.40

) 91/761 (12.0%) 1.00

) 56/778 (7.2%) 0.87

) 44/779 (5.6%) 1.00

) 2/780 (0.3%) 1.00

) 235/779 (30.2%) 0.46

) 16/780 (2.1%) 0.03

) 23/779 (3.0%) 0.46

) 95/779 (12.2%) 0.69

) 35/779 (4.5%) 0.17

%) 631/780 (80.9%) 0.83

%) 662/779 (85.0%) 0.40

) 269/779 (34.5%) 0.06

) 42/779 (5.4%) 0.36

) 143/778 (18.4%) 0.83

) 61/780 (7.8%) 0.87

) 80/780 (10.3%) 1.00

) 61/780 (7.8%) 0.64

) 179/777 (23.0%) 0.12

) 0/779 (0.0%) —
) 9/779 (1.2%) 1.00

) 2/780 (0.3%) 0.15

utter; CABG = coronary artery bypass surgery; NYHA =New York Heart

Surgeons.
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(88 [19.5%] treated with SAVR and 80 [16.1%] treated
with TAVR). Compared to patients without AF, patients
with AF were more frequently male and Caucasian, and
were more likely to have a history of pacemaker implant
and higher body-mass index (Table 1). At discharge, 81.0%
of patients with AF were on anticoagulant medication com-
pared to 22.9% of patients without AF (Supplemental Table
1). Baseline characteristics of patients with versus without
AF in the TAVR and SAVR arms were overall well bal-
anced (Supplemental Table 2). Compared to patients with-
out AF, patients with history of AF had lower baseline left
ventricular ejection fraction , a higher prevalence of mitral
and tricuspid regurgitation and larger systolic annular
perimeter and systolic annular area (Table 2). Procedural
Table 2

Baseline echocardiographic and computed tomography characteristics of patients

Variable AF (n = 1

Echocardiographic

Aortic valve area (cm2) 0.8 § 0

Aortic valve mean gradient (mm Hg) 47.7 § 1

Left ventricular ejection fraction (%) 64.1 §
Left atrial volume (mL) 90.2 § 3

Peak pulmonary artery systolic pressure (mm Hg) 39.4 § 1

Moderate or severe regurgitation

Aortic 6/165 (3.

Mitral 8/163 (4.

Tricuspid 9/162 (5.

Computed tomography

Systolic annular perimeter (mm) 80.5 §
Systolic annular area, (mm2) 503.0 §

Values are mean § standard deviation (n) or n/N (%). AF = atrial fibrillation or

Table 3

Procedural characteristics of patients with versus without history of atrial fibrillati

Variable AF (n = 168)

Procedure time (min) 145.4 § 96.2

Anesthesia type

General 114/168 (67.9%)

Conscious sedation 52/168 (31.0%)

Anesthesia time, min 239.0 § 115.8

Concomitant procedures 52/168 (31.0%)

Index hospitalization (hours) 99.2 § 6.33

Intensive care unit stay (hours) 46.4 § 3.75

Values are mean § standard deviation or n/N (%). AF = atrial fibrillation or flut

Table 4

Unadjusted clinical outcomes in patients with versus without history of atrial fibri

30 Days

Variable AF (N=168) No AF (N=780)

Death, stroke or rehospitalization 15/168 (8.9%) 50/780 (6.4%)

Death 0 (0.0%) 7/780 (0.9%)

All stroke 5/168 (3.0%) 10/780 (1.3%)

Rehospitalization 11/168 (6.6%) 36/780 (4.7%)

Cardiovascular death 0 (0.0%) 6/780 (0.8%)

All bleeding 35/168 (20.9%) 145/780 (18.6%)

Life-threatening bleeding 11/168 (6.5%) 48/780 (6.2%)

Major bleeding 23/168 (13.7%) 105/780 (13.5%)

Data expressed as n patients with event/N patients in group (Kaplan-Meier estim

val; HR = hazard ratio.
characteristics are shown in Table 3 and Supplemental
Table 3. Patients with AF had longer procedure and anes-
thesia times and more often underwent concomitant proce-
dures compared with patients without AF. Among patients
treated with SAVR, patients with AF had longer total aortic
cross clamp time and more often underwent concomitant
procedures, including MAZE (22/88 [25%]) and left atrial
appendage ligation (31/88 (35.2%) compared with patients
without AF (Supplemental Table 4).

In the overall study population, AF was associated with
increased unadjusted rates of the primary composite out-
come of death, stroke or rehospitalization at 2 years as well
as the individual endpoint of rehospitalization, but not
death, stroke or major bleeding (Figures 1A−D, Table 4).
with versus without history of atrial fibrillation or flutter

68) No AF (n = 780) p Value

.2 0.8 § 0.2 0.61

1.4 49.2 § 12.5 0.13

8.5 66.3 § 8.8 0.004

1.3 68.9 § 20.8 <0.0001
1.6 35.1 § 9.2 0.0002

6%) 24/763 (3.1%) 0.81

9%) 12/749 (1.6%) 0.02

6%) 9/739 (1.2%) 0.002

7.3 77.8 § 6.9 <0.0001
88.9 470.4 § 83.5 <0.0001

flutter.

on or flutter

No AF (n = 780) p Value

126.6 § 88.5 0.02

503/780 (64.5%) 0.48

271/780 (34.7%)

216.2 § 105.1 0.02

102/780 (13.1%) <0.0001
93.0 § 3.31 0.17

47.8 § 2.22 0.90

ter.

llation

2 Years

p Value AF (N=168) No AF (N=780) p Value

0.24 35/168 (21.2%) 100/780 (12.9%) 0.007

0.22 6/168 (3.8%) 20/780 (2.6%) 0.45

0.11 8/168 (4.8%) 20/780 (2.6%) 0.12

0.30 25/168 (15.3%) 72/780 (9.4%) 0.03

0.25 5/168 (3.1%) 15/780 (1.9%) 0.38

0.54 43/168 (25.8%) 182/780 (23.4%) 0.54

0.85 14/168 (8.4%) 57/780 (7.3%) 0.64

0.99 30/168 (18.0%) 124/780 (15.9%) 0.55

ated event rate %). AF = atrial fibrillation or flutter; CI = confidence inter-

www.ajconline.org


Figure 1. Kaplan-Meier time-to-first event analyses according to the presence of atrial fibrillation or flutter(A) Composite outcome of death, stroke, or rehos-

pitalization; (B) death; (C) stroke; (D) rehospitalization. AF = atrial fibrillation or flutter.

Valvular Heart Disease/Atrial Fibrillation and TAVR or SAVR 119
Unadjusted clinical outcomes according to AF and treat-
ment modality are shown in Supplemental Figure 1 (A−D).
Patients with AF were more frequently rehospitalized with
congestive heart failure compared with patients without AF
(18/168 [10.7%] vs 15/780 [1.9%], p = 0.002) (Supplemen-
tal Table 5); hospitalization for heart failure accounted for
40% of readmissions among patients with AF compared
with 16.9% among patients with no AF. Further, 8/168
patients with AF (4.8%) suffered a stroke at 2 years, and all
were on anticoagulant therapy prior to the event.
Table 5

Adjusted clinical outcomes in patients with versus without history of atrial

fibrillation or flutter at 2 years

Variable Adjusted HR (95% CI) p Value

Death or stroke or rehospitalization 1.80 (1.20−2.71) 0.005

Death 1.26 (0.49−3.2) 0.63

All stroke 2.11 (0.86−5.23) 0.10

Rehospitalization 1.8 (1.12−2.9) 0.02

Cardiovascular death 1.42 (0.5−4.02) 0.51

All Bleeding 0.93 (0.64−1.34) 0.69

Life-threatening bleeding 1.06 (0.56−2.02) 0.85

Major bleeding 1.01 (0.65−1.55) 0.97

Adjusted for the following covariates: age, male sex, transcatheter aortic

valve replacement, diabetes, smoking, anemia, left ventricular ejection

fraction, chronic obstructive pulmonary disease, body mass index, percuta-

neous coronary intervention. AF = atrial fibrillation or flutter; CI = confi-

dence interval; HR = hazard ratio.
By multivariable analysis, AF was an independent pre-
dictor of the primary composite endpoint and the individual
endpoint of rehospitalization, but not all-cause death, CV
death, stroke or major bleeding at 2 years (Table 5). In alter-
nate models, including adjustment for anticoagulant ther-
apy, AF remained a significant predictor of the primary
composite endpoint but not rehospitalization (Supplemental
Table 6). Similarly, following adjustment for anticoagulant
therapy and MAZE/LAAO, AF remained a significant pre-
dictor of the primary composite endpoint in the SAVR arm
(Supplemental Table 7). There was no significant interac-
tion between AF and treatment modality on the primary
composite endpoint or the individual endpoints of all-cause
death, CV death, stroke, rehospitalization or major bleeding
(Figure 2A−D; Supplemental Table 8).

Changes from baseline to 1 and 2 years in 6MWTD or
Kansas City Cardiomyopathy Questionnaire were similar in
patients with versus without AF (Supplemental Table 9).
Discussion

In the present analysis of the randomized PARTNER 3
trial of patients with severe AS at low surgical risk undergo-
ing TAVR or SAVR: (1) history of AF was present in
17.6% of patients, (2) patients with AF had a higher risk of
the primary composite endpoint of death, stroke or rehospi-
talization and the individual endpoint of rehospitalization at
2-years, irrespective of treatment modality, (3) AF was not



Figure 2. Adjusted two-year risk for the composite outcome of death, stroke or rehospitalization and the individual endpoints of the composite endpoint

according to treatment group and history of atrial fibrillation or flutter(A) Composite outcome of death, stroke, or rehospitalization; (B) death; (C) stroke; (D)

rehospitalization. In each figure the left panel shows the cumulative Kaplan-Meier estimated event rates in patients with or without history of atrial fibrillation

or flutter who were randomized to transcatheter aortic valve replacement versus surgical aortic valve replacement. AF = atrial fibrillation or flutter;

TAVR = transcatheter aortic valve replacement; SAVR= surgical aortic valve replacement; HR = hazard ratio; CI = confidence interval.
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an independent predictor of stroke or bleeding at 2 years,
and (4) there were no significant differences in change in
exercise and functional capacity from baseline to 2 years in
patients with versus without AF.

To the best of our knowledge, no study to date has
directly assessed the prevalence and impact of preexisting
AF among AS patients at low surgical risk undergoing
TAVR versus SAVR. In line with findings of previous stud-
ies of higher risk cohorts9−11, preexisting AF was a strong
predictor of readmission following TAVR or SAVR and
mainly driven by rehospitalization related to heart failure.
However, mortality rate and the overall rate of AF was
lower in the present low-surgical risk population compared
to previously reported randomized studies and registries of
higher risk cohorts1,7,12 in which AF conferred a 1.4 to 1.9
fold increased risk of mortality and preexisting AF was
present in as many as 41% to 42% of the patients.13,14 Since
AF can be both a possible underlying mechanism of mortal-
ity as well as a marker of underlying comorbidities and dis-
ease, it may not be surprising that in present low risk
cohort, it was not a predictor of mortality.

Similarly, in the present study we found no association
between AF and the risk of stroke, in accordance with prior
findings based on the PARTNER trial of high risk or inop-
erable patients12 and the FRANCE-2 registry of high risk
patients with severe AS.1 Although increased thromboem-
bolic risk has often been implicated in patients with AF and
AS, the pathophysiology of stroke in AS patients might be
different than the one caused by non-valvular AF, when
loss of mechanical function of the atrium leads to increased
risk of intracardiac thrombus formation.15 The risk of stroke
in AS may in part be a consequence of high atherosclerotic
burden and calcific microemboli rather than stagnant flow
in the left atrium.16 Accordingly, in the present study,
although as many as 25% of patients with AF in the SAVR
arm had concomitant MAZE and 35.2% concomitant LAA
ligation, adjustment for such procedures did not affect the
results. Further, all patients with AF who experienced a
stroke were on anticoagulant therapy prior to the event and
adjusting for anticoagulant therapy did not alter the associa-
tion between AF and the risk of adverse outcomes, possibly
implicating other mechanisms in the pathophysiology of
stroke following TAVR or SAVR.17,18 There is also a possi-
bility that anticoagulants may have protected against surgi-
cal prosthetic aortic valve thrombosis which has been
associated with an increased risk of ischemic stroke19,20;
nevertheless, this association has not been consistently
observed with transcatheter aortic valve prostheses.21,22

Further, even though there was no statistical difference
between patients with and without AF, the raw numbers of
patients with stroke in the present study were twice as high
among those with AF, suggesting an aggressive athero-
thrombotic substrate in this patient population, which may
not necessarily be responsive to anticoagulant therapy.
Nevertheless, in the present study, the overall low rates of
stroke, though consistent with recent reports23,24, limit the
ability to identify specific pathophysiologic mechanisms of
cerebrovascular events.

Lastly, in the present study the risk of bleeding was simi-
lar in patients with AF compared to patients without AF,
irrespective of treatment modality or anticoagulant therapy.
Other than limitations in analyzing individual endpoints,
such as stroke and bleeding due to the overall rate of events,
the absence of any association of AF with stroke or bleed-
ing may alternatively be explained by careful patient selec-
tion, increasing operator experience and optimization of
device platforms and techniques.23 Further, refined postop-
erative and long term antiplatelet and anticoagulant man-
agement, with consideration of the balance between
ischemic and bleeding risk in an overall low-risk patient
population may partially explain the lack of association
between AF and bleeding risk. Nevertheless, further dedi-
cated studies are needed to address the optimal pharmaco-
therapy therapy of patients with preexisting AF following
SAVR or TAVR, in regard to both rhythm management as
well as systemic anticoagulation, particularly in the setting
of concomitant antiplatelet therapy following surgical or
percutaneous aortic valve replacement.

The present study was not pre-specified in the PART-
NER 3 trial protocol, and the results should thus be consid-
ered hypothesis generating. The type of AF at baseline
(paroxysmal, persistent or permanent) was not captured.
Furthermore, subclinical AF may have been undetected
since continuous arrythmia monitoring was not performed
at baseline. Postoperative AF was not included in the pres-
ent study. The PARTNER trial enrolled patients with severe
AS at low surgical risk, and our results may not be applica-
ble to patients with higher baseline operative risk. Overall
rates of individual endpoints, including death, stroke and
bleeding were low and larger dedicated studies are needed
to confirm results reported in this analysis. Finally, the pres-
ent study was not designed to determine the safety or the
optimal pharmacologic approach to AF, and medication
dosages or adjustments and INR levels were not specifically
captured.
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