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Introduction
Transcatheter aortic valve replacement (TAVR) has emerged as an 

alternative to surgical aortic valve replacement (SAVR) 1,2 for treatment 
of patients with symptomatic severe aortic stenosis (AS) in all risk 
cohorts 3-5 with short-term follow-up indicating durable results with 
TAVR. Recent trials comparing TAVR vs SAVR also showed that early 
and late outcomes are better in TAVR vs SAVR, and that stroke risk 
at one year is notably lower with TAVR vs SAVR 6. 

Post-operative atrial fibrillation (POAF) is common after TAVR 
and SAVR7. The incidence of POAF has been reported in 20-40% of 
SAVR and 5-40% of TAVR patients and has been associated with risk 
of early and late stroke in both TAVR and SAVR8-10. POAF is also 
associated with prolonged hospital stay as well as increased morbidity 
and mortality11.  

While prior observational studies reported lower risk of POAF after 
TAVR vs SAVR, these studies are limited by design. We performed a 
meta-analysis of randomized trials to examine the incidence of POAF 
at 30 days after TAVR and SAVR.

2. Methods
2.1 Data sources and eligibility criteria 

We conducted and reported this meta-analysis according to the 
Cochrane Central Register of Controlled Trials (CENTRAL). We 
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Abstract
Background: Post-operative atrial fibrillation (POAF) is common after aortic valve replacement (AVR) and is associated with worse outcomes. 

We performed a meta-analysis of randomized controlled trials comparing Surgical Aortic Valve Replacement (SAVR) and Transcatheter Aortic 
Valve Replacement (TAVR) for incidence of POAF at 30 days. 

Methods: We searched databases from 1/1/1990 to 1/1/2020 for randomized studies comparing TAVR and SAVR. POAF was defined as 
either worsening or new-onset atrial fibrillation. Random effects model was used to estimate the risk of POAF with TAVR vs SAVR in all trials, 
and in subgroups (low, intermediate, high risk, and in self-expandable vs balloon expandable valves). Sensitivity analysis was performed 
including only studies reporting new-onset atrial fibrillation

Results: Seven RCTs were identified that enrolled 7,934 patients (3,999 to TAVR and 3,935 to SAVR). The overall incidence of POAF was 
9.7% after TAVR and 33.3% after SAVR. TAVR was associated with a lower risk of POAF compared with SAVR (OR 0.21 [0.18-0.24]; P < 
0.0001). Compared with SAVR, TAVR was associated with a significantly lower risk of POAF in the high-risk cohort (OR 0.37 [0.27-0.49]; P 
< 0.0001), in the intermediate-risk cohort (OR 0.23 [0.19-0.28]; P < 0.0001), low-risk cohort (OR 0.13 [0.10-0.16]; P < 0.0001). Sensitivity 
analysis of 4 trials including only new-onset POAF showed similar summary estimates (OR 0.21, 95% CI [0.18-0.25]; P< 0.0001).

Conclusions: TAVR is associated with a significantly lower risk of post-operative atrial fibrillation compared with SAVR in all strata. Further 
studies are needed to identify the contribution of post-operative atrial fibrillation to the differences in clinical outcomes after TAVR and SAVR.
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performed a systematic computerized search through the MEDLINE, 
EMBASE, and COCHRANE databases from January 1st, 1990 to 
January 1st, 2020 using the following search terms separately and in 
combination: “randomized trial,” “TAVR,” “SAVR,” “Atrial fibrillation,” 
“Complications,” and “Aortic stenosis.”We performed the same search 
strategy for abstracts of the major scientific sessions, and ClinicalTrials.
gov for any relevant studies. This was complemented with a manual 
search of PubMed and Google Scholar. Bibliographies of retrieved 
studies and review articles were searched to identify any additional 
relevant studies. Authors, country, study population, and affiliated 
institutions were screened to exclude duplicate studies. Our search was 
limited to manuscripts in English language. Only randomized studies 
comparing TAVR vs SAVR were included in this analysis. The search 
strategy, study selection, and analysis adhered to QUORUM (Quality 
of Reporting of Meta-Analysis) guidelines for meta-analyses.

2.2 Data extraction, outcome definition, and quality assessment
Two independent investigators (HA, RM) extracted the data, 

including baseline study characteristics, demographics, and outcomes 
of interest from the retrieved studies. There was good inter-rater 
agreement between the reviewers with respect to inclusion of studies, 
study quality, and data abstraction (k > 0.85). The outcome was POAF, 
which was defined as new or worsening AF within 30 days post AVR 
(TAVR or SAVR).  The definition of worsening AF was included in 
three clinical trials (Supplemental Table 1), while the remaining trials 
did not have a clear definition. Atrial fibrillation was diagnosed as any 
arrhythmia within hospitalization that has the ECG characteristics of 
atrial fibrillation (or flutter) and lasts sufficiently long to be recorded 
on a 12-lead ECG, or at least 30 seconds on a rhythm strip in some 
of these trials. No specific methods for AF detection were provided 
in other trials. Supplemental Table 1 lists the definition of POAF in 
each trial. Cochrane risk-of-bias tool for randomized trials (RoB 2) 
was used to describe trial bias. 

2.3 Data synthesis and statistical analysis
Continuous variables are expressed as means ± standard deviation 

and categorical variables as counts and percentages. Summary results 
are presented as mean differences. Random and fixed effects model 
was used to calculate Odd Ratios (OR) and corresponding 95% 
confidence interval (CI) given high heterogeneity (I2> 50% in all 
analyses). Publication bias was examined by funnel plots and Egger’s 

test.12 Subgroup analysis was conducted for high, intermediate and low 
risk cohorts, and valve type (balloon-expandable and self-expandable 
TAVR). Sensitivity analysis was performed by limiting analysis to trials 
that included only new-onset AF. Data collection, study selection, 
processing of the data, and reporting of results were performed 
according to accepted principles of systemic review and meta-analysis13 

All P-values were two-tailed, with statistical significance set at 0.05, 
and CIs were calculated at the 95% level. Review Manager software 
(Version 5.3.5. Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2014) was used to perform the analysis.

3. Results
3.1 Search Results

The database search identified 203 relevant references or citations 
(Figure 1). After duplicate removal and title and abstract reading, 182 
records were excluded, and 8 were considered for full-text analysis. 
Of these, 1 article was excluded because it did not report POAF, 
and 7 studies were selected for the meta-analysis (PARTNER 114, 
CoreValve15, NOTION16, PARTNER 217, SURTAVI18, PARTNER 
319, Evolut20).

3.2 Characteristics of the studies
A total of 7 randomized trials with 7,934 patients met our selection 

criteria. Of these, 3,999 patients were randomized to TAVR and 3,935 
were randomized to SAVR. The baseline patient characteristics are 
listed in Table 1. Males constitute 59.0% of the cohort, 29.2% had 
a previous history of atrial fibrillation (AF), and 8% of patients had 
known prior history of a cerebrovascular accident. The Society of 
Thoracic Surgeons (STS) perioperative risk of mortality ranged from 
low (1.9%) in the “low-risk” TAVR trials to high (11.8%) in the “high-
risk” studies. Transfemoral access was used in 90% of patients in the 
composite analysis.

3.1 Outcomes
POAF at 30 days was defined as either new onset AF or worsening of 

AF. The composite incidence of POAF at 30 days was 9.7% (377/3900) 
after TAVR and 33.3% (1224/3680) after SAVR (Figure 2). In a fixed-
effect meta-analysis including all 7 trials, TAVR was associated with 
a lower risk of 30-day POAF compared with SAVR (OR 0.21, 95% 
CI [0.18-0.24]; P < 0.0001, I2 = 86%) (Figure 3). The lower incidence 

Figure 1: CONSORT diagram

Figure 2: Incidence of post-operative atrial fibrillation at 30 days with TAVR 
and SAVR Across the Randomized Clinical Studies
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3.2 Sensitivity analysis
Four trials [Evolut20, PARTNER 114, PARTNER 217, PARTNER 

319] reported incidence of “new-onset” AF. The risk of new onset AF 
at 30 days in TAVR group was lower than SAVR group (OR 0.21, 
95% CI [0.18-0.25]; P< 0.0001, I2 = 92%), Figure 4. Calculation of 
summary effects with fixed- and random-effects yielded similar results 
(Supplemental Table 3).

4. Discussion
This study demonstrates a lower overall cumulative incidence of 

worsening and new-onset atrial fibrillation after TAVR compared 
with SAVR. The lower risk of POAF extends to all risk categories and 
TAVR valve types. Similarly, we also demonstrate a lower incidence 

of POAF at 30 days was noted across different risk strata:  high-risk 
cohort (23.2% vs 10.2%, OR 0.37, 95%CI [0.27-0.49]; P < 0.0001, 
I2 = 62%), intermediate-risk cohort (33.4% vs 10.8%, OR 0.23, 95% 
CI [0.19-0.28]; P < 0.0001, I2 = 77%), and low-risk cohort (39.1% vs 
7.8%, OR 0.13, 95% CI [0.10-0.16]; P < 0.0001, I2 = 55%). Similarly, 
the lower incidence in 30-day POAF with TAVR was significant in 
trials using both self-expanding valves (41.1% vs 12.9%, OR 0.21 
[0.17-0.25], P<0.0001, I2=62%) and balloon-expandable valves (29.2% 
vs 7.9%, OR 0.21 [0.18-0.25], P<0.0001, I2=92%).  The reported 
incidence of stroke, mortality and readmission at 30 days in TAVR vs 
SAVR are showed in Supplemental Table 2.

Table 1: Baseline Characteristics of the 7 studies

High risk Intermediate risk Low risk

 Partner 1 CoreValve Partner 2 SURTAVI Partner 3 Evolut Notion

 TAVR SAVR TAVR SAVR TAVR SAVR TAVR SAVR TAVR SAVR TAVR SAVR TAVR SAVR

Trials’ characteristics

Recruitment period 2007-2009 2011-2012 2011-2013 2012-2016 2016-2017 2016-2018 2009-2013

Longest follow-up, 
year

5 3 2 2 1 2 2

Design Non-inferiority Non-inferiority Non-inferiority Non-inferiority Non-inferiority and 
Superiority

Non-inferiority Superiority

ITT patients 348 351 394 401 1011 1021 864 796 503 497 734 734 145 135

As-treated patients 344 313 391 359 994 944 863 794 496 454 725 678 142 134

Patients’ characteristics

Age, mean (SD) 83.6 ± 
6.8

84.5 ± 
6.4

83.5 ± 
7.1

83.5 ± 
6.3

81.5 ± 
6.7

81.7 ± 
6.7

79.9 ± 6.2 79.7 ± 
6.1

73.3 ± 
5.8

73.6 ± 
6.1

74.1 ± 5.8 73.6 ± 
5.9

79.2 ± 
4.9

79.0 ± 
4.7

Women, n (%) 147 
(42.2%)

153 
(43.6%)

183 
(46.4%)

189 
(47.1%)

463 
(45.8%)

461 
(45.2%)

366 
(42.4%)

358 
(45.0%)

161 
(32.0%)

131 
(26.4%)

261 (35.6%) 229 
(31.2%)

67 
(46.2%)

64 
(47.4%)

STS, mean ± SD 11.8± 
3.3

11.7 ± 
3.5

7.3 ± 3.0 7.5 ± 3.2 5.8 ± 
2.1

5.8 ± 
1.9

4.4 ± 1.5 4.5 ± 
1.6

1.9 ± 
0.7

1.9 ± 
0.6

1.9 ± 0.7 1.9 ± 0.7 2.9 ± 1.6 3.1 ± 
1.7

CKD, n (%) 38 
(10.9%)

24 
(6.8%)

48 
(12.2%)

52 
(13.0%)

51 
(5.0%)

53 
(5.2%)

14 (1.6%) 17 
(2.1%)

1 (0.2%) 1 (0.2%) 3 (0.4%) 1 (0.1%) 2 (1.4%) 1 (0.7%)

PVD, n (%) 148 
(42.5%)

142 
(40.5%)

163 
(41.4%)

169 
(42.1%)

282 
(27.9%)

336 
(32.9%)

266 
(30.8%)

238 
(29.9%)

34 
(6.8%)

33 
(6.6%)

54 (7.4%) 56 (7.6%) 6 (4.1%) 9 (6.7%)

Prior CVA, n (%) 95 
(27.3%)

87 
(24.8%)

51 
(12.9%)

53 
(13.2%)

NK NK 57 (6.6%) 57 
(7.2%)

17 
(3.4%)

23 
(4.6%)

74 (10.1%) 80 
(10.9%)

24 
(16.6%)

22 
(16.3%)

Prior CABG, n (%) 147 
(42.2%)

152 
(43.3%)

117 
(29.7%)

121 
(30.2%)

239 
(23.6%)

261 
(25.6%)

138 
(16.0%)

137 
(17.2%)

NK NK 18 (2.5%) 14 
(1.9%)

NK NK

Prior CAD, n (%) 201 
(57.8%)

198 
(56.4%)

207 
(52.5%)

187 
(46.6%)

548 
(54.2%)

560 
(54.8%)

498 
(57.6%)

438 
(55.0%)

335 
(66.6%)

323 
(65.0%)

464 (63.2%) 449 
(61.2%)

78 
(53.8%)

71 
(52.6%)

Prior PCI, n (%) 116 
(33.3%)

110 
(31.3%)

133 
(33.8%)

152 
(37.9%)

274 
(27.1%)

282 
(27.6%)

184 
(21.3%)

169 
(21.2%)

NK NK 103 (14.0%) 87 
(11.9%)

11 (7.6%) 12 
(8.9%)

Known AF or 
flutter, n (%)

80 
(23.0%)

73 
(20.8%)

161 
(40.9%)

190 
(47.4%)

313 
(31.0%)

359 
(35.2%)

243 
(28.1%)

211 
(26.5%)

78 
(15.5%)

85 
(17.1%)

111 (15.1%) 98 
(13.4%)

40 
(27.6%)

34 
(25.2%)

Prior pacemaker, 
n (%)

69 
(19.8%)

76 
(21.7%)

92 
(23.4%)

83 
(20.7%)

118 
(11.7%)

123 
(12.0%)

84 (9.7%) 72 
(9.0%)

12 
(2.4%)

13 
(2.6%)

NK NK 5 (3.4%) 6 (4.4%)

Intervention’s characteristics

Valve Type Edwards 
Sapien

NA Corevalve NA Sapien 
XT

NA CoreValve, 
Evolut R

NA Sapien 
S3

NA Corevalve, Evolut 
R, Evolut Pro

NA Corevalve NA

Transfemoral 
access, n (%)

244 
(70.1%)

NA 394 
(100.0%)

NA 775 
(76.7%)

NA 809 
(93.6%)

NA 490 
(97.4%)

NA 727 (99.0%) NA 145 
(100.0%)

NA

Transthoracic 
access, n (%)

104 
(29.9%)

NA 0 (0.0%) NA 236 
(23.3%)

NA 55 (6.4%) NA 0 (0.0%) NA 7 (1.0%) NA 0 (0.0%) NA

Abbreviations. TAVR = Transcatheter aortic valve replacement; SAVR: Surgical aortic valve replacement; STS PROM= Society of Thoracic Surgery perioperative risk of mortality score; CVA = cerebrovascular 
accident; CKD = chronic kidney disease; PVD = Peripheral vascular disease; CABG = Coronary artery bypass grafting; PCI= percutaneous coronary intervention; AF= Atrial fibrillation; NA= Not applicable; 
NK= Not known. 
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with preexisting atrial remodeling seem to have higher risk of POAF 
after TAVR28. Transfemoral TAVR is a less invasive procedure, with 
a significantly reduced hemodynamic burden, no compromise of the 
pericardium, and a reduced inflammation and sympathetic tone. Our 
findings further confirm the importance of these contributing factors 
and procedure type on POAF.

Notably, there is uncertainty on the role of anticoagulation in post-
operative AF. POAF has been linked with early and late stroke after 
both TAVR and SAVR8,29. Most patients with POAF after TAVR 
receive anticoagulation whereas anticoagulation for SAVR is much 
less common30. Whether POAF and/or anticoagulation mediates short 
and long-term stroke risk and other outcomes after TAVR vs SAVR 
remains to be elucidated. 

In the current meta-analysis, the odds ratio of POAF with TAVR 
vs SAVR is lower with decreasing surgical risk: (high risk OR 0.37 
[0.27-0.49]; intermediate risk OR 0.23 [0.19-0.28]; and low risk OR 
0.13 [0.10-0.16]). The lower rate of POAF with TAVR vs SAVR may 
be due to the decreased utilization of “alternative” access use (ex. trans-
apical or trans-aortic) in the lower risk population, in addition to the 
improved overall TAVR techniques in the lower risk studies. As such, 
differences in POAF between TAVR and SAVR could be magnified. 
Additionally, patients in the higher risk trials have higher prevalence 
of comorbidities including cardiomyopathy and atrial remodeling, and 
peri-procedural AF may reflect paroxysmal AF that was not detected, 
and thus diluting the effect of post-AVR pericardial inflammation. 
The contribution of reduced POAF burden to the improved outcomes 
(especially stroke and rehospitalization) noted with low-risk TAVR 
compared with SAVR should needs further investigation. 

5. Study limitations
We acknowledge the limitations inherent to meta-analyses. The 

validity of our results is dependent on the validity of the studies 
included. We do not have access to patient level data in order to perform 
individual-level meta-analysis. Nevertheless, by limiting included 
studies to RCTs we minimize variability in burden of comorbidities 
between TAVR and SAVR groups and as a result decrease the possibility 
that differences could be due to confounding. The included studies did 
not entirely differentiate between new onset and provoked AF, and 
none of the included studies reported time to and duration of AF. 
Finally, not all the patients in these trials had continuous monitoring 
such as implantable loop recorders or pacemakers, and methods for 
AF detection may not have been standardized across studies, which 
may have led to underdiagnosis of AF.  While the overall implications 
for post-procedural management may be similar, there are different 
implications for underlying mechanism and for the role of long-term 

of new onset post-operative atrial fibrillation after TAVR compared 
with SAVR. 

The incidence of POAF is reported to be between 20% and 50%, 
and it varies by the procedure type 21-23. Prior single-center studies 
consistently showed that TAVR is associated with a lower risk of 
AF compared with SAVR. In a single center study of 170 patients 
undergoing AVR (84 TAVR, 86 SAVR), a lower risk of new onset AF 
was noted in the TAVR group compared with SAVR group (6% vs 
33.7%, P<0.05)24. Non-femoral access routes used in TAVR seemed to 
be associated with higher risk of POAF. In a retrospective single-center 
cohort study of 231 patients undergoing TAVR, POAF occurred in 
53% after transapical TAVR, 33% after transaortic TAVR, and 14% 
after transfemoral TAVR. AVR without pericardiotomy was associated 
with a lower risk of AF, with an adjusted OR (adjusted OR: 0.18; 
95% CI: 0.05 to 0.59) similar to the summary effect observed in our 
analysis. These studies, however, are limited by the different baseline 
characteristics of patients undergoing TAVR vs SAVR, and the non-
randomized nature of the analyses predisposing to significant bias. 
Only randomized studies were included in the current metanalysis, 
therefore minimizing bias and balancing confounders. 25

Studying the incidence of POAF is important as it is associated with 
worse clinical outcomes after AVR (TAVR and SAVR). In a study of 
24,076 patients undergoing TAVR in the US, post-TAVR AF was 
associated with increased risk of stroke and readmission26. Similarly, 
other studies showed that new-onset AF after TAVR is associated with 
increased risks of systemic embolization and stroke 27, and short-term10 
and long-term mortality25. 

Our findings have important clinical implications. The key differences 
in complications rates of TAVR and SAVR, including the risk of POAF, 
should be part of the shared-decision making process between the 
patient and the Integrated Heart Team. Furthermore, differences in 
the incidence of POAF between the two AVR approaches may provide 
some insight into POAF mechanism. POAF is generally thought to 
be multifactorial: inflammatory response triggered by pericardiectomy 
and cardiopulmonary bypass, catecholamine surge, pericardial 
inflammation, and the overall hemodynamic burden of surgery. Patients 

Figure 4:

Forest plot of studies comparing the risk of new onset atrial 
fibrillation at 30 days in TAVR versus SAVR.CI = confidence 
interval; TAVR = transcatheter aortic valve replacement; SAVR = 
surgical aortic valve replacement.

Figure 3:

Forest plot of studies comparing post-operative atrial fibrillation 
at 30 days in TAVR versus SAVR in high, intermediate, and low 
risk cohort. CI = confidence interval; TAVR = transcatheter aortic 
valve replacement; SAVR = surgical aortic valve replacement.
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2015;65:2184-2194.
17. Leon MB, Smith CR, Mack MJ et al. Transcatheter or Surgical Aortic-Valve 

Replacement in Intermediate-Risk Patients. N Engl J Med 2016;374:1609-1620.
18. Reardon MJ, Van Mieghem NM, Popma JJ et al. Surgical or Transcatheter Aortic-

Valve Replacement in Intermediate-Risk Patients. N Engl J Med 2017;376:1321-
1331.

19. Mack MJ, Leon MB, Thourani VH et al. Transcatheter Aortic-Valve Replacement 
with a Balloon-Expandable Valve in Low-Risk Patients. N Engl J Med 
2019;380:1695-1705.

20. Popma JJ, Deeb GM, Yakubov SJ et al. Transcatheter Aortic-Valve Replacement with 
a Self-Expanding Valve in Low-Risk Patients. N Engl J Med 2019;380:1706-1715.

21. Creswell LL, Schuessler RB, Rosenbloom M, Cox JL. Hazards of postoperative 
atrial arrhythmias. Ann Thorac Surg 1993;56:539-49.

22. Aranki SF, Shaw DP, Adams DH et al. Predictors of atrial fibrillation after coronary 
artery surgery. Current trends and impact on hospital resources. Circulation 
1996;94:390-7.

23. Mathew JP, Parks R, Savino JS et al. Atrial fibrillation following coronary artery 
bypass graft surgery: predictors, outcomes, and resource utilization. MultiCenter 
Study of Perioperative Ischemia Research Group. JAMA 1996;276:300-6.

24. Motloch LJ, Reda S, Rottlaender D et al. Postprocedural atrial fibrillation after 
transcatheter aortic valve implantation versus surgical aortic valve replacement. Ann 
Thorac Surg 2012;93:124-31.

25. Biviano AB, Nazif T, Dizon J et al. Atrial Fibrillation Is Associated With Increased 
Mortality in Patients Undergoing Transcatheter Aortic Valve Replacement: 
Insights From the Placement of Aortic Transcatheter Valve (PARTNER) Trial. 
Circ Cardiovasc Interv 2016;9:e002766.

26. Doshi R, Pisipati S, Taha M et al. Incidence, 30-day readmission rates and predictors 
of readmission after new onset atrial fibrillation who underwent transcatheter aortic 
valve replacement. Heart Lung 2020;49:186-192.

27. Yoon YH, Ahn JM, Kang DY et al. Incidence, Predictors, Management, and Clinical 
Significance of New-Onset Atrial Fibrillation After Transcatheter Aortic Valve 
Implantation. Am J Cardiol 2019;123:1127-1133.

28. Amat-Santos IJ, Rodes-Cabau J, Urena M et al. Incidence, predictive factors, and 
prognostic value of new-onset atrial fibrillation following transcatheter aortic valve 
implantation. J Am Coll Cardiol 2012;59:178-88.

29. Nuis R-J, Van Mieghem NM, Schultz CJ et al. Frequency and causes of stroke during 
or after transcatheter aortic valve implantation. The American journal of cardiology 
2012;109:1637-1643.

30. Brennan JM, Edwards FH, Zhao Y et al. Early anticoagulation of bioprosthetic aortic 
valves in older patients: results from the Society of Thoracic Surgeons Adult Cardiac 
Surgery National Database. J Am Coll Cardiol 2012;60:971-7.

anticoagulation. The definition of POAF was not standardized across 
trials, and thus a level of heterogeneity is expected due to different 
definitions. We address this shortcoming by conducting a sub-analysis 
with only the studies that reported new onset POAF specifically and 
demonstrate that the results are consistent with our overall findings. 

6. Conclusions
TAVR is associated with a significantly lower risk of post-operative 

atrial fibrillation compared with SAVR in all risk strata and valve 
types. Further studies are needed to identify the contribution of post-
operative atrial fibrillation to the clinical outcomes observed after 
TAVR and SAVR.
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