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Abstract
Aims Atrial fibrillation (AF) is associated with increased mortality after transcatheter aortic valve replacement (TAVR). 
Cerebrovascular complications and bleeding events associated with anticoagulation therapy are discussed to be possible 
causes for this increased mortality. The present study sought to assess whether AF is associated with impaired left ventricular 
(LV) reverse remodeling representing another possible mechanism for poor outcome.
Methods All patients who underwent TAVR in our institution and had 1-year echocardiography follow-up were included. 
LV mass index (LVMI) at baseline and follow-up as well as LVMI change at 1 year were assessed with respect to the pres-
ence of AF (either at baseline or during hospitalization after TAVR) and sinus rhythm (SR).
Results A total of 213 patients (n = 95 in AF; n = 118 in SR) were enrolled in the present study. Patients with AF had higher 
LVMI at 1 year compared to those with SR (173 ± 61 g/m2 vs. 154 ± 55 g/m2; p = 0.02) and they showed lower relative LVMI 
change at 1 year (− 2 ± 28% vs. − 9 ± 29%; p = 0.04). In linear regression analysis, AF was independently associated with 
relative LVMI change (regression coefficient ß 0.076 [95% CI 0.001–0.150]; p = 0.04). With respect to clinical outcome 
depending on AF and LVMI regression, the Kaplan–Meier estimated event-free of death or cardiac rehospitalization at 
3 years was lowest among patients with AF and no LVMI regression.
Conclusions The present study identified a significant association of AF with changes in LVMI after TAVR, which was also 
shown to be associated with clinical outcome.
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Abbreviations
AF  Atrial fibrillation
EF  Ejection fraction
IQR  Interquartile range
LV  Left ventricular
LVMI  Left ventricular mass index
LVEDD  Left ventricular end-diastolic diameter
LVESD  Left ventricular endsystolic diameter
LVH  Left ventricular hypertrophy

PCI  Percutaneous coronary intervention
SR  Sinus rhythm
TAVR  Transcatheter aortic valve replacement

Introduction

Atrial fibrillation (AF) is one of the most prevalent comor-
bidities in patients undergoing transcatheter aortic valve 
replacement (TAVR) [1–3]. Mostly, AF is already present 
prior to TAVR but it can also occur after the procedure [2, 
4, 5]. In high-risk patients, the prevalence can reach 50% 
when combining pre-existing and new-onset post-procedural 
AF. There is large evidence that patients with AF show a 
worse prognosis compared to those with sinus rhythm (SR) 
after TAVR [2, 4–8]. The reason for this are cerebrovascular 
complications and bleeding events associated with oral anti-
coagulation therapy [7] beside the more progressive heart 
disease observed in AF. Apart from cerebrovascular and 
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bleeding complications, AF is also known to be associated 
with negative left ventricular (LV) remodeling outside of 
TAVR populations [9]. Mechanisms for that include loss of 
atrioventricular synchrony leading to impaired ventricular 
filling and increased myocardial fibrosis [9, 10].

There is a growing body of evidence that positive LV 
remodeling expressed by LV mass regression after TAVR 
is associated with increased survival [11, 12]. However, the 
association of LV mass alterations following TAVR with AF 
as another possible factor influencing the outcome after the 
procedure is unknown. Therefore, the present study sought 
to evaluate the impact of AF on changes of LV mass index 
(LVMI) and its association with outcome in patients after 
TAVR.

Methods

Patient population

Patients with severe symptomatic AS undergoing TAVR in 
our institution were consecutively included in a single-center 
prospective observational TAVR study since January 2015. 
Each patient provided written informed consent. The study 
was approved by the hospital’s ethics committee (number 
of the ethics committee approval: 314/16s) and performed 
according to the Decleration of Helsinki. For the purpose of 
the present analysis, patients were assigned into two groups 
according to the presence of AF (paroxysmal, persistent or 
permanent) or SR.

AF detection

Patients were assigned to the AF group if they had previ-
ously known AF or atrial flutter at baseline or a new diag-
nosis of AF or atrial flutter during the index hospitalization. 
For the detection of AF or atrial flutter during the index 
hospitalization patients received at least one 12-lead EKG 
pre-procedurally, one 12-lead EKG directly after the TAVR 
procedure and one 12-lead EKG prior to discharge. In addi-
tion, patients were on continuous EKG monitoring after the 
TAVR procedure for at least 24 h. AF therapy (rhythm ver-
sus rate control) was at the discretion of the treating physi-
cian based on the patient´s clinical symptoms, left atrial size, 
comorbidities and age.

Echocardiography

Echocardiographic assessment was obtained at baseline and 
12 months after TAVR.

All patients received an echocardiographic exam follow-
ing the current guidelines for the management of aortic valve 
disease [13, 14]. Valvular disease severity including the 

severity of paravalvular aortic regurgitation after TAVR was 
graded on a three-stage scale from mild to severe according 
to current guidelines [14–16]. LV function was assessed by 
biplane measures in two and four-chamber view using the 
Simpson biplane formula. LV mass was calculated according 
to the American and European Society of Echocardiography 
[17]: 0.8 × (1.04((LVEDD × LV posterior wall × LV septal 
wall)3 × (LVEDD)3)) + 0.6 g. LV mass was indexed to the 
body surface area [17]. Guideline recommended definition 
of left ventricular hypertrophy (LVH) severity was used as 
follows [18]: no LVH (< 96 g/m2 for women, < 116 g/m2 for 
men); mild LVH (96–108 g/m2 for women, 116–131 g/m2 for 
men); moderate LVH (109–121 g/m2 for women, 132–148 g/
m2 for men); severe LVH (> 121 g/m2 for women, > 148 g/
m2 for men). LVMI regression was defined as a decrease of 
LVMI at follow-up compared to baseline.

Procedure

General decision for TAVR was made by an interdisciplinary 
heart team consisting of cardiologists and cardiac surgeons. 
TAVR was performed in general anesthesia under transoe-
sophageal echocardiography and fluoroscopy guidance. The 
transfemoral approach was used as the default access route. 
In most patients either Evolut R (Medtronic, Minneapolis, 
USA) or Sapien S3 (Edwards, Irvine, USA) prosthetic valves 
were implanted.

Endpoint definitions

Clinical follow-up including assessment of symptoms 
and adverse events was performed at 4 weeks, 3 months, 
6 months, 12 months after TAVR and yearly thereafter. 
Patients who were not available for clinical follow-up were 
contacted by phone. All clinical events were systematically 
collected and evaluated by our internal TAVR board. Com-
plications were defined according to the Valve Academic 
Research Consortium-2 criteria [19]. Primary outcome 
measures were LVMI at follow-up and change of LVMI 
between baseline and 1-year follow-up according to the pres-
ence of AF compared to SR. Secondary outcome measures 
were changes in LVEDD and LV-EF, the prevalence of AF 
in different LV severity classes at follow-up and clinical out-
come including the composite of death or rehospitalization 
for heart failure.

Statistical methods

Continuous variables were reported as mean with stand-
ard deviation or as median with interquartile range (IQR). 
Categorical variables were expressed as numbers and per-
centages. Between-group comparisons were performed 
using student’s t test for normally distributed data. For 
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non-normally distributed data Mann–Whitney U test was 
used. Categorial data were analyzed by Chi-Square or exact 
Fisher test. Paired data analysis was performed by paired t 
test or Wilcoxon test. The association of AF with relative 
LVMI change during follow-up was assessed using multi-
variable linear regression. All variables showing a p value 
< 0.10 at univariable analysis were entered into this model. 
Mortality and rehospitalization for heart failure were cal-
culated by means of Kaplan–Meier method with log-rank 
testing. A total of four groups (SR with LVMI regression vs. 
SR without LVMI regression vs. AF with LVMI regression 
vs. AF without LVMI regression) were compared. A p value 
< 0.05 was considered significant. Statistical analyses were 
performed using SPSS, version 26 (IBM, Chicago, USA).

Results

Baseline characteristics

Between January 2015 and February 2020, 367 patients 
underwent TAVR in our institution. Of them, a total of 
213 patients with complete echocardiographic follow-up at 
1 year were included in the present analysis. AF was diag-
nosed in 95 patients (45%) with AF prior to TAVR in 88 
patients and new AF after TAVR in seven patients. Of these 
95 patients, 20 patients had paroxysmal AF, 18 patients had 
persistent AF and 57 patients had permanent AF. New AF 
between hospital discharge and 1-year follow-up was not 
diagnosed. A total of five patients received amiodarone as 

rhythm control therapy. Cardioversion was performed in four 
out of the seven patients with new AF after the procedure.

The study flow is illustrated in Fig. 1. Baseline charac-
teristics of patients with AF compared to those with SR are 
presented in Table 1. Patients with AF were slightly older 
(82 ± 7 vs. 79 ± 8 years; p = 0.02) and suffered more often 
from chronic renal failure (57% vs. 39%; p = 0.02). Baseline 
echocardiography showed differences in left atrial dimen-
sion, right ventricular dimension and function as well as 
tricuspid regurgitation between AF and SR (Table 2). With 
respect to procedural details, no significant differences were 
found with regard to vascular access, prosthesis type and 
prosthesis size (Table 3). Hospital complications and pros-
thesis function were similar in both groups (Table 3).

Cardiac remodeling

At baseline, LVMI was similar between patients with AF 
and those with SR. Paired analysis showed a significant 
reduction in LVMI (Fig. 2a) and in LVEDD (Fig. 2b) and 
a significant increase in LV-EF (Fig. 2c) between baseline 
and 1-year follow-up in patients with SR. No significant 
changes in these parameters were observed in the group 
with AF. Relative LVMI reduction between baseline and 
follow-up was lower in patients with AF compared to those 
with SR (− 2 ± 28 vs. − 9 ± 29%; p = 0.04). Consequently, 
LVMI index was significantly higher in the AF group 
compared to the SR group (173 ± 61 vs. 154 ± 55 g/m2; 
p = 0.02) after 1 year following TAVR (Table 2). Changes 
of LV mass parameters dependent on different types of 

Fig. 1  Study flow chart
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AF (paroxysmal, persistent or permanent) are listed in 
Supplementary Table S1. Whereas LV-EF at baseline was 
similar between both groups, it was significantly lower in 
patients with AF at 1 year (52 ± 11 vs. 56 ± 7%; p = 0.004). 
LVEDD was found to be significantly higher in patients 
with AF 1 year after TAVR (Table 2). Furthermore, the 
difference in more than mild mitral and tricuspid regur-
gitation between the two groups increased at follow-up. 
Figure 3 illustrates the proportion of patients with AF in 
different classes of LVH severity at 1-year follow-up. Ris-
ing AF prevalence was detected across increasing levels 
of LVH severity (p = 0.03). Finally, multivariable linear 
regression showed that AF was an independent determi-
nant of relative change in LVMI (Table 4).  

Clinical outcome

Median follow-up of the population was 18.4 months (IQR 
13.7–30.4 months). A total of four groups were assessed 
regarding clinical outcome: SR with LVMI regression 
(defined as a reduction of LVMI between baseline and 
follow-up) (group 1); SR without LVMI regression (group 
2); AF with LVMI regression (group 3); AF without LVMI 
regression (group 4). The Kaplan–Meier estimated event-
free of death or cardiac rehospitalization at 3 years was 
highest in group 1 and declined across the groups. Patients 
in group 4 had the worst outcome (Fig. 4a). The difference 
in event-free of death did not reach statistical significance 
(Fig. 4b).

Discussion

The present study is the first to assess the impact of AF ver-
sus SR on LV remodeling after TAVR. We were able to dem-
onstrate a significant reduction of LVMI and LV dimensions 
as well as an increase in LV-EF in patients with SR 1 year 
after TAVR. In contrast, patients with AF did not show any 
significant changes in these remodeling parameters during 
the follow-up. This led to higher residual LVMI (173 ± 61 g/
m2 vs. 154 ± 55 g/m2) and a higher proportion of severe LVH 
(75% vs. 55%) in the AF group. Importantly, AF was also 
found to be independently associated with LVMI change 
after TAVR. Finally, clinical outcome was assessed in differ-
ent groups depending on cardiac rhythm and the presence of 
LVMI regression. The lowest event-free of death and cardiac 
rehospitalization was found in patients with AF and absence 
of LVMI regression. These results add new insights regard-
ing the question why AF is associated with worse clinical 
outcome after TAVR.

Sub-analyses of the Placement of Aortic Transcath-
eter Valves (PARTNER) trials already showed a strong 
association of LV mass regression with clinical outcome 
including mortality and rehospitalization after TAVR [11, 
12]. However, they did not conduct a possible influence 
of AF. Studies in other entities such as arterial hyperten-
sion identified an association of AF with regression of 
LVMI under antihypertensive medical treatment [20, 21]. 
Hennersdorf et al. found that patients with LVMI regres-
sion showed an AF prevalence of 2% compared to 17% 
in patients with LVMI progression [20]. The relationship 
between LV remodeling and AF is a well-known “chicken-
and-egg” conundrum. On the one hand, LVMI regression 
is assumed to reduce LV filling pressures associated with 
beneficial left atrial remodeling and reduction of AF bur-
den. On the other hand, the cascade can also be the other 
way around and AF itself may influence the remodeling 
process in the LV. This hypothesis is supported by the 

Table 1  Baseline characteristics

PCI percutaneous coronary intervention, CABG coronary artery 
bypass graft, PAOD peripheral arterial occlusive disease, COPD 
chronic obstructive pulmonary disease, eGFR estimated glomerular 
filtration rate, ICD implantable cardioverter defibrillator, RBBB right 
bundle branch block, LBBB left bund branch block, ACE angiotensin-
converting enzyme, ARB angiotensin II receptor blocker, MRA miner-
alocorticoid receptor antagonist

Atrial fibrilla-
tion (N = 95)

Sinus rhythm 
(N = 118)

p value

Age (years) 82 ± 7 79 ± 8 0.02
Female 50% (47) 39% (46) 0.13
Body mass index (kg/m2) 26.3 ± 5.6 25.7 ± 4.6 0.44
Arterial hypertension 88% (84) 90% (106) 0.53
Dyslipidemia 59% (56) 66% (78) 0.33
Smoker 15% (14) 17% (20) 0.66
Diabetes mellitus 26% (25) 22% (26) 0.40
Coronary artery disease 67% (64) 68% (80) 0.95
Previous PCI 44% (42) 48% (56) 0.60
Previous CABG 5% (5) 7% (8) 0.65
Previous stroke 14% (13) 7% (8) 0.09
PAOD 18% (17) 17% (20) 0.86
Carotid artery disease 5% (5) 9% (11) 0.26
COPD 17% (16) 9% (11) 0.10
Chronic renal failure 

(eGFR < 60 ml/min)
57% (54) 39% (46) 0.02

Pacemaker 15% (14) 11% (13) 0.42
ICD 3% (3) 2% (2) 0.48
RBBB 6% (6) 11% (13) 0.23
LBBB 8% (8) 7% (8) 0.65
EuroSCORE II 5.8 ± 4.8 4.6 ± 3.6 0.06
NYHA ≥ III 74% (70) 63% (74) 0.90
Medication
 ACE inhibitor/ARB 78% (74) 77% (91) 0.89
 Betablocker 83% (79) 67% (79) 0.007
 MRA 13% (12) 18% (21) 0.30
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increasing evidence of beneficial LV remodeling due to 
restoration of SR by catheter ablation of AF [9, 22, 23]. 
In the Catheter Ablation versus Standard Conventional 
Therapy in Patients with Left Ventricular Dysfunction 
and Atrial Fibrillation (CASTLE-AF) trial, catheter abla-
tion of AF was associated with improved overall survival 
and reduced rehospitalization in patients with LV dysfunc-
tion [24]. Another important secondary endpoint in this 
study was a change in LV-EF showing an increase of 8.0% 
in the ablation group versus 0.2% in the control group 

(p = 0.005). Besides an increase in LV-EF, Prabhu et al. 
showed a reduction in LA and LV volumes in patients 
after catheter ablation compared to controls with medical 
rate control [23]. Another study also revealed a signifi-
cant decrease of LVMI in patients treated by catheter abla-
tion compared to rate control [25]. No data are available 
regarding the different LV remodeling capacities between 
patients in SR and AF after TAVR. Jin et al. showed in 
their small study assessing 89 patients after surgical AVR 
for AS or aortic regurgitation a significantly higher LVMI 

Table 2  Echocardiographic 
findings

LVMI left ventricular mass index, LVH left ventricular hypertrophy, LVEDD left ventricular end-diastolic 
diameter, LVESD left ventricular endsystolic diameter, LV-EF left ventricular ejection fraction, LA left 
atrial, AV aortic valve, TAPSE tricuspid annular plane systolic excursion, RV right ventricular, RA right 
atrial

Atrial fibrillation 
(N = 95)

Sinus rhythm 
(N = 118)

p value

Baseline
 LVMI (g/m2) 182 ± 62 176 ± 61 0.45
 Severe LVH 79% (74) 78% (92) 0.89
 LVEDD (mm) 46 ± 8 46 ± 7 0.86
 LVESD (mm) 33 ± 10 33 ± 6 0.80
 LV septal wall (mm) 14 ± 2 14 ± 2 0.92
 LV posterior wall (mm) 13 ± 2 12 ± 2 0.42
 LV-EF (%) 53 ± 11 53 ± 9 0.68
 LA diameter (mm) 48 ± 11 43 ± 7 0.004
 AV area  (cm2) 0.9 ± 0.2 0.8 ± 0.2 0.28
 AV mean gradient (mmHg) 41 ± 13 45 ± 14 0.02
 TAPSE (mm) 20 ± 4 22 ± 5 0.003
 RV diameter (mm) 33 ± 4 31 ± 4 0.02
 RV-RA gradient (mmHg) 40 ± 13 39 ± 15 0.70
 Mitral regurgitation ≥ moderate (%) 21 12 0.07
 Tricuspid regurgitation ≥ moderate (%) 16 2 < 0.001

Follow-up
 LVMI (g/m2) 173 ± 61 154 ± 55 0.02
 Severe LVH 74% (70) 55% (65) 0.005
 Absolute change in LVMI (g/m2) − 10 ± 54 − 22 ± 52 0.12
 Relative change in LVMI (%) − 2 ± 28 − 9 ± 29 0.04
 LVEDD (mm) 47 ± 8 44 ± 6 0.003
 LVESD (mm) 33 ± 8 31 ± 6 0.07
 LV septal wall (mm) 13 ± 2 13 ± 2 0.23
 LV posterior wall (mm) 12 ± 2 12 ± 2 0.79
 LV-EF (%) 52 ± 11 56 ± 7 0.004
 LA diameter (mm) 48 ± 12 44 ± 28 0.01
 AV area  (cm2) 1.8 ± 0.4 1.7 ± 0.3 0.29
 AV mean gradient (mmHg) 10 ± 4 10 ± 3 0.84
 Aortic regurgitation ≥ moderate (%) 0 0 –
 TAPSE (mm) 19 ± 4 21 ± 4 0.001
 RV diameter (mm) 33 ± 5 31 ± 5 0.02
 RV-RA gradient (mmHg) 37 ± 11 34 ± 12 0.22
 Mitral regurgitation ≥ moderate (%) 21 6 0.001
 Tricuspid regurgitation ≥ moderate (%) 23 3 < 0.001
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in non-SR compared SR during follow-up (163 ± 8 vs. 
131 ± 7 g/m2; p = 0.001), which is in line with our results.

Possible explanations for the association of AF with 
sustained LVH include AF-induced tachycardiomopathy. 
Histopathological analysis revealed inflammation-medi-
ated diameter increase of cardiomyocytes and interstitial 
fibrosis in patients with tachycardiomopathy [26]. Even 
irrespective of tachycardiomopathy, AF was found to be 
associated with more severe LV fibrosis compared to SR 
[27]. Interstitial LV fibrosis is known to play a central role 
regarding the remodeling capacity of the LV. After catheter 

ablation of patients with LV dysfunction, the increase in 
LV-EF was found to be significantly higher in subjects with-
out fibrosis compared to those with fibrosis on CMR scans 
(+ 22% vs. + 12%; p = 0.007) [23]. Only recently, Puls et al. 
detected greater reverse LV remodeling by means of LVMI 
and LVEDD after TAVR in patients with less interstitial LV 
fibrosis detected by LV biopsy [28]. Furthermore, AF can 
lead to loss of atrioventricular synchrony and various cycle 
length in the LV. Irregular cycle length in AF is known to 
lead to unfavorable hemodynamics including increased LV 
pressure [10], which results in increased wall stress and, 

Table 3  Procedural details and 
hospital outcome

RBBB right bundle branch block, LBBB left bund branch block, AV aortic valve, AR aortic regurgitation

Atrial fibrillation 
(N = 95)

Sinus rhythm (N = 118) p value

Procedural details
 Transfemoral access 89% (105) 86% (81) 0.54

Prosthesis type
 Sapien S3 75% (72) 81% (96) 0.59
 Evolut R 19% (18) 15% (18)
 Other 5% (5) 3% (4)

Prosthesis size (mm) 25.6 ± 2.4 26.2 ± 3.0 0.10
Hospital outcome
 Myocardial infarction 1% (1) 0% (0) 0.44
 Stroke 1% (1) 1% (1) 1.00
 Minor vascular complications 13% (12) 13% (15) 0.97
 Major vascular complications 3% (3) 2% (2) 0.66
 Minor bleeding 8% (7) 5% (6) 0.57
 Major bleeding 4% (4) 3% (3) 0.70
 Life-threatening bleeding 2% (2) 1% (1) 0.58
 Acute kidney injury stage 1 1% (1) 1% (1) 1.00
 Acute kidney injury stage 2 1% (1) 1% (1) 1.00
 Acute kidney injury stage 3 3% (3) 3% (4) 1.00
 New RBBB 2% (2) 0% (0) 0.09
 New LBBB 8% (7) 3% (3) 0.09
 New pacemaker 11% (10) 9% (11) 0.73
 AV area  (cm2) 1.70 ± 0.39 1.71 ± 0.41 0.26
 AV mean gradient (mmHg) 10.2 ± 3.5 9.9 ± 4.6 0.21
 Paravalvular AR ≥ moderate 0% (0) 0% (0) –

Fig. 2  Changes in LV remode-
ling parameters in patients with 
AF versus SR. In contrast to 
AF, patients in SR experienced 
a significant reduction in LVMI 
(a), reduction in LVEDD (b) 
and increase in LV-EF (c)
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ultimately, increased wall thickness [29]. In this context, one 
can speculate that reduced residual aortic valve area and 
increased residual transvalvular gradients may be associated 
with worse remodeling after TAVR. However, neither our 
study nor the PARTNER sub-analysis [11, 12] observed such 
association. Either the differences in residual gradients are 
too small to have a meaningful clinical relevance or other 
factors such as AF or baseline LVMI have a much greater 
effect on remodeling than these prosthesis parameters. In the 
present study, AF patients had more often chronic renal fail-
ure, which is known to be associated with LV hypertrophy 
and fibrosis [30]. This might be another factor for the limited 
reverse remodeling process in those with AF.

Our study adds further insights regarding the impact 
of AF after TAVR beyond the already discussed stroke 
and bleeding risk. The present results may stimulate the 
development of new therapeutic strategies of AF patients 
after TAVR. For example, restoration of SR by catheter 
ablation techniques could be beneficial. While the impact 
on stroke and bleeding events is uncertain, there is large 

evidence for improved LV remodeling with such therapy 
as described above. Besides favorable LV remodeling, this 
therapy may improve clinical outcome too. A propensity-
score matched analysis from McCarthy et al. showed that 
surgical ablation of AF concomitant with cardiac surgery 
including surgical AVR in almost one half of the cases 
was associated with significantly higher long-term sur-
vival compared to patients who did not undergo ablation. 
Furthermore, survival was similar between patients with 
ablation-treated AF and those without AF [31]. Another 
option might be the consequent use of renin-angiotensin 
system blockers in patients with AF since they were found 
to be associated with LV mass regression and improved 
clinical outcome after TAVR [32, 33].

Limitations

First, we are not able to definitively exclude that some 
patients in the SR group had AF since long-term EKG 
was not part of the protocol and, therefore, was not rou-
tinely performed. Second, the sample size was limited 
possibly leading to suboptimal statistical robustness and 
risk of type II error. Third, LV mass and remodeling were 
assessed using echocardiography. Despite this is a widely 
used and validated method magnetic resonance imaging 
and cardiac tissue biopsy could have added more detailed 
information regarding fibrosis and cellular alterations. 
Fourth, detection of AF during follow-up was based on 
single 12-lead EKGs and no routine holter EKG moni-
toring was performed. Therefore, it cannot be excluded 
that some patients in the SR group developed AF during 
follow-up. Fifth, echocardiographic follow-up was lim-
ited to 12 months and clinical follow-up was limited to 
18 months. A longer observation time could enable the 
detection of larger changes in LV remodeling and a higher 
number of clinical events. Finally, since patients who died 
before the 12 months echocardiographic follow-up were 
excluded a certain survival bias cannot be ruled out.

Fig. 3  Association of AF prevalence in different classes of LVH 
severity at 1-year follow-up. The proportion of AF in various groups 
of LVH severity showed increasing AF prevalence in higher classes 
of LVH severity

Table 4  Multivariable linear 
regression with the relative 
change in LVMI as the 
independent variable

ACE angiotensin-converting enzyme, ARB angiotensin II receptor blocker, LVMI left ventricular mass 
index

Regression coefficient ß (95% CI) p value

Age 0.001 (− 0.004 to 0.006) 0.35
Female − 0.035 (− 0.111 to 0.040) 0.36
Mitral regurgitation ≥ moderate − 0.027 (− 0.131 to 0.077) 0.61
ACE inhibitor/ARB − 0.058 (− 0.146 to 0.030) 0.13
Pacemaker at baseline 0.101 (− 0.010 to 0.212) 0.08
LVMI at baseline − 0.002 (− 0.002 to − 0.001) < 0.001
Atrial fibrillation 0.076 (0.001–0.150) 0.04
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Conclusion

The present study showed for the first time that AF has a 
strong impact on LV remodeling after TAVR. Patients with 
AF showed less LVMI regression, which was associated 
with an increased rate of the composite endpoint of mortal-
ity and cardiac rehospitalization.

Supplementary Information The online version contains supplemen-
tary material available at https ://doi.org/10.1007/s0039 2-021-01810 -5.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Compliance with ethical standards 

Conflict of interest All Authors declare that they have no conflict of 
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson 
LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, Brown DL, 
Block PC, Guyton RA, Pichard AD, Bavaria JE, Herrmann HC, 
Douglas PS, Petersen JL, Akin JJ, Anderson WN, Wang D, Poc-
ock S, Investigators PT (2010) Transcatheter aortic-valve implan-
tation for aortic stenosis in patients who cannot undergo surgery. 
N Engl J Med 363:1597–1607

 2. Vora AN, Dai D, Matsuoka R, Harrison JK, Hughes GCT, Sher-
wood MW, Piccini JP, Bhardwaj B, Lopes RD, Cohen D, Hol-
mes DR Jr, Thourani VH, Peterson E, Kirtane A, Kapadia S, 
Vemulapalli S (2018) Incidence, management, and associated 
clinical outcomes of new-onset atrial fibrillation following tran-
scatheter aortic valve replacement: an analysis from the STS/
ACC TVT registry. JACC Cardiovasc Interv 11:1746–1756

 3. Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Son-
dergaard L, Mumtaz M, Adams DH, Deeb GM, Maini B, Gada 
H, Chetcuti S, Gleason T, Heiser J, Lange R, Merhi W, Oh 
JK, Olsen PS, Piazza N, Williams M, Windecker S, Yakubov 
SJ, Grube E, Makkar R, Lee JS, Conte J, Vang E, Nguyen H, 
Chang Y, Mugglin AS, Serruys PW, Kappetein AP, Investiga-
tors S (2017) Surgical or transcatheter aortic-valve replacement 
in intermediate-risk patients. N Engl J Med 376:1321–1331

 4. Mentias A, Saad M, Girotra S, Desai M, Elbadawi A, Bria-
soulis A, Alvarez P, Alqasrawi M, Giudici M, Panaich S, Hor-
witz PA, Jneid H, Kapadia S, Vaughan SM (2019) Impact of 
pre-existing and new-onset atrial fibrillation on outcomes after 
transcatheter aortic valve replacement. JACC Cardiovasc Interv 
12:2119–2129

 5. Tarantini G, Mojoli M, Windecker S, Wendler O, Lefevre T, 
Saia F, Walther T, Rubino P, Bartorelli AL, Napodano M, 
D’Onofrio A, Gerosa G, Iliceto S, Vahanian A (2016) Preva-
lence and impact of atrial fibrillation in patients with severe 

Fig. 4  Kaplan–Meier estimated event-free of death and rehospitali-
zation (a) and event-free of death (b) depending on cardiac rhythm 
and LVMI regression. A decrease of the combined endpoint of event-
free of all-cause death or cardiac rehospitalization was observed 

across the 4 groups depending on AF or SR as well as the presence 
or absence of LVMI regression. The lowest rate was identified in the 
group with AF and absence of LV mass regression (a). No statistical 
significance was reached when only assessing mortality (b)

https://doi.org/10.1007/s00392-021-01810-5
http://creativecommons.org/licenses/by/4.0/


697Clinical Research in Cardiology (2021) 110:689–698 

1 3

aortic stenosis undergoing transcatheter aortic valve replace-
ment: an analysis from the SOURCE XT prospective multi-
center registry. JACC Cardiovasc Interv 9:937–946

 6. Chopard R, Teiger E, Meneveau N, Chocron S, Gilard M, Laskar 
M, Eltchaninoff H, Iung B, Leprince P, Chevreul K, Prat A, 
Lievre M, Leguerrier A, Donzeau-Gouge P, Fajadet J, Mouillet 
G, Schiele F, Investigators F- (2015) Baseline characteristics and 
prognostic implications of pre-existing and new-onset atrial fibril-
lation after transcatheter aortic valve implantation: results from 
the FRANCE-2 registry. JACC Cardiovasc Interv 8:1346–1355

 7. Mojoli M, Gersh BJ, Barioli A, Masiero G, Tellaroli P, D’Amico 
G, Tarantini G (2017) Impact of atrial fibrillation on outcomes 
of patients treated by transcatheter aortic valve implantation: a 
systematic review and meta-analysis. Am Heart J 192:64–75

 8. Tarantini G, Mojoli M, Urena M, Vahanian A (2017) Atrial fibril-
lation in patients undergoing transcatheter aortic valve implanta-
tion: epidemiology, timing, predictors, and outcome. Eur Heart J 
38:1285–1293

 9. Kowallick JT, Staab W, Schuster A, Backhaus SJ, Weber-Kruger 
M, Bauer L, Sohns C, Lotz J, Hasenfuss G, Luthje L, Zabel M, 
Bergau L (2019) Reverse left ventricular structural remodeling 
after catheter ablation of atrial fibrillation in patients with pre-
served left ventricular function: insights from cardiovascular mag-
netic resonance native T1 mapping. Heart Rhythm 16:424–432

 10. Clark DM, Plumb VJ, Epstein AE, Kay GN (1997) Hemodynamic 
effects of an irregular sequence of ventricular cycle lengths during 
atrial fibrillation. J Am Coll Cardiol 30:1039–1045

 11. Chau KH, Douglas PS, Pibarot P, Hahn RT, Khalique OK, Jaber 
WA, Cremer P, Weissman NJ, Asch FM, Zhang Y, Gertz ZM, 
Elmariah S, Clavel MA, Thourani VH, Daubert M, Alu MC, Leon 
MB, Lindman BR (2020) Regression of left ventricular mass after 
transcatheter aortic valve replacement: the PARTNER trials and 
registries. J Am Coll Cardiol 75:2446–2458

 12. Lindman BR, Stewart WJ, Pibarot P, Hahn RT, Otto CM, Xu K, 
Devereux RB, Weissman NJ, Enriquez-Sarano M, Szeto WY, 
Makkar R, Miller DC, Lerakis S, Kapadia S, Bowers B, Greason 
KL, McAndrew TC, Lei Y, Leon MB, Douglas PS (2014) Early 
regression of severe left ventricular hypertrophy after transcath-
eter aortic valve replacement is associated with decreased hospi-
talizations. JACC Cardiovasc Interv 7:662–673

 13. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, 
Iung B, Lancellotti P, Lansac E, Rodriguez Munoz D, Rosenhek 
R, Sjogren J, Tornos Mas P, Vahanian A, Walther T, Wendler O, 
Windecker S, Zamorano JL, Group ESCSD (2017) 2017 ESC/
EACTS Guidelines for the management of valvular heart disease. 
Eur Heart J 38:2739–2791

 14. Baumgartner HC, Hung JC-C, Bermejo J, Chambers JB, Edvard-
sen T, Goldstein S, Lancellotti P, LeFevre M, Miller F Jr, Otto CM 
(2017) Recommendations on the echocardiographic assessment of 
aortic valve stenosis: a focused update from the European Asso-
ciation of Cardiovascular Imaging and the American Society of 
Echocardiography. Eur Heart J Cardiovasc Imaging 18:254–275

 15. Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster 
E, Grayburn PA, Hahn RT, Han Y, Hung J, Lang RM, Little SH, 
Shah DJ, Shernan S, Thavendiranathan P, Thomas JD, Weiss-
man NJ (2017) Recommendations for noninvasive evaluation of 
native valvular regurgitation: a report from the american society 
of echocardiography developed in collaboration with the society 
for cardiovascular magnetic resonance. J Am Soc Echocardiogr 
30:303–371

 16. Zoghbi WA, Asch FM, Bruce C, Gillam LD, Grayburn PA, 
Hahn RT, Inglessis I, Islam AM, Lerakis S, Little SH, Siegel RJ, 
Skubas N, Slesnick TC, Stewart WJ, Thavendiranathan P, Weiss-
man NJ, Yasukochi S, Zimmerman KG (2019) Guidelines for 
the evaluation of valvular regurgitation after percutaneous valve 
repair or replacement: a report from the American Society of 

Echocardiography developed in collaboration with the society for 
cardiovascular angiography and interventions, Japanese Society 
of Echocardiography, and Society for Cardiovascular Magnetic 
Resonance. J Am Soc Echocardiogr 32:431–475

 17. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, 
Ernande L, Flachskampf FA, Foster E, Goldstein SA, Kuznetsova 
T, Lancellotti P, Muraru D, Picard MH, Rietzschel ER, Rudski 
L, Spencer KT, Tsang W, Voigt JU (2015) Recommendations for 
cardiac chamber quantification by echocardiography in adults: 
an update from the American Society of Echocardiography and 
the European Association of Cardiovascular Imaging. J Am Soc 
Echocardiogr 28:1-39.e14

 18. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster 
E, Pellikka PA, Picard MH, Roman MJ, Seward J, Shanewise 
JS, Solomon SD, Spencer KT, Sutton MS, Stewart WJ, Cham-
ber Quantification Writing G, American Society of Echocardi-
ography’s G, Standards C, European Association of E (2005) 
Recommendations for chamber quantification: a report from 
the American Society of Echocardiography’s Guidelines and 
Standards Committee and the Chamber Quantification Writing 
Group, developed in conjunction with the European Associa-
tion of Echocardiography, a branch of the European Society of 
Cardiology. J Am Soc Echocardiogr 18:1440–1463

 19. Kappetein AP, Head SJ, Genereux P, Piazza N, van Mieghem 
NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es 
GA, Hahn RT, Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, 
Mehran R, Rodes-Cabau J, Vranckx P, Webb JG, Windecker S, 
Serruys PW, Leon MB (2012) Updated standardized endpoint 
definitions for transcatheter aortic valve implantation: the Valve 
Academic Research Consortium-2 consensus document. Eur 
Heart J 33:2403–2418

 20. Hennersdorf MG, Schueller PO, Steiner S, Strauer BE (2007) 
Prevalence of paroxysmal atrial fibrillation depending on the 
regression of left ventricular hypertrophy in arterial hyperten-
sion. Hypertens Res 30:535–540

 21. Okin PM, Wachtell K, Devereux RB, Harris KE, Jern S, Kjeld-
sen SE, Julius S, Lindholm LH, Nieminen MS, Edelman JM, 
Hille DA, Dahlof B (2006) Regression of electrocardiographic 
left ventricular hypertrophy and decreased incidence of new-
onset atrial fibrillation in patients with hypertension. JAMA 
296:1242–1248

 22. Hunter RJ, Berriman TJ, Diab I, Kamdar R, Richmond L, Baker V, 
Goromonzi F, Sawhney V, Duncan E, Page SP, Ullah W, Unsworth 
B, Mayet J, Dhinoja M, Earley MJ, Sporton S, Schilling RJ (2014) 
A randomized controlled trial of catheter ablation versus medical 
treatment of atrial fibrillation in heart failure (the CAMTAF trial). 
Circ Arrhythm Electrophysiol 7:31–38

 23. Prabhu S, Taylor AJ, Costello BT, Kaye DM, McLellan AJA, 
Voskoboinik A, Sugumar H, Lockwood SM, Stokes MB, Pathik 
B, Nalliah CJ, Wong GR, Azzopardi SM, Gutman SJ, Lee G, 
Layland J, Mariani JA, Ling LH, Kalman JM, Kistler PM (2017) 
Catheter ablation versus medical rate control in atrial fibrillation 
and systolic dysfunction: the CAMERA-MRI study. J Am Coll 
Cardiol 70:1949–1961

 24. Marrouche NF, Kheirkhahan M, Brachmann J (2018) Catheter 
ablation for atrial fibrillation with heart failure. N Engl J Med 
379:492

 25. Kim KH, Na JO, Nam GB, Jin ES, Choi H, Kim SH, Choi KJ, 
Kim YH (2011) Effect of catheter ablation on the left ventricular 
mass index and other echocardiograph parameters in atrial fibril-
lation patients: comparison with antiarrhythmic drug treatment. J 
Echocardiogr 9:51–58

 26. Mueller KAL, Heinzmann D, Klingel K, Fallier-Becker P, Kandolf 
R, Kilias A, Walker-Allgaier B, Borst O, Kumbrink J, Kirchner T, 
Langer H, Geisler T, Schreieck J, Gramlich M, Gawaz M, Seizer 
P (2017) Histopathological and immunological characteristics 



698 Clinical Research in Cardiology (2021) 110:689–698

1 3

of tachycardia-induced cardiomyopathy. J Am Coll Cardiol 
69:2160–2172

 27. Ling LH, Kistler PM, Ellims AH, Iles LM, Lee G, Hughes GL, 
Kalman JM, Kaye DM, Taylor AJ (2012) Diffuse ventricular 
fibrosis in atrial fibrillation: noninvasive evaluation and relation-
ships with aging and systolic dysfunction. J Am Coll Cardiol 
60:2402–2408

 28. Puls M, Beuthner BE, Topci R, Vogelgesang A, Bleckmann A, 
Sitte M, Lange T, Backhaus SJ, Schuster A, Seidler T, Kutschka 
I, Toischer K, Zeisberg EM, Jacobshagen C, Hasenfuss G (2020) 
Impact of myocardial fibrosis on left ventricular remodelling, 
recovery, and outcome after transcatheter aortic valve implanta-
tion in different haemodynamic subtypes of severe aortic stenosis. 
Eur Heart J 41:1903–1914

 29. Alter P, Koczulla AR, Nell C, Figiel JH, Vogelmeier CF, Rominger 
MB (2016) Wall stress determines systolic and diastolic function–
characteristics of heart failure. Int J Cardiol 202:685–693

 30. Kaesler N, Babler A, Floege J, Kramann R (2020) Cardiac remod-
eling in chronic kidney disease. Toxins (Basel) 12:161

 31. McCarthy PM, Manjunath A, Kruse J, Andrei AC, Li Z, McGee 
EC Jr, Malaisrie SC, Lee R (2013) Should paroxysmal atrial fibril-
lation be treated during cardiac surgery? J Thorac Cardiovasc Surg 
146:810–823

 32. Inohara T, Manandhar P, Kosinski AS, Matsouaka RA, Kohsaka 
S, Mentz RJ, Thourani VH, Carroll JD, Kirtane AJ, Bavaria JE, 
Cohen DJ, Kiefer TL, Gaca JG, Kapadia SR, Peterson ED, Vemu-
lapalli S (2018) Association of renin-angiotensin inhibitor treat-
ment with mortality and heart failure readmission in patients with 
transcatheter aortic valve replacement. JAMA 320:2231–2241

 33. Ochiai T, Saito S, Yamanaka F, Shishido K, Tanaka Y, Yamabe 
T, Shirai S, Tada N, Araki M, Naganuma T, Watanabe Y, Yama-
moto M, Hayashida K (2018) Renin-angiotensin system block-
ade therapy after transcatheter aortic valve implantation. Heart 
104:644–651


	Impact of sinus rhythm versus atrial fibrillation on left ventricular remodeling after transcatheter aortic valve replacement
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patient population
	AF detection
	Echocardiography
	Procedure
	Endpoint definitions
	Statistical methods

	Results
	Baseline characteristics
	Cardiac remodeling
	Clinical outcome

	Discussion
	Limitations

	Conclusion
	References




