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Atrial fibrillation before and after transcatheter aortic valve
implantation: short- and long-term clinical implications
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Background Patients with atrial fibrillation (AF)
undergoing transcatheter aortic valve implantation (TAVI)
have been associated with worse short-term outcomes
compared with patients in sinus rhythm but data on long-
term outcomes are limited. The aim of our study was to
evaluate the association between AF and short- and long-
term outcomes in patients undergoing TAVI.

Methods We retrospectively evaluated patients
undergoing TAVI between 2012 and 2022 in four tertiary
centres. Two different analyses were conducted: (i) in-
hospital and (ii) postdischarge analysis. First, we evaluated
the association between preexisting AF and short-term
outcomes according to VARC-3 criteria. Second, we
analyzed the association between AF at discharge (defined
as both preexisting and new-onset AF occurring after TAVI)
and long-term outcomes at median follow-up of 3.2 years
(i.e. all-cause death, hospitalization and major adverse
cardiovascular events).

Results A total of 759 patients were initially categorized
according to the presence of preexisting AF (241 vs. 518
patients). The preexisting AF group had a higher
occurrence of acute kidney injury [odds ratio (OR) 1.65;
95%confidence interval ( CI) 1.15–2.38] andmajor bleeding
(OR 1.86, 95%CI 1.06–3.27). Subsequently, the population
was categorized according to the presence of AF at
discharge. At the adjusted Cox regression analysis, AFwas
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independently associated with an increased risk of all-
cause death and cardiovascular hospitalization [adjusted
hazard ratio (aHR) 1.42, 95%CI 1.09–1.86], all-cause death
and all-cause hospitalization (aHR 1.38, 95% CI 1.06–1.78)
and all-cause hospitalization (aHR 1.59, 95% CI 1.14.2.22).

Conclusions In a real-world cohort of patients undergoing
TAVI, the presence of AF (preexisting and new-onset) was
independently associated with both short- and long-term
adverse outcomes.
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Introduction
Aortic valve stenosis (AS) is the most common acquired
valvular heart disease in developed countries.1 Transcath-
eter aortic valve implantation (TAVI) has proven to be
comparable or even better than surgery in all risk groups
and not only in those considered unsuitable for surgical
aortic valve replacement (SAVR) or older than 75 years
and with multiple comorbidities.2–4

With the expansion of TAVI intervention, it is essential to
evaluate which risk factors predict clinical outcomes.5,6

Despite its lower invasiveness compared with SAVR,
TAVI is not even free from complications.7 Preexisting
atrial fibrillation (AF) in patients undergoing TAVI is
common, being reported in up to 51%, and new-onset
AF is frequently detected during the peri-procedural
period.8 For this reason, AF impact on the prognosis
of patients undergoing TAVI is a remarkable topic.8

However, despite the frequency of AF after the TAVI
procedure and its impact on the following management
and clinical outcomes, real-world data are limited.

Accordingly, the aim of the present study is to evaluate the
impact of AF in patients treated with TAVI on the main
cardiovascular outcomes, both in the immediate postpro-
cedural in-hospital course and in postdischarge long-term
follow-up.
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Methods
Study design and cohort
In this multicentre and observational study, we retrospec-
tively evaluated 759 patients with severe AS undergoing
TAVI in four tertiary centres of Italy (North-West area of
the Emilia Romagna, a region of the Northern Italy)
between 2012 and 2022: (i) University Hospital Modena,
(ii) S. Agostino Estense Baggiovara, (iii) University
Hospital Parma, and (iv) St. Maria Nuova Hospital of
Reggio Emilia.

All patients with severe aortic stenosis, diagnosed by
echocardiography following the recommendations of the
European and American Societies of Echocardiography,9

were included in the present analysis. Both high-gradient
aortic stenosis (mean gradient � 40mmHg, peak velocity
� 4.0m/s and valve area � 1cm2 or � 0.6 cm2/m2)
and low-flow low-gradient aortic stenosis (mean gradient
< 40mmHg, valve area < 1cm2, Svi � 35ml/m2) types
were included.2 Prior to the intervention, sociodemo-
graphic parameters, echocardiographic data and comor-
bidities were collected. All the screening and preoperatory
assessments included coronary angiography, transtho-
racic echocardiography, contrast-enhanced multislice
computer tomography scan of the chest and abdomen
to assess aortic, iliac and femoral vessels with the evalu-
ation of calcium amount.10

Eligibility for TAVI was assessed by the local Heart Team
involving cardiac surgeons, interventional and clinical car-
diologists and echocardiographers. Patients were classi-
fied according to the Society of Thoracic Surgeons (STS)
score (high risk>8%, intermediate risk 4–8% and low risk
<4%) and evaluated for percutaneous intervention
according to current international recommendations.2

Motivations to refuse SAVR were the presence of con-
tra-indications to cardiac surgery, e.g. porcelain aorta,
frailty, and previous radiation therapy of the chest. The
access site was evaluated based on the measurements of
preprocedural multislice computed tomography scan.
Valve implantation was performed via either a transfe-
moral (percutaneous or surgical) or a nontransfemoral
approach (transaxillary or direct aortic). No transapical
approaches were performed in our cohort. The prosthetic
valve sizing and model (balloon expandable vs. self-ex-
pandable) were selected according to operators’ choice
and patients’ characteristics. Clinical, echocardiographic,
and procedural data were recorded by individual centres in
a single, anonymized database.

Study outcomes
In order to evaluate the impact of AF in patients with TAVI
on clinical outcomes, two different analyses were con-
ducted: (i) ‘in-hospital’ and (ii)‘postdischarge’ analysis.
The in-hospital analysis considered patients categorized
into two groups: (i) ‘no history of AF’ and (ii) ‘preexisting
AF’ defined as the presence of clinical AF independently of
the pattern (i.e. paroxysmal, persistent or permanent).11,12

We evaluated the association between preexisting AF and
short-term in-hospital outcomes, defined according to the
Valve Academic Research Consortium-3 (VARC-3) con-
sensus document.13 The composite of VARC-3 short-term
outcome [acute kidney injury (AKI), stroke/TIA, minor
bleeding, major bleeding, major vascular complication,
minor vascular complication, need to pacemaker (PM)
implantation, new left bundle branch block, new right
bundle branch block, in-hospital death and cardiac tam-
ponade] was considered as the primary in-hospital end
point. The single components of the primary in-hospital
composite outcome were considered as secondary in-
hospital end points.

In the postdischarge analysis, we compared patients with-
out history of AF vs clinical AF at the end of hospitalization,
defined as both preexisting and new-onset AF that oc-
curred after TAVI.14 For this second analysis, the com-
posite of all-cause death and cardiovascular (CV)
hospitalization in the long term was the primary post-
discharge end point. Secondary postdischarge long-term
outcomes were all-cause death, all-cause hospitalization,
and major adverse cardiovascular events (MACE), de-
fined as the composite of stroke/TIA, myocardial infarc-
tion, and CV death.

Statistical analysis
Continuous variables were expressed as mean
� standard deviation (SD) and compared using analysis
of variance (one-way ANOVA). Categorical variables
were reported as counts and percentages and compared
using Pearson chi-square or Fisher's exact test when
appropriate.

For the in-hospital analysis, we used unadjusted logistic
regression to establish the relationship between preexisting
AF and individual VARC-3 outcomes (AKI, stroke/TIA,
minor bleeding, major bleeding, major vascular complica-
tion, minor vascular complication, all bleeding, need to PM
implantation, new left bundle branchblock, new right bundle
branch block, in-hospital death, and cardiac tamponade).
Furthermore, we built an adjusted logistic regressionmodel
to evaluate the association between preexisting AF and the
primary in-hospital composite outcome of VARC-3 and the
secondary outcomes of AKI and major bleeding. We fo-
cused on these two individual end points given their known
clinical implications in AF patients undergoing TAVI. Age,
sex, arterial hypertension, diabetes mellitus, renal function
(evaluated according to CKD-EPI), previous stroke, previ-
ous coronary artery disease and left ventricular ejection
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fraction (LVEF) were used as adjustments. Results
were expressed as odds ratio (OR) and 95% confidence
interval (CI)

For the postdischarge analysis, we explored the relation-
ship between AF at discharge (new onset or history of AF)
and long-term outcomes. Plots of Kaplan–Meier curves
for the composite primary postdischarge end point of all-
cause death and CV hospitalization and secondary post-
discharge end points (all-cause death, all-cause hospitali-
zation, and MACE) according to AF at discharge were
performed. Survival distributions were compared using the
Log-Rank test.

Unadjusted and adjusted Cox regression analyses were
performed for the postdischarge long-term outcomes. The
same adjusted regression model as described above was
used. The hazard ratio (HR) and the corresponding 95%
CI, were reported.

All statistical analyses were performed using IBM SPSS
Statistics 26.0 (IBM Corp., Armonk, NY).

Results
A total of 759 patients were included, equally distributed by
gender (402 females, 50.3%) with a mean age of 82.2
�5.2 years. Two different analyses were conducted: (i) ‘in-
hospital’ and (ii)‘postdischarge’ analysis.

In-hospital analysis
In the in-hospital analysis, we considered a total of
759 patients admitted for a TAVI procedure and stratified
according to history of AF (‘no AF history’ ¼ 518, 68.2%
vs. ‘preexisting AF’ ¼ 241, 31.8%). Baseline character-
istics of the two groups are summarized in Table 1. In the
preexisting AF group, patients showed higher rates of
previous stroke, prior PM implantation and moderate/
severe mitral regurgitation (Table 1). No differences
were observed among groups regarding age, main CV
risk factors (including hypertension, diabetes mellitus,
smoking habit), access site, device type and amount
of contrast medium used during the TAVI procedure
(Table 1).

Table 2 shows the crude rates and the unadjusted OR
with the corresponding 95% CI for the in-hospital adverse
events according to the history of AF. Overall, 447
(58.8%) patients experienced at least one event of pri-
mary in-hospital composite outcome (VARC-3) without
significant differences between the two groups. Consid-
ering the individual components of the primary in-hospital
outcome, patients with a history of AF showed signifi-
cantly higher rates of AKI and major bleeding. There
were no statistically significant differences between the
two groups regarding the occurrence of in-hospital death,
stroke/TIA, bleedings, vascular complications, PM im-
plantation, new-onset bundle branch blocks, and cardiac
tamponade (Table 2).

At the adjusted logistic regression analysis, preexisting AF
was independently associated with a higher occurrence of
AKI [adjusted OR (aOR) 1.65, 95% CI 1.13–2.41] and a
trend toward a higher occurrence of major bleeding (aOR
1.77, 95% CI 0.99–3.16) (Table 3).

Postdischarge analysis
Nine patients died during the index hospitalization and a
total of 750 patients were considered for the postdischarge
analysis (397 females, 52.9%). As shown in Table 4, a
total of 275 (36.6%) patients had a diagnosis of AF at
discharge, including preexisting AF (241 patients) and
new-onset AF (34 patients).

Table 5 shows the comparison of the crude rates of major
adverse events among the two groups. Themedian follow-
up period was 3.2 years (range: from 1 to 5 years).

Overall, 227 (30.3%) patients experienced all-cause death
or hospital readmissions for CV reasons. The occurrence
of the composite outcomes of all-cause death/CV hospi-
talization and all-cause death/all-cause hospitalization
was higher in the AF patients (35.6% and 38.2% respec-
tively). These findings were consistent also when consid-
ering all-cause death and hospitalization alone (Table 5).
There were no significant differences regarding the com-
posite outcome of MACE (Table 5).

Kaplan–Meier curves for the primary and secondary post-
discharge end points are shown in Fig. 1.

The unadjusted and adjusted Cox regression analyses
estimating the association between AF at discharge and
long-term clinical outcomes are reported in Table 6.

At the unadjusted Cox regression analysis, AF at dis-
charge was associated with a higher risk of all-cause
death and CV hospitalization (HR 1.47, 95% CI 1.13–
1.91), all-cause death and all-cause hospitalization
(HR 1.42, 95% CI 1.10–1.83) and hospitalization alone
(HR 1.70, 95% CI 1.23–1.37). The adjusted Cox regres-
sion analysis showed consistent results: AF at discharge
was independently associated with an increased risk of
all-cause death and CV hospitalization [adjusted HR
(aHR) 1.42, 95% CI 1.09–1.86], all-cause death and all-
cause hospitalization (aHR 1.38, 95% CI 1.06–1.78) and
hospitalization alone (aHR 1.59, 95% CI 1.14–2.22). No
statistically significant association was observed between
AF at discharge and MACE, while there was a nonsignifi-
cant trend towards a higher risk of all-cause death (aHR
1.30, 95% CI 0.94–1.80) (Table 6).
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Table 1 In-hospital analysis. baseline characteristics of the cohort stratified by ‘no AF history’ until TAVI procedure vs.
‘preexisting AF’

No AF history
n¼518 (68.2%)

Preexisting AF
n¼241 (31.8%) P-value

Age and anthropometric factors
Age Years�SD 82.3�5.3 82.1�5.1 0.63
Sex F % 55.0 (n¼285) 48.5 (n¼117) 0.22
BMI n 26.5�4.6 26.7�4.9 0.98

CV risk factors and comorbidity
Diabetes mellitus % 26.3 (n¼136) 25.3 (n¼61) 0.78
Dyslipidemia % 68.7 (n¼356) 66.0 (n¼159) 0.24
Hypertension % 89.6 (n¼464) 91.3 (n¼220) 0.46
CHA2DS2VASC score Mean�SD 4.36�0.9 4.36�1.0 0.34
Chronic pulmonary disease % 16.8 (n¼87) 17.8 (n¼43) 0.80
Cancer history % 12.4 (n¼64) 11.7 (n¼28) 0.78
Prior Stroke % 8.5 (n¼44) 14.9 (n¼36) 0.007
Prior myocardial infarction % 16.2 (n¼84) 14.5 (n¼35) 0.55
Coronary artery disease % 33.8 (n¼175) 29.2 (n¼70) 0.20
Prior CABG % 10.8 (n¼56) 8.7 (n¼21) 0.37
Prior PCI % 24.1 (n¼125) 20.7 (n¼50) 0.30
Prior BAV % 7.7 (n¼40) 7.1 (n¼17) 0.74
Prior SAVR % 4.2 (n¼22) 5.8 (n¼14) 0.34
eGFR (CKD-EPI) ml/min�SD 57.9�22 55.7�25 0.37
CKD-eGFR CKD-EPI< 60 ml/min % 59.1 (n¼306) 62.7 (n¼151) 0.34

Electrocardiographic characteristics
Right bundle brunch block % 6.8 (n¼35) 6.2 (n¼15) 0.78
Left bundle branch block % 6.6 (n¼34) 8.3 (n¼20) 0.39
Prior PM implantation % 6.0 (n¼31) 17.0 (n¼41) <0.001

Echocardiographic parameters
Ejection fraction % 51.3�9.5 49.6�10.4 0.33
Moderate or severe AR % 22.6 (n¼117) 18.7 (n¼45) 0.22
Moderate or severe MR % 24.3 (n¼126) 37.3 (n¼90) 0.001
Procedural characteristics
Access type (transfemoral) % 97.9 (n¼507) 99.2 (n¼239) 0.20
Valve type % 0.16

S. expandable 54.2 (n¼281) 59.8 (n¼144)
B. expandable 45.8 (n¼237) 40.2 (n¼97)

STS score %
High 7.7 (n¼40) 7.1 (n¼17) 0.74

Intermediate 34.0 (n¼176) 39.8 (n¼96) 0.12
Low 58.3 (n¼302) 52.7 (n¼127) 0.15

Amount of contrast Ml�SD 214.1�90 205.4�89 0.72

Values are presented as n (%) or mean� standard deviation. BMI, body mass index; CHA2DS2VASC, congestive heart failure or left ejection
fraction �40%, hypertension, age�75 years, diabetes mellitus, prior stroke or TIA, vascular disease (including myocardial infarction and
peripheral artery disease), age >65 years, female gender; AR, aortic regurgitation; BAV, balloon aortic valvuloplasty; CABG, coronary artery
bypass graft; CKD, chronic kidney disease eGFR, estimated glomerular filtration rate; MR, mitral regurgitation; PCI, percutaneous coronary
intervention; PM, pacemaker; SAVR, surgical aortic valve replacement; STS, Society of Thoracic Surgeons risk.
Discussion
The main findings of our study are as follows: (i) patients
with AF undergoing TAVI are more likely to develop AKI
and to experience major bleeding; (ii) preexisting AF and
new-onset AF both were associated with a higher risk of
the composite outcome of all-cause death and CV hospi-
talization, as well as the composite outcome of all-cause
death and all-cause hospitalization and all-cause hospi-
talization alone in the long term.

Approximately one-third of patients treated with TAVI
regularly experience AKI, which is linked to a longer
hospital stay and a higher mortality rate.15
The TAVI procedure includes the administration of con-
trast medium (CM) and episodes of pronounced hypoten-
sion (‘rapid pacing’) during balloon valvuloplasty and valve
implantation, both these factors, added to patient's risk
factors, increased the risk of AKI.16 In our cohort, themean
amount of contrast used was slightly lower in patients with
AF. Despite this, the occurrence of AKI was higher in AF
patients, highlighting that this risk is multifactorial, and the
amount of contrast used is probably only one of the
concomitant factors involved in the complex interplay
between AKI and AF. The use of large-lumen aortic TAVI
catheters increases the risk of renal cholesterol embolism,
which may be also a risk factor for AKI due to the high
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Table 2 VARC-3 outcomes in ‘no AF history’ and ‘preexisting AF’ patients after TAVI

No AF history Preexisting AF P-value OR (95% CI)

In-hospital outcomes
Any VARC-3 60.4 (nU313) 55.6 (nU134) 0.21 0.84 (0.61–1.14)
AKI 7.3 (nU38) 12.9 (nU31) <0.01 1.65 (1.15–2.38)
Stroke/TIA 2.1 (n¼11) 1.7 (n¼4) 0.67 0.77 (0.24–2.46)
Minor bleeding 10.2 (n¼53) 7.5 (n¼18) 0.22 0.70 (0.40–1.23)
Major bleeding 5.6 (nU29) 10 (nU24) 0.03 1.86 (1.06–3.27)
Minor vascular complication 11.4 (n¼59) 10.8 (n¼26) 0.81 0.98 (0.60–1.59)
Major vascular complication 5.0 (n¼29) 7.5 (n¼24) 0.18 1.52 (0.82–2.84)
Need to PM implantation 15.6 (n¼81) 16.2 (n¼39) 0.85 1.04 (0.68–1.58)
New left bundle branch block 32.6 (n¼169) 27.8 (n¼67) 0.18 0.79 (0.56–1.11)
New right bundle branch block 1.4 (n¼7) 0.4 (n¼1) 0.24 0.30 (0.03–2.53)
In-hospital death 1.0 (n¼5) 1.7 (n¼4) 0.42 1.60 (0.35–7.24)
Cardiac tamponade 1.4 (n¼7) 0.8 (n¼2) 0.54 0.61 (0.12–2.98)

Values are presented as n (%). AKI, acute kidney injury; PM, pacemaker; TIA, transient ischemic attack; VARC-3, Valve Academic Research
Consortium-3.
frequency of concomitant generalized atherosclerosis in
these patients.17

AKI is a strong predictor of 30-day all-cause mortality;
particularly, AKI superimposed to severe chronic kidney
disease (CKD).18–20

Our data were in accordance with those of Patil et al., who
examined retrospectively a cohort of 7266 patient who
underwent TAVI between 2012 and 2015. AF was
recorded in 44% of patients, showing association with
AKI (OR 1.54, 95% CI 1.33, 1.78, P<0.01) and blood
transfusion (OR 1.14, 95% CI 1.00, 1.30, P¼0.05) but not
with inpatient mortality (OR 1.09, 95% CI 0.81, 1.48,
P¼0.57).21 More recently, Nso et al. performed a meta-
analysis for a total of 15 studies that enrolled 158 220
patients who underwent TAVI. Primary clinical outcomes
were 30-day mortality, stroke, early bleeding, and late
bleeding; the secondary outcomes were AKI and length
of stay. The authors found that atrial fibrillation was asso-
ciated with higher risk of all primary and secondary out-
comes. Specifically, patients with pre-AF compared with
Table 3 Unadjusted and adjusted logistic regression analysis

Unadjusted a

Primary in-hospital outcome OR 95% C

Any VARC
Preexisting AF (vs. no AF history) 0.84 0.61–1.

Secondary in-hospital outcomes OR 95% CI

AKI
Preexisting AF (vs. no AF history) 1.65 1.15–2.3

Major bleeding
Preexisting AF (vs. no AF history) 1.86 1.06–3.2

CI, confidence interval; OR, odds ratio. a Adjusted analysis for age, sex, arter
EPI), previous stroke, previous coronary artery disease and left ventricular ejectio
patients with sinus rhythm had a higher risk of AKI (OR
2.43, 95% CI 1.10–5.35, P¼0.03). New-onset AF, but not
pre-AF, was associated with higher risk of 30-day mortali-
ty, stroke, and extended length of stay after TAVI.22

In relation to bleeding complications, we used the VARC-3
definition of complications that ensured a major homoge-
neity and comparability of data from different research
centres.13

Wang et al. used the VARC definitions too and found
that the patients with post-TAVI bleeding had an increased
30-day postoperative mortality compared with controls.
Preexisting AF was correlated independently with TAVI-
associated bleeding (OR 2.63, 95% CI 1.33–5.21,
P¼0.005), likely due to AF-related anticoagulation.23

Also Angelillis et al. evaluated some clinical outcomes
shared with VARC-3, in order to predict the length of the
discharge after the TAVI procedure. High STS score,
general anesthesia, high NYHA class and in-hospital
onset of conduction disturbances and new PM implanta-
tion were associated with slower discharge.24
for the primary and secondary in-hospital outcomes

nalysis Adjusted analysisa

I P aOR 95% CI P

14 0.26 0.86 0.62–1.18 0.35

P aOR 95% CI P

8 <0.01 1.65 1.13–2.41 <0.01

7 0.03 1.77 0.99–1.13 0.05

ial hypertension, diabetes mellitus, renal function (evaluated according to CKD-
n fraction.
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Table 4 Postdischarge analysis. Baseline characteristics of the cohort stratified by ‘no AF at discharge’ vs. ‘AF at
discharge’ (both preexisting and new-onset AF)

No AF at discharge
n¼475 (63.3%)

AF at discharge
n¼275 (36.7%) P-value

Age and anthropometric factors
Age Years�SD 82.3�5.4 82.2�5.0 0.40
Sex F % 54.1 (n¼257) 50.9 (n¼140) 0.40
BMI N 26.4�4.6 26.9�4.9 0.52

CV risk factors and comorbidity
Diabetes mellitus % 26.9 (n¼128) 22.5 (n¼62) 0.18
Dyslipidemia % 68.0 (n¼323) 66.9 (n¼184) 0.76
Hypertension % 88.8 (n¼422) 92.0 (n¼253) 0.17
CHA2DS2VASc score N 4.34�0.9 4.38�1.0 0.23
Chronic pulmonary disease % 16.6 (n¼79) 18.9 (n¼52) 0.43
Cancer history % 12.4 (n¼59) 12.0 (n¼33) 0.87
Prior stroke % 8.2 (n¼39) 14.2 (n¼39) 0.01
Prior myocardial infarction % 16.2 (n¼77) 14.2 (n¼39) 0.46
Coronary artery disease % 33.5 (n¼159) 30.2 (n¼83) 0.35
Prior CABG % 10.9 (n¼52) 9.1 (n¼25) 0.42
Prior PCI % 24.0 (n¼114) 21.5 (n¼59) 0.43
Prior BAV % 7.6 (n¼36) 7.3 (n¼20) 0.88
Prior SAVR % 4.4 (n¼21) 5.5 (n¼15) 0.52
eGFR (CKD-EPI) ml/min 57.4�22 56.9�24 0.43

Electrocardiographic characteristics
Right bundle brunch block % 6.7 (n¼32) 6.9 (n¼19) 0.93
Left bundle branch block % 6.5 (n¼31) 8.4 (n¼23) 0.35
Prior PM implantation % 5.5 (n¼26) 16.0 (n¼44) <0.001

Echocardiographic parameters
Ejection fraction % 51.3�9.6 50.0� 10.1 0.80
Moderate or severe AR % 22.5 (n¼107) 18.9 (n¼52) 0.24
Moderate or severe MR % 24.2 (n¼115) 35.6 (n¼98) 0.001

Procedural characteristics
Access type %

Transfemoral 99.4 (n¼472) 100 (n¼275) 0.19
Valve type % 0.62

S. expandable 55.8 (n¼268) 56.6 (n¼158)
B. expandable 44.4 (n¼211) 42.5 (n¼117)

STS score %
High 7.2 (n¼34) 6.9 (n¼19) 0.90

Intermediate 34.3 (n¼163) 39.3 (n¼108) 0.17
Low 58.5 (n¼278) 53.5 (n¼147) 0.18

Values are presented as n (%) or mean� standard deviation. AR, aortic regurgitation; BAV, balloon aortic valvuloplasty; BMI, body mass index;
CABG, coronary artery bypass graft; CHA2DS2VASC, congestive heart failure or left ejection fraction �40%, hypertension, age�75 years,
diabetes mellitus, prior stroke or TIA, vascular disease (including myocardial infarction and peripheral artery disease), age >65 years, female
gender; CKD, chronic kidney disease eGFR, estimated glomerular filtration rate; MR, mitral regurgitation; PCI, percutaneous coronary
intervention; PM, pacemaker; SAVR, surgical aortic valve replacement; STS, Society of Thoracic Surgeons risk.
A slightly different analysis was made by Monosilio et al.
and their evaluation included VARC outcomes, although
they focused on postoperatory SIRS which resulted as a
predictor of 24-month mortality.25

Patients with pre-AF had a higher probability of an early
bleeding after TAVI than patients in sinus rhythm (OR
17.41, 95% CI 6.49–46.68, P¼0.03).22

Studies on mortality in patients with preexisting and new-
onset AF after TAVI showed counteracting results.13–
15,17,18,21–23,26 In 2013, Sorteckiet al. carried out their study
from a prospective registry including 389 high-risk patients
undergoing TAVI. After 1 year, all-cause mortality was
higher among patients with AF (30.9%) compared with
those without AF (13.9%); (HR 2.36, 95% CI 1.43–3.90).
This was observed irrespective of the type of AF (perma-
nent,HR2.47, 95%CI1.40–4.38; persistent, HR3.60, 95%
CI 1.10–11.78; paroxysmal, HR 2.88, 95% CI 1.37–6.05).
Mortality gradually increasedwithhigherCHA2DS2–VASC
scores (score 1–3:HR2.20, 95%CI 0.92–5.27; score 6–8:
HR 4.12, 95% CI 2.07–8.20). The risks of stroke and life-
threatening bleeding were similar among patients with and
without AF.27 According to different studies, not only pre-
existingAFwas linked to a higher rate of latemortality,14 but
also that new-onset AF is correlated with an increased risk
of mortality.27 Furthermore, a new recent study showed an
increase in early and late mortality in patients with preexist-
ing and new-onset AF treated with TAVI.12
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Table 5 Major adverse events during follow-up according to AF at discharge

No AF at discharge
N¼475

AF at discharge
N¼275 P-value

All-cause death and CV hospitalization % 27.2 (n¼129) 35.6 (n¼98) <0.01
All-cause death and all-cause hospitalization % 29.9 (n¼142) 38.2 (n¼105) <0.01
All-cause death % 18.1 (n¼86) 22.9 (n¼63) 0.05
All-cause hospitalization % 15.8 (n¼75) 24.7 (n¼68) <0.01
MACE (stroke, MI, CV death) % 17.7 (n¼84) 21.1 (n¼58) 0.21

Values are presented as n (%). CV, cardiovascular; MACE, major adverse cardiac events; MI, myocardial infarction.
Ryan et al. in a meta-analysis of 179 studies showed that
new-onset atrial fibrillation was associated with a near
doubling of 30-day or in-hospital mortality after TAVI (RR
1.76, 95% CI 1.12–2.76).28 The relationship between
increased mortality and AF is not clear but surely multifac-
torial, and includes hemodynamic and functional im-
pairment, thrombo-embolic and bleeding events, and
higher rates of renal failure.29

In 2017, Mojoli et al. considered 11 studies (11 033
patients) in their meta-analysis. Compared with sinus
rhythm, long-term mortality was significantly higher in
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Kaplan–Meier curves for the primary and secondary long-term outcome
new-onset AF (OR 2.3, P<0.0001) and preexisting AF
groups (OR 2.8, P<0.0001). Compared with sinus
rhythm, preexisting AF increased the risk of late stroke
(OR 1.3, P ¼ 0.03), but not the risk of late bleeding.30

The interest in the study of the link between mortality
and AF in the follow-up of TAVI patients could be seen
also in more recent evaluation such as the one conducted
by Baz et al. They proposed a score which included, in
addition to biohumoral and functional parameters, AF as
the only clinical characteristic, remarking on its prognostic
value.31
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s according to the presence of AF at discharge.
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Table 6 Unadjusted and adjusted Cox regression analysis for the primary and secondary postdischarge long-term
outcomes

Unadjusted analysis Adjusted analysisa

Primary postdischarge outcome HR 95% CI P aHR 95% CI P

All-cause death and CV hospitalization
AF at discharge (vs. no AF) 1.47 1.13–1.91 <0.01 1.42 1.09–1.86 0.01

Secondary postdischarge outcomes HR 95% CI p aHR 95% CI p

AF at discharge (vs. no AF)
All-cause death and all-cause hospitalization 1.42 1.10–1.83 <0.01 1.38 1.06–1.78 0.02
All-cause death 1.38 1.00–1.93 0.05 1.30 0.94–1.80 0.10
All-cause hospitalization 1.70 1.23–2.37 <0.01 1.59 1.14–2.22 <0.01
MACE (stroke, IMA, CV death) 1.24 0.89–1.74 0.21 1.16 0.83–1.62 0.37

CI, confidence interval; HR, hazard ratio. a Adjusted analysis for age, sex, arterial hypertension, diabetes mellitus, renal function (evaluated according to CKD-
EPI), previous stroke, previous coronary artery disease and ejection fraction.
Our data showed an increased risk of long-term mortality
(until 5 years) in patients with AF and the present study
represents a unique experience with long-term follow-up.

Regarding the hospitalization rate, our results indicated
that patients with AF had a higher risk of hospitalization
than SR patients, as demonstrated in the SOURCE-XT
registry and in the FRANCE-2 study that evidenced an
increased re-hospitalization rate due to heart failure.11,32

Despite all these observations, the AF status is not includ-
ed in the available TAVI-specific risk scores yet.33–35 An
additional factor which may contribute to high rates of
hospital readmission and mortality in TAVI patients with
AF is coexistent mitral regurgitation (MR). The interplay
between MR, AF and mortality is complex and not fully
understood in the TAVI setting. Preoperative MR (moder-
ate or severe) is significantly more frequent in those with
both preexisting and new-onset AF.11,12 On the other
hand, the prevalence of AF increases together with in-
creasing severity of MR. Multiple studies including two
meta-analyses have shown that MR is associated with
increased mortality after TAVI.36–38 Despite these incon-
sistencies, increasing evidence suggests that both MR
and AF may have an independent influence on mortality in
TAVI patients. Conversely, MR has not proved to be the
only determinant of the high post-TAVI mortality rates in
those with AF.11,12 Our findings show that AF at discharge
influenced readmission, not only when assessed individu-
ally, but also when considered in the primary composite
outcome (all-cause death and cardiovascular hospitaliza-
tion) and the secondary composite outcome (all-cause
death and all-cause hospitalization).

Strengths and limitations
Our study is a real-world analysis of a multicentre, unse-
lected population undergoing TAVI thus providing a
unique and updated picture of these patients. One of
the strengths of this analysis is the follow-up time which
is longer than those of most previous studies. Additionally,
most of the patients analysed had a low or intermediate
STS score thus providing new insights into this population.

However, some limitations should be acknowledged. Our
analysis has the intrinsic limitation typical of all observa-
tional and retrospective studies, linked to possible selec-
tion bias and the eventual presence of confounding
factors. Our study did not include a comparison between
preexisting and new-onset AF due to the low number of
patients with new-onset AF in our database. The analysis
also did not consider patients who may have developed
AF throughout the entire follow-up and the types of AF
during the follow-up are lacking. Another limitation is the
absence of a more comprehensive evaluation of the clini-
cal complexity of the patients and the evaluation of frailty.
Finally, all patients were enrolled in tertiary centres of a
single Italian region thus partly limiting the external validity
of our results. For these reasons, our findings should be
considered hypothesis-generating and further studies
are warranted.

Conclusions
Atrial fibrillation in patients treated with TAVI is associated
with an increased risk of AKI, all-cause death, and hospi-
talization. It is uncertain if AF is a cause or a marker of
sicker patients, but in any case, it is a factor that should be
carefully evaluated for the patient's risk stratification. More
studies are required to determine the best monitoring time
range for this population.
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