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ABSTRACT

Objectives: Atrial fibrillation (AF) is a common complication after cardiac surgery.
More knowledge is needed about long-term AF recurrence and adverse outcomes
related to new-onset AF (NOAF) during the index hospitalization.

Methods: A total of 1073 patients underwent isolated surgical aortic valve replace-
ment at the 4 participating hospitals (2002-2014). After the exclusion of patients
with a history of any preoperative AF, the final study population included 529 pa-
tients in the bioprosthetic and 253 patients in the mechanical valve prosthesis
cohort. Median follow-up time was 5.4 (interquartile range, 3.4-8.2) years in the
combined cohort.

Results: Altogether 333 (42.6%) patients had in-hospital NOAF and 250 (32.0%) AF
after hospital discharge. In the mechanical cohort, 64 (25.3%) experienced in-
hospital NOAF and 74 (29.2%) AF after hospital discharge, whereas in the bio-
prosthetic cohort, 269 (50.9%) patients had in-hospital NOAF and 176 (33.3%)
AF after hospital discharge. Patients with NOAF during the index hospital stay
had a multifold risk of AF after hospital discharge in the combined cohort (hazard
ratio [HR], 3.68; 95% confidence interval [CI], 2.82-4.81; P< .0001) as well as in
both cohorts separately (bioprosthetic: HR, 4.35; 95% CI, 3.05-6.22; P< .001; me-
chanical: HR, 2.54; 95% CI, 1.59-4.03; P< .001). Patients with an in-hospital NOAF
also had a significantly higher adjusted risk of death during the follow-up in the me-
chanical (HR, 2.05; 95% CI, 1.10-3.82; P ¼ .025) and bioprosthetic (HR, 1.63; 95% CI,
1.17-2.28; P ¼ .004) valve prosthesis cohorts.

Conclusions: NOAF during the index hospitalization is associated with a 2- to 4-fold
risk of later AF and 1.6- to 2.0-fold risk of all-cause mortality after mechanical and
bioprosthetic surgical aortic valve replacement. (J Thorac Cardiovasc Surg 2021;-
:1-12)
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Occurrence of late atrial fibrillation after surgical
aortic valve replacement.
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CENTRAL MESSAGE

NOAF detected during index
hospitalization appeared to be a
strong biomarker of later AF and
all-cause mortality after bio-
prosthetic and mechanical SAVR
in a median 5.4-year follow-up.
PERSPECTIVE
Patients experiencing NOAF during hospital stay
after SAVR are prone to the recurrence of AF
later in life. Patients with NOAF and risk factors
for stroke might be considered candidates for
permanent OAC.

See Commentary on page XXX.
OAFwith late atrial fibrillation (AF) and
9-11
New-onset atrial fibrillation (NOAF) is very common after
cardiac surgery and has an overall incidence of 31% to
74%.1-7 The incidence of NOAF is significantly higher
after surgical aortic valve replacement (SAVR) compared
with coronary artery bypass grafting5 or transcatheter aortic
valve implantation.8 There are only a few studies concerning
the association of N
long-termmortality in SAVR patients. In a recent single-
center prospective study concerning patients undergoing
SAVR, patients with NOAF had a ninefold increased risk
of developing symptomatic late AF.9 However, especially
within the group of patients entering mechanical SAVR,
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Abbreviations and Acronyms
AF ¼ atrial fibrillation
CHA2DS2-VASc ¼ Congestive heart failure,

Hypertension, Age �75 years,
Diabetes mellitus, Stroke,
Vascular disease, Age 65–
74 years, Sex category (female)

CI ¼ confidence interval
ECG ¼ electrocardiogram
EuroSCORE ¼ European System for Cardiac

Operative Risk Evaluation
HR ¼ hazard ratio
INR ¼ international normalized ratio
Lasso ¼ least absolute shrinkage and

selection operator
NOAF ¼ new-onset atrial fibrillation
SAVR ¼ surgical aortic valve

replacement
TIA ¼ transient ischemic attack
VKA ¼ vitamin K antagonist
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the data on the recurrence of AF are scarce. In addition,
although the association of NOAF and higher mortality
has been previously reported in patients undergoing SAVR
and CABG procedures,5,11,12 there are few studies on the in-
fluence of NOAF on mortality and other adverse events in
patients receiving permanent anticoagulation,12 such as
the ones undergoing mechanical SAVR.

The aim of this multicenter study was to evaluate the inci-
dence and association between in-hospital NOAF and late
AF after hospital discharge during long-term follow-up in
patients with bioprosthetic and mechanical isolated
SAVR, therefore providing practical information on the
recurrence of AF in differently selected patient groups. In
addition, we sought to evaluate the effect of in-hospital
NOAF on cerebrovascular events and mortality in each
patient cohort separately.

METHODS
Data Collection

The Consortium of Studies in the Field of Atrial Fibrillation, Stroke, and

Bleeding in Patients Undergoing Aortic Valve Replacement (CAREAVR;

ClinicalTrials.gov Identifier: NCT02626871) is a Finnish multicenter

retrospective study on the rate of AF, thromboembolic complications,

and bleeding events in patients undergoing isolated bioprosthetic or me-

chanical SAVR. The data are collected as part of a broader ongoing proto-

col in Finland to evaluate the thromboembolic and bleeding complications

of AF management in patients undergoing cardiac procedures.13,14
2 The Journal of Thoracic and Cardiovascular Surger
The study group comprised patients who underwent isolated bio-

prosthetic SAVR in the cardiac surgery units of 4 Finnish university hospi-

tals (Helsinki, Turku, Oulu, and Kuopio) over the period from 2002 to 2014

(in Helsinki 2006-2014) and an isolated mechanical SAVR in Turku Uni-

versity Hospital cardiac surgery unit over the same time period. In addition,

patients undergoing isolated mechanical SAVR in Oulu university hospital

over the period from 2002 to 2014 were included in the mortality analyses

but were excluded from other analyses because of the lack of follow-up in-

formation on other outcome events. Patients who underwent any other ma-

jor concomitant cardiac surgery procedure or had a history of AF before the

surgery were excluded from this study.

The data were retrospectively collected from electronic patient records.

To obtain reliable and accurate follow-up data, only patients from the

catchment area of each study hospital were included in this study. Patient

records were individually reviewed with a standardized structured data

collection protocol for pre- and perioperative data, discharge data, and

long-term follow-up events such as NOAF, stroke, transient ischemic attack

(TIA), bleeding events, and mortality. The end points of this prespecified

study included the occurrence of NOAF during the index hospitalization

as well as the occurrence of AF, stroke, and death during the follow-up after

discharge.

The causes of death were derived from Statistics Finland. This govern-

mental officemonitors the time and causes of death in thewhole of Finland.

This allows the tracking of deaths even if the person moves to another hos-

pital region resulting in a longer follow-up for mortality compared with the

other end points.

During the period under study, the routine perioperative anticoagulation

practice for mechanical and bioprosthetic aortic valve replacement was

enoxaparin 40 to 60 mg given subcutaneously once a day starting in the

evening of the day of the surgery and continuing until vitamin K antagonist

(VKA) treatment (started on the first postoperative day) reached the thera-

peutic level (international normalized ratio [INR],� 2.0) at all sites. For the

bioprosthetic cohort, the routine duration of anticoagulation after surgery

was 90 days. The need for permanent oral anticoagulation after the

90 days was evaluated individually by the treating physician, on the basis

of the AF burden and the total risk of cerebral infarction assessed according

to the Congestive heart failure, Hypertension, Age �75 years, Diabetes

mellitus, Stroke, Vascular disease, Age 65–74 years, Sex category (female)

(CHA2DS2-VASc) score.
15,16 In the mechanical patient cohort, all patients

were treated with permanent VKAs. In the mechanical cohort 22 patients

received the On-X valve (CryoLife Inc, Kennesaw, Ga), which demanded

routine VKA treatment with an INR target of 2.0 to 3.0 for the first

3 months. After 3 months, selected On-X (CryoLife Inc) patients had

VKA treatment with an INR target of 1.8 to 2.0 combined with aspirin

100 mg once daily. In both cohorts, preoperative b-blocker medication

was routinely sustained beyond the surgery. No other antiarrhythmic pro-

phylaxis was routinely used.

The diagnosis of in-hospital NOAF was confirmed using a 12-lead elec-

trocardiogram (ECG) recording or telemonitoring indicating anAF episode

of 10 minutes or longer. Late AF was defined as AF after hospital discharge

during follow-up andwas confirmed using a 12-lead ECG recording or tele-

monitoring indicating an AF episode of 10 minutes or longer. The AF ep-

isodes appearing during the index hospitalization and continuing after

hospital discharge were not defined as late AF if the rhythm converted to

sinus rhythm either spontaneously or with cardioversion within 3 months

after the index surgery. The patients remaining in new permanent AF after

3 months were included in late AF group and were therefore classified as

AF after discharge. Patients with in-hospital NOAFwere treatedwith either

cardioversion or antiarrhythmic drugs depending on the evaluation of the

treating physician. The routine treatment for hemodynamically unstable

patients was early electrical cardioversion, and in other patients the treat-

ment line depended on the patients’ symptoms and response to rate control.

Ischemic stroke was defined as a permanent focal neurological deficit adju-

dicated by a neurologist and confirmed via computed tomography or
y c - 2021
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magnetic resonance imaging. Only patients with ischemic strokes consid-

ered definite by the treating neurologist or physician were included in the

present study. Subtypes of ischemic strokes were categorized by treating

physicians using the Trial of Org 10172 in Acute Stroke Treatment

(TOAST) classification system.17 Major stroke was defined according to

the aforementioned definitions, excluding lacunar strokes (<20 mm in

diameter).

Urgent operation was defined as an operation performed during the

same in-hospital stay, emergency operation as an operation before the

next working day, and salvage procedure as an operation in which patients

require cardiopulmonary resuscitation en route to the operating theatre or

before the induction of anesthesia. Previous cardiac surgery was defined

as one or more previous major cardiac operation involving opening the

pericardium. Left atrium dilatation was defined as atrial anteroposterior

diameter>38 mm in women and>40 mm in men.

An independent, certified third-party data monitor controlled the integ-

rity of the data at each study site. The study protocol was approved by the

Medical Ethics Committee of the Hospital District of Southwest Finland

and the ethics committee of the National Institute for Health and Welfare

(Finland). Because of the retrospective, observational nature of the study,

informed consent was not required. The study conformed to the Declara-

tion of Helsinki.

Statistical Analysis
Statistical analyses were conducted with SPSS version 25.0 statistical

software (IBM Corp, Albany, NY) and R statistics software version 4.0.0

(R Foundation for Statistical Computing, Vienna, Austria). Continuous

variables were reported as mean � standard deviation if normally distrib-

uted, and as median (25th-75th percentiles) if they were skewed. The data

were tested for normal distribution using Kolmogorov-Smirnov and

Shapiro-Wilk tests. Categorical variables were described as counts and

percentages. Cox proportional hazards model, unpaired t test, and Mann-

Whitney test were used for univariable analysis. The Cox regression

proportional hazards assumption was assessed using graphical methods.

Least absolute shrinkage and selection operator regres-
sion analyses. K-nearest neighbors imputation using all baseline data

as factors was applied to missing data in the multivariable models (R pack-

age simputation, version 0.2.4),18 apart from the variables presenting

�15% of missing data in one or more of the analysis subgroups, in which

case an additional factor level of “not applicable” was introduced after the

conversion of continuous variables to binary. The continuous variables

were scaled and centered before regression analyses. Least absolute

shrinkage and selection operator (Lasso)-penalized Cox regression was

used to trace the association of baseline factors and AF after hospital

discharge (R package glmnet, version 3.0-2).19,20 The Lasso model that re-

sulted in minimal prediction error in 10-fold cross-validation was selected.

From the Lasso model with the least prediction error, we selected interac-

tions with penalized b coefficients� 0.1 or� �0.1 to retain the most rele-

vant parameters. Cardioversion during the index hospitalization as a

variable was excluded from the multivariable analyses because of its asso-

ciation with AF during the index hospitalization. The European System for

Cardiac Operative Risk Evaluation (EuroSCORE) II was excluded from the

Lasso analyses because of its association with multiple baseline character-

istics. Center number was included in all multivariable analyses to address

the potential reporting bias caused by the multicenter approach.

Multilevel Cox models. Multivariable multilevel Cox regression

analyses were used to analyze the association of AF during the index hos-

pitalization and adverse outcomes (R package coxme, version 2.2-16).21

We included the different research sites as separate levels by adding the

center number as a random effect in the models. Because of the differences

in the years of entry into the study, a 3-level random intercept model

including the year of entry within research site was exploited. In addition,

the Cox regression multivariable mixed effects models were adjusted for

EuroSCORE II, age during the operation, the direct continuation of oral
The Journal of Thoracic and C
anticoagulation after 3 months postoperatively (combined and bio-

prosthetic cohorts), and prosthesis type (combination cohort) as fixed ef-

fects. Patients who died within 30 days after the surgery were excluded

from the mortality analyses to minimize the potential bias caused by the

comorbidities related to perioperative mortality.

Cause-specific competing risk hazard models accounting for death were

used for stroke and late AF analysis. Cumulative incidence function,

person-years and linearized rate analysis were used to estimate the cumu-

lative AF rate after hospital discharge and stroke rate. Multiple testing

correction was not applied because of the explorative nature of the study.
RESULTS
A total of 1073 patients underwent isolated SAVR at the 4

participating hospitals. The follow-up data for mortality
were complete for 1073 (100.0%) patients and for other
end points for 1004 (93.6%) patients. Of the patients who
underwent mechanical SAVR, 20/296 (6.8%) had perma-
nent AF and 23/296 (7.8%) had a history of paroxysmal/
persistent AF before the operation. Similarly, of the patients
who underwent bioprosthetic SAVR, 84/708 (11.9%) had
permanent AF and 95/708 (13.4%) had a history of parox-
ysmal/persistent AF before the operation. The exclusion of
patients with permanent or paroxysmal AF before the oper-
ation resulted in a total of 529 patients in the bioprosthetic
cohort and 253 patients in the mechanical cohort. The mor-
tality analyses of the mechanical cohort included overall
301 patients. The baseline characteristics and operative
data of patients with and without AF after hospital
discharge are detailed in Table 1.
Incidence of In-Hospital NOAF and AFAfter
Hospital Discharge
The median follow-up time was 5.4 (interquartile range,

3.4-8.2) years. A total of 333 (42.6%) patients experienced
in-hospital NOAF and 250 (32.0%) patients AF after
discharge. In the mechanical cohort, a total of 64 (25.3%)
patients had in-hospital NOAF and 74 (29.2%) patients
AF after discharge (5.05/100 person-years). Similarly, of
the patients in the bioprosthetic cohort 269 (50.9%) patients
experienced in-hospital NOAF and 176 (33.3%) patients
AF later after hospital discharge (incidence rate 8.82/100
person-years). Cumulative incidence estimates of cumula-
tive AF after hospital discharge at 30 days, 3 months, and
1 and 5 years were 12.3%, 15.9%, 17.5%, and 22.7% in
the mechanical cohort, and 16.8%, 21.4%, 24.6%, and
30.6% in the bioprosthetic cohort, respectively. In the me-
chanical cohort, AF after hospital discharge occurred in 31
(48.4%) patients with in-hospital NOAF (9.55/100 person-
years) and 43 (22.8%) patients without in-hospital NOAF
(3.77/100 person-years). Similarly, of the patients in the
bioprosthetic cohort, AF after hospital discharge occurred
in 137 (50.6%) patients with in-hospital NOAF (17.6/100
person-years) and 39 (15.2%) patients without in-hospital
NOAF (3.23/100 person-years).
ardiovascular Surgery c Volume -, Number - 3



TABLE 1. Baseline characteristics and operative data of patients who underwent isolated mechanical or bioprosthetic aortic valve replacement

with and without AF after hospital discharge

AF after discharge (n ¼ 250) No AF (n ¼ 532) HR (95% CI) P value

Age 73.0 (66.0-78.0) 70.0 (62.0-77.0) 1.03 (1.02-1.04) <.001

Female sex 125 (50.0) 262 (49.2) 1.11 (0.86-1.42) .421

Diabetes 30 (12.0) 91 (17.1) 0.81 (0.55-1.19) .284

Dyslipidemia 135 (54.4) 259 (48.7) 1.30 (1.01-1.68) .038

Hypertension 180 (72.0) 330 (62.0) 1.60 (1.22-2.12) .001

Peripheral artery disease 12 (4.8) 19 (3.6) 1.46 (0.82-2.61) .204

Coronary artery disease 57 (22.8) 102 (19.2) 1.34 (1.00-1.80) .052

Chronic lung disease 43 (17.3) 67 (12.6) 1.40 (1.01-1.95) .044

Active smoking 12 (6.1) 57 (12.4) 0.49 (0.28-0.89) .018

Active or ex-smoker 54 (28.4) 164 (37.2) 0.72 (0.52-0.98) .039

Body mass index 27.5 (25.5-31.1) 27.6 (24.6-30.8) 0.99 (0.99-1.01) .870

Active endocarditis 8 (3.2) 23 (4.3) 0.69 (0.34-1.40) .304

Previous endocarditis 5 (2.0) 15 (2.8) 0.64 (0.26-1.56) .325

Previous venous thromboembolism 4 (1.6) 9 (1.7) 1.08 (0.40-2.91) .876

Previous stroke or TIA 32 (13.1) 54 (10.4) 1.36 (0.94-1.97) .106

Previous myocardial infarction 18 (7.2) 20 (3.8) 1.80 (1.11-2.92) .016

Previous percutaneous coronary intervention 12 (4.8) 34 (6.4) 0.87 (0.49-1.56) .639

Previous cardiac surgery 14 (5.6) 29 (5.5) 1.14 (0.66-1.95) .637

EuroSCORE II, % 1.6 (1.0-2.5) 1.4 (0.9-2.1) 1.02 (1.00-1.05) .092

NYHA class III or more 136 (54.4) 226 (42.5) 1.51 (1.18-1.94) .001

Left ventricular ejection fraction, % 60.0 (51.0-69.0) 62.0 (54.0-70.0) 0.99 (0.98-1.01) .271

Left atrium diameter, mm 43.0 (39.0-47.0) 41.0 (36.0-45.0) 1.04 (1.02-1.06) .001

Aortic valve peak pressure gradient, mm Hg 81.0 (68.5-99.5) 80.0 (66.0-99.0) 1.00 (0.99-1.01) .952

Aortic valve regurgitation 147 (61.0) 304 (59.4) 1.03 (0.79-1.33) .854

Aortic valve regurgitation degree* 1.0 (1.0-3.0) 1.0 (1.0-3.0) 0.99 (0.83-1.16) .812

Mitral valve regurgitation 125 (51.7) 284 (44.1) 1.39 (1.08-1.79) .011

Mitral valve regurgitation degreey 1.0 (1.0-2.0) 1.0 (1.0-1.0) 1.55 (1.19-2.00) .001

Pulmonary artery hypertension

Moderate to severe (systolic � 31 Mm Hg) 38 (21.7) 58 (14.1) 1.28 (0.89-1.84) .184

Severe (systolic � 51 mm Hg) 7 (4.0) 11 (2.7) 1.02 (0.48-2.19) .953

Urgent, emergency, or salvage procedure 17 (6.8) 36 (6.8) 1.15 (0.70-1.88) .588

Pulse 69.5 (61.0-78.0) 68.0 (61.0-77.0) 1.00 (0.99-1.01) .739

Valve prosthesis size, mm 23.0 (21.0-25.0) 23.0 (21.0-25.0) 1.03 (0.97-1.11) .345

Preoperative laboratory values

EGFR, mL/min/1.73 m2 76.2 � 20.3 79.6 � 20.4 0.99 (0.99-1.00) .025

Postoperative laboratory values

EGFR, mL/min/1.73 m2 minimum 75.3 (55.5-94.0) 78.0 (61.0-99.0) 0.99 (0.99-1.00) .004

CK-MB, mg/L maximum 29.5 (21.0-41.4) 26.5 (19.9-38.9) 1.00 (1.00-1.00) .599

NOAF during index hospitalization 168 (67.2) 167 (31.6) 3.68 (2.82-4.81) <.001

Cardioversion during hospitalization 71 (28.4) 59 (11.2) 2.57 (1.95-3.39) <.001

Reoperation due to bleeding 21 (8.4) 41 (7.7) 1.18 (0.75-1.84) .478

Delayed ventilation 21 (8.4) 45 (8.5) 1.18 (0.75-1.84) .474

(Continued)
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TABLE 1. Continued

AF after discharge (n ¼ 250) No AF (n ¼ 532) HR (95% CI) P value

Acute de novo dialysis 2 (0.8) 7 (1.3) 0.82 (0.21-3.33) .790

In-hospital death 1 (0.4) 11 (2.1) 1.36 (0.19-9.73) .759

Length of hospital stay 9.0 (7.0-11.0) 8.0 (7.0-10.0) 0.99 (0.97-1.01) .182

Continuous variables are reported as median with (interquartile range) or mean� standard deviation. Other data are reported as n (%). AF, Atrial fibrillation;HR, hazard ratio;CI,

confidence interval; TIA, transient ischemic attack; EuroSCORE, European System for Cardiac Operative Risk Evaluation; NYHA, New York Heart Association; eGFR, estimated

glomerular filtration rate; CK-MB, creatinine kinase-MB; NOAF, new-onset atrial fibrillation. *Within the patients with aortic valve regurgitation. yWithin the patients with mitral

valve regurgitation.

Bj€orn et al Adult
In the patients with previous open-heart cardiac surgery,
NOAF during the index hospitalization occurred in 17
(39.5%) patients (mechanical cohort: 3 [20.0%]; bio-
prosthetic cohort: 14 [50.0%]), and AF after hospital
discharge in 14 (32.6%) patients (mechanical cohort: 5
[33.3%]; bioprosthetic cohort: 9 [32.1%]).
D
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L
T

Predictors of AF After Hospital Discharge
The stable predictors of AF after hospital discharge with

penalized b coefficients � 0.1 or � �0.1 in Lasso regres-
sion analysis in the mechanical and bioprosthetic patient co-
horts combined and separately are presented in Table 2. In
combined as well as in the mechanical and the bioprosthetic
TABLE 2. The predictors of atrial fibrillation after hospital discharge

Mechanical

AVR

Bioprosthetic

AVR

Both

cohorts

b* b* b*

Age NS NS 0.112

Hypertension NS NS 0.115

Peripheral artery disease NS NS 0.245

Chronic lung disease NS NS 0.153

Active smoking NS �0.157 �0.369

Previous stroke or TIA NS NS 0.168

Previous myocardial

infarction

0.533 NS 0.290

Left atrium dilatation NS 0.208 0.217

Mitral valve regurgitation

degree III or more

0.234 0.490 0.776

Valve prosthesis size, mm 0.151 NS NS

Postoperative eGFR

minimum<60 mL/min/

1.73 m2

NS 0.182 0.241

NOAF during index

hospitalization

0.599 1.115 1.112

Length of hospital stay NS NS �0.106

AVR, Aortic valve replacement; b, penalized b-coefficient; NS, not significant; TIA,

transient ischemic attack; eGFR, estimated glomerular filtration rate; NOAF, new-

onset atrial fibrillation. *All main effects and interactions with a b � 0.1

or � �0.1 selected in Lasso regression analysis.

The Journal of Thoracic and C
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cohorts, the multivariable model identified mitral valve
regurgitation degree III or more and NOAF during the index
hospitalization as independent predictors of AF after hospi-
tal discharge. In the combined and bioprosthetic cohorts,
active smoking was identified as an independent protective
factor and left atrium dilatation as an independent predis-
posing factor for AF after hospital discharge, although
the effects seemed to originate from both of the cohorts
(Tables E1 and E2). Moderate to severe postoperative renal
impairment also was associated with higher late AF rate in
the combined cohort and in the bioprosthetic cohort.
Furthermore, previous myocardial infarction was identified
in the mechanical and in the combined cohort and larger
valve prosthesis sizewas identified in the mechanical cohort
as independent predictors of late AF. The predictors only
identified in the combination cohort included advanced
age, hypertension, peripheral artery disease, chronic lung
disease, previous stroke or TIA, and shorter hospital stay.
In a more detailed analysis of the mechanical cohort,
patients with larger valve prosthesis size were significantly
younger (<25 mm: 60.0 [54.0-64.0] years vs�25 mm: 56.0
[44.8-63.0] years; P¼ .005), had lower left ventricular ejec-
tion fraction (<25 mm: 64.0 [57.0-70.0] % vs �25 mm:
57.0 [50.0-65.8]%; P< .001), and had more often aortic
valve regurgitation (78.6% vs 59.2%; P ¼ .001).

NOAF During Index Hospitalization and Adverse
Outcomes
Overall 52 (17.3%) patients in the mechanical cohort and

205 (38.3%) patients in the bioprosthetic cohort died during
the study period. Median follow-up time for death was 10.4
(6.7-12.5 years) years in the mechanical cohort and 8.4 (6.5-
10.4 years) years in the bioprosthetic cohort. Patients who
died within 30 days after the surgery (22 patients; 2.6%)
were excluded from the mortality analyses to minimize
the potential bias caused by the comorbidities related to
perioperative mortality. Patients with a NOAF episode dur-
ing the index hospitalization had significantly higher risk of
death during the follow-up in the mechanical cohort (hazard
ratio [HR], 2.29; 95% confidence interval [CI], 1.26-4.15;
P ¼ .006) and the bioprosthetic patient cohort (HR, 1.86;
95% CI, 1.38-2.51; P<.001; Figure 1). After adjustment
ardiovascular Surgery c Volume -, Number - 5
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FIGURE 1. Survival after isolated surgical aortic valve replacement (SAVR) in patients undergoing (A) bioprosthetic (BIO) and (B) mechanical (MECH)

valve procedure with no previous atrial fibrillation episodes stratified according to the appearance of new-onset atrial fibrillation (NOAF) during the index

hospitalization. Patients alive 30 days after the surgery are included.
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FIGURE 2. Cumulative incidence of major stroke after isolated surgical aortic

and (B) mechanical (MECH) valve procedure with no previous atrial fibrilla

fibrillation (NOAF) during the index hospitalization.
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number and the year of the index operation (random ef-
fects), the risk for higher mortality remained in the com-
bined cohort (HR, 1.65; 95% CI, 1.23-2.21; P < .001)
and in each cohort separately (mechanical cohort: HR,
B

MEC: NOAF during index hospitalization –
MEC: NOAF during index hospitalization +

0

5

10

15

20

25

0 1 2 3 4 5
Years after cardiac surgery

6 7 8

189
Patients at risk

64
176
57

166
55

154
52

143
50

126
47

109
43

96
39

84
36

C
u

m
u

la
ti

ve
 m

aj
o

r 
st

ro
ke

 (
%

)

30

valve replacement (SAVR) in patients undergoing (A) bioprosthetic (BIO)

tion episodes stratified according to the appearance of new-onset atrial

y c - 2021



0

20

40

60

80

C
u

m
u

la
ti

ve
 in

ci
d

en
ce

 o
f 

la
te

 A
F

 (
%

) 100

0 1 2 3 4 5

Years after cardiac surgery
6 7 8

Patients at risk

64

271

189

255

43

155

153

218

38

140

142

210

36

114

130

181

34

88

119

154

33

65

104

126

29

53

88

85

25

37

78

55

20

20

69

34

BIO: NOAF during index hospitalization –

BIO: NOAF during index hospitalization +

MEC: NOAF during index hospitalization –

MEC: NOAF during index hospitalization +

FIGURE 3. Cumulative incidence of late atrial fibrillation (AF) after hos-

pital discharge in patients with and without new-onset AF (NOAF) during

the index hospitalization undergoing isolated aortic valve replacement with

a bioprosthesis (BIO) or a mechanical prosthesis (MEC).

Bj€orn et al Adult

A
D
U
L
T

2.05; 95% CI, 1.10-3.82; P ¼ .025; bioprosthetic cohort:
HR, 1.63; 95% CI, 1.17-2.28’; P ¼ .004). There was an
evident difference in the EuroSCORE II values of the pa-
tients who died after in-hospital NOAF when patients in
the mechanical and bioprosthetic cohorts were compared
(median EuroSCORE II 1.3% vs 1.9%; P ¼ .010).

The death certificate diagnoses of death after 30 days
postoperatively were available in 19 (95.0%) patients in
the mechanical cohort with a NOAF episode during the in-
dex hospitalization and 109 (88.6%) patients in the bio-
prosthetic cohort. Stroke accounted for 2 (10.5%) and 6
(5.5%) of the deaths after in-hospital NOAF in the mechan-
ical and bioprosthetic cohorts, respectively. In the patients
without in-hospital NOAF during the index hospital stay,
stroke accounted for 0 and 7 (13.0%) of the deaths in the
mechanical and bioprosthetic cohorts, respectively. After
in-hospital NOAF, the most common causes of death were
coronary artery disease, cancer-related death, different
types of dementia, and different types of heart failure typi-
cally related to either coronary artery disease or aortic ste-
nosis, referring to preoperative aortic stenosis. Pneumonia
was the most common immediate cause of death.

Cumulative incidence estimates of the cumulative major
stroke rates at 30 days, 3 months, and 1 and 5 years were
1.6%, 1.6%, 1.6%, and 3.9% in the mechanical cohort,
and 3.0%, 3.0%, 3.9%, and 8.8% in the bioprosthetic
cohort, respectively. NOAF paroxysms during the index
hospitalization were not significantly associated with post-
operative major stroke either in the combined cohort (HR,
1.60; 95% CI, 0.99-2.59; P ¼ .055) or in the cohorts sepa-
rately (mechanical cohort: HR, 2.11; 95% CI, 0.73-6.08;
P ¼ .168; bioprosthetic cohort: HR, 1.21; 95% CI, 0.70-
2.08; P ¼ .495). However, a trend (nonsignificant) toward
higher rates of major stroke occurrence during the first
weeks after the surgery was observable in the mechanical
cohort, as indicated in the competing risk analysis
(Figure 2). When the combination of both end points was
evaluated, NOAF paroxysms during the index hospital
stay were significantly associated with a higher risk of
stroke or death in the combination cohort (HR, 2.40; 95%
CI, 1.80-3.20; P< .001) and in both of the cohorts sepa-
rately (mechanical cohort: HR, 1.98; 95% CI, 1.07-3.64;
P ¼ .029; bioprosthetic cohort: HR, 1.88; 95% CI, 1.34-
2.62; P < .001) after the exclusion of deaths within
30 days. After adjustment for EuroSCORE II, age during
the operation, the direct continuation of oral anticoagula-
tion after 3 months postoperatively (combined and bio-
prosthetic cohorts), and prosthesis type (combined
cohort), in addition to center number and the year of the in-
dex operation (random effects), the higher risk remained
significant in the combination cohort and in the bio-
prosthetic cohort (both cohorts: HR, 1.57; 95% CI, 1.14-
2.17; P ¼ .006; bioprosthetic cohort: HR, 1.57; 95% CI,
1.08-2.28; P ¼ .018), but it did not reach statistical
The Journal of Thoracic and C
significance in the mechanical cohort (HR, 1.82; 95% CI,
0.95-3.47; P ¼ .072). After similar adjustment, no signifi-
cant difference in the risk of stroke or death was observed
when NOAF patients with later AF recurrence were
compared with patients with AF after hospital discharge
only (combined cohort: HR, 1.26; 95% CI, 0.72-2.22;
P ¼ .420; mechanical cohort: HR, 0.72; 95% CI, 0.21-
2.47; P ¼ .590; bioprosthetic cohort: HR, 1.52; 95% CI,
0.77-3.00; P ¼ .230). The effect of NOAF on late AF is
illustrated in Figures 3 and 4.
The median CHA2DS2-VASc scores were 1.0 (1.0-2.0)

and 4.0 (3.0-5.0) in the mechanical and bioprosthetic co-
horts, respectively. The median score for NOAF patients
was 4.0 (3.0-5.0) and patients with late AF occurring after
hospital dischargewith or without NOAF during the postop-
erative period had a preoperative score of 4.0 (2.0-5.0).
When NOAF patients with and without major stroke during
the follow-up were compared, a significant difference in
CHA2DS2-VASc scores was detected (median CHA2DS2-
VASc score 5.0 vs 4.0; P ¼ .002). Patients with NOAF pre-
sented higher CHA2DS2-VASc scores (mechanical cohort:
median, 2.0 vs,1.0; P ¼ .001; bioprosthetic cohort: 4.0 vs
4.0; P ¼ .001). However, the association between NOAF
and death after 30 days remained significant also after
adjustment for CHA2DS2-VASc score, the direct
ardiovascular Surgery c Volume -, Number - 7
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continuation of oral anticoagulation after 3 months postop-
eratively (combined and bioprosthetic cohorts), and pros-
thesis type (combined cohort), in addition to center
number and the year of the index operation (random effects)
8 The Journal of Thoracic and Cardiovascular Surger
in the combined and bioprosthetic cohorts (combined
cohort: HR, 1.62; 95% CI, 1.21-2.17; P ¼ .001; bio-
prosthetic cohort: HR, 1.54; 95% CI, 1.11-2.14;
P ¼ .011) although it did not reach statistical significance
y c - 2021
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in the mechanical cohort (HR, 1.77; 95% CI, 0.93-3.36;
P ¼ .083). The results were similar when the association
of NOAF and the combination end point of death after
30 days or stroke after similar adjustment for CHA2DS2-
VASc score was evaluated (combined cohort: HR, 1.52;
95% CI, 1.10-2.09; P ¼ .010; mechanical cohort: HR,
1.46; 95% CI, 0.743-2.88; P ¼ .270; bioprosthetic cohort:
HR, 1.50; 95% CI, 1.03-2.17; P ¼ .033). Overall 120
(96.0%) of the NOAF patients’ deaths or strokes occurred
in patients with high CHA2DS2-VASc score (2 or more)
and 51 (40.8%) in patients with very high score (5 or
more). The occurrence of the combination end point after
in-hospital NOAF increased steadily with the increasing
CHA2DS2-VASc score.

DISCUSSION
Main Findings

In-hospital NOAF appeared to be a strong biomarker of
later AF and all-cause mortality after mechanical and bio-
prosthetic SAVR.

The Occurrence of AF After Hospital Discharge
The present study showed that AF after hospital

discharge occurred in half of the patients with in-hospital
NOAF in the combined cohort as well as in the bioprosthetic
and mechanical cohorts during long-term and accurate
follow-up of 5 years. Furthermore, of the patients with
late AF at 5-year follow-up, almost a half in the mechanical
patient group and three-quarters in the bioprosthetic patient
group had a NOAF episode also during the index hospital-
ization. In all of the patient groups, half of the AF parox-
ysms after hospital discharge appear within the first
month (Figure 3). The actual AF occurrence after discharge
is likely to be even higher, because only clinically detected
AF events were included in this study.

The incidence of NOAF during the index hospitalization
as well as AF after hospital discharge were notably high
especially considering that none of the patients had a history
of any kind of AF before the operation. The incidence of
late AF during the first months after discharge was approx-
imately similar after mechanical and bioprosthetic isolated
SAVR. During the longer follow-up, patients who under-
went bioprosthetic SAVR were more susceptible to devel-
oping AF. This could be explained because of the older
age as well as higher prevalence of comorbidities such as
hypertension, diabetes, and coronary artery disease.22-24

However, after dividing patients into those with and
without NOAF during the index hospital stay, no
significant difference between the bioprosthetic and
mechanical patient cohorts could be detected (Figure 3).
It appears therefore that the surgical trauma of the heart
and the physical stress related to the cardiac surgery iden-
tifies the patients most vulnerable to experience late
AF, by triggering a NOAF episode during the index
The Journal of Thoracic and C
hospitalization. In patients with mechanical and bio-
prosthetic isolated SAVR, if a NOAF episode does not occur
during the index hospitalization, the occurrence of late AF
after hospital discharge is similar regardless of the differ-
ences in the risk factors for AF between the 2 groups.
Individual susceptibility (eg, genetic factors),25 signifi-

cantly influence the risk of developing AF after cardiac sur-
gery. These factors can cause a complex array of
pathophysiological changes in the atria, which enhances ec-
topy and conduction disturbances, increasing the likelihood
to develop or maintain AF.26 Valvular heart disease also is
an independent risk factor for AF27; a registry of patients
with AF across 9 European countries showed that any
valvular heart disease coexisted in 63.5% of AF patients.28

Besides individual susceptibility and valvular heart disease,
there might be other unknown factors contributing to AF,
which could also play a role in the development of AF dur-
ing the index hospitalization and after discharge. In light of
the present results, the susceptible individuals can be iden-
tified by careful rhythmmonitoring during the hospital stay.
This identification might enable effective targeting of
possible preventive measures for later AF and cerebrovas-
cular events, such as long-term oral anticoagulation,
reducing the overall amount of adverse effects and costs
of these measures. Well selected patients with NOAF and
risk factors for stroke would presumably benefit from per-
manent oral anticoagulation but the more specific sub-
groups still remain to be elucidated.

NOAF and Mortality
Patients with NOAF during the index hospital stay had

higher mortality during long-term follow-up in the mechan-
ical and the bioprosthetic patient cohorts. The relative risk
increment was similar in both cohorts although patients
entering bioprosthetic SAVR are at a higher risk for postop-
erative death according to the EuroSCORE II values. Thus,
in-hospital NOAF identifies a group of patients with an
increased risk of death in the long term. Compared with pre-
vious studies, the postoperative mortality in the present
study was markedly higher.1,2,10,11 However, these data
reflect real-world practice and all-comers design, and there-
fore, the patient populations in high predictable mortality
are not excluded.

Risk Factors for AF After Hospital Discharge
Increasing age, hypertension, chronic lung disease, previ-

ous stroke or TIA, previous myocardial infarction, left
atrium dilatation, mitral valve regurgitation degree III or
more, postoperative estimated glomerular filtration rate
(minimum<60 mL/min/1.73 m2), and NOAF during index
hospitalization were shown as independent predictors of AF
after hospital discharge. The length of hospital stay was
identified as an independent protective factor for AF after
hospital discharge. Ageing, hypertension, chronic lung
ardiovascular Surgery c Volume -, Number - 9



VIDEO 1. Lead author Rikhard Bj€orn explains the key message of the

article. Video available at: https://www.jtcvs.org/article/S0022-5223(21)

00587-0/fulltext.

Adult Bj€orn et al

A
D
U
L
T

disease, previous myocardial infarction, left atrium dilata-
tion, mitral valve regurgitation, and decreased kidney func-
tion are commonly recognized predictors of AF.29

Moreover, increasing age has also been identified as an in-
dependent predictor of NOAF and AF after hospital
discharge.7,22-24,30,31 In the mechanical cohort, also valve
prothesis size was shown as an independent predictor of
AF after hospital discharge. The effect of larger valve pros-
thesis size refers most likely to the dilated aortic annulus
and different types of valvular diseases. Because the pa-
tients with larger valve prosthesis size were significantly
younger, these are most likely the patients with congenital
bicuspid aortic valve because it is also known to be associ-
ated with larger aortic annulus size.32 The patients with
larger valve prosthesis size also had more often aortic valve
regurgitation, and although the data were not available in
the present analysis; this might result in the enlargement
of left ventricle end-diastolic volumes. In the combined
cohort as well as in the biological patient cohort, patients
with active smoking had less AF after hospital discharge.
This finding is in line with previous studies,33-35 although
smoking is in general a well known predictor of AF.29 A
possible explanation for this is that patients susceptible
for developing AF might have had AF paroxysms triggered
by smoking before the operation, which led to exclusion
from the present study.

Strengths and Limitations
A validated, structured case report form was used at all

study sites, ensuring the uniformity of reporting. Data on
late mortality were obtained from Statistics Finland, which
ensures the quality of survival data of the patients. In addi-
tion, as a quality control of the database, a professional
third party monitored the data. The main limitation of
this study is its retrospective nature. However, the data
were collected from electronic patient records in which
data on baseline, operation, and outcomes are reported
in detail at each of the participating hospitals. To obtain
reliable and accurate follow-up data, only patients from
the hospitals’ catchment areas were included in this study.
Also, the patient populations were from regional catch-
ment areas where AF episodes and cerebrovascular
events are treated exclusively at the participating centers.
Another important limitation is that the detection of AF af-
ter hospital discharge was not on the basis of continuous
ECG recording (eg, Holter or implantable rhythm re-
corders) but on ECG recordings during the 3- and 12-
month follow-up visits and ECGs of symptomatic or
otherwise detected AF episodes. Thus, the actual AF
occurrence after the surgery is likely to be even higher,
because some of the asymptomatic AF episodes were
most likely missed. The authors recognize the lack of
external validation when addressing the predictors of AF
after hospital discharge. However, the analyses were first
10 The Journal of Thoracic and Cardiovascular Surge
executed in the bioprosthetic cohort only, followed by
separate analyses on the mechanical and combined co-
horts, allowing the critical evaluation of the identified pre-
dictors. The additional factors possibly affecting the risk
of AF and arising during the follow-up period were un-
available, and therefore, these factors potentially modi-
fying the results could not be analyzed. The baseline
differences between the 2 patient cohorts were inevitable.
The authors underline that the aim of this study was to
compare the effect of NOAF on late AF in selected pa-
tients undergoing mechanical or biological aortic valve
replacement rather than comparing the 2 valve types
with each other. The small size is another limitation of
this analysis, and therefore, these findings should be
viewed as hypothesis-generating.

CONCLUSIONS
In conclusion, in-hospital NOAF after SAVR increased

the risk of late AF 3.7-fold. In-hospital NOAF also
increased long-term mortality 1.6- to 2-fold after mechani-
cal and bioprosthetic SAVR (Video 1).
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TABLE E1. Baseline characteristics and operative data of patients who underwent isolated mechanical aortic valve replacement with and without

AF after hospital discharge

AF after discharge (n ¼ 74) No AF (n ¼ 179) HR (95% CI) P value

Age 60.5 (53.8-66.0) 58.0 (50.0-63.0) 1.03 (1.01-1.06) .018

Female sex 22 (29.7) 52 (29.1) 1.06 (0.64-1.74) .830

Diabetes 5 (6.8) 19 (10.6) 0.74 (0.30-1.83) .510

Dyslipidemia 33 (44.6) 65 (36.3) 1.41 (0.89-2.23) .143

Hypertension 40 (54.1) 90 (50.3) 1.23 (0.77-1.92) .401

Peripheral artery disease 1 (1.4) 1 (0.6) 2.39 (0.33-17.29) .388

Coronary artery disease 10 (13.5) 19 (10.6) 1.35 (0.69-2.64) .374

Chronic lung disease 7 (9.5) 11 (6.1) 1.61 (0.74-3.51) .230

Active smoking 7 (13.2) 28 (20.9) 0.65 (0.29-1.44) .290

Active or ex-smoker 19 (35.8) 66 (49.3) 0.69 (0.39-1.21) .191

Body mass index 29.2 � 5.5 27.8 � 4.8 1.05 (1.00-1.10) .063

Active endocarditis 4 (5.4) 14 (7.8) 0.67 (0.24-1.83) .429

Previous endocarditis 2 (2.7) 13 (7.3) 0.39 (0.10-1.60) .193

Previous venous thromboembolism 1 (1.4) 1 (0.6) 6.23 (0.85-45.48) .072

Previous stroke or TIA 4 (5.4) 5 (2.8) 2.23 (0.81-6.16) .120

Previous myocardial infarction 3 (4.1) 1 (0.6) 3.70 (1.16-11.78) .027

Previous percutaneous coronary intervention 5 (6.8) 7 (3.9) 1.93 (0.78-4.80) .156

Previous cardiac surgery 5 (6.8) 10 (5.6) 1.58 (0.63-3.93) .328

EuroSCORE II, % 0.9 (0.7-1.4) 0.9 (0.7-1.3) 1.00 (0.93-1.07) .907

NYHA class III or more 28 (37.8) 68 (38.0) 1.00 (0.62-1.59) .982

Left ventricular ejection fraction, % 58.0 (47.0-67.0) 63.0 (54.0-70.0) 1.00 (0.97-1.00) .101

Left atrium diameter, mm 43.1 � 8.3 40.7 � 7.8 1.03 (0.99-1.07) .163

Aortic valve peak pressure gradient, mm Hg 81.0 (63.0-100.0) 88.0 (70.0-103.0) 0.99 (0.98-1.00) .090

Aortic valve regurgitation 49 (68.1) 118 (67.0) 1.00 (0.61-1.65) .990

Aortic valve regurgitation degree* 2.0 (1.0-3.0) 2.0 (1.0-3.0) 0.99 (0.75-1.30) .918

Mitral valve regurgitation 28 (39.4) 55 (31.1) 1.39 (0.86-2.24) .174

Mitral valve regurgitation degreey 1.0 (1.0-2.0) 1.0 (1.0-1.0) 1.37 (0.90-2.17) .174

Pulmonary artery hypertension

Moderate to severe; systolic � 31 mm Hg 11 (29.7) 18 (17.3) 1.55 (0.76-3.16) .227

Severe; systolic � 51 mm Hg 3 (8.1) 3 (2.9) 1.37 (0.41-4.51) .610

Urgent, emergency, or salvage procedure 10 (13.5) 23 (12.8) 1.03 (0.50-2.01) .925

Pulse 70.0 (58.0-81.0) 69.0 (61.0-80.0) 1.00 (0.98-1.01) .698

Valve prosthesis size, mm 25.0 (23.0-25.0) 23.0 (23.0-25.0) 1.18 (1.03-1.35) .017

Preoperative laboratory values

EGFR 83.1 � 17.8 84.2 � 19.1 1.00 (0.99-1.01) .823

Postoperative laboratory values

eGFR minimum 92.0 (78.0-98.9) 95.7 (80.0-107.5) 0.99 (0.98-1.00) .043

CK-MB maximum 30.7 (23.5-45.9) 30.8 (23.7-41.7) 1.00 (0.99-1.01) .667

NOAF during index hospitalization 31 (41.9) 33 (18.4) 2.54 (1.59-4.03) <.001

Cardioversion during hospitalization 15 (20.3) 20 (11.2) 1.70 (0.97-3.00) .066

Reoperation due to bleeding 7 (9.5) 8 (4.5) 2.41 (1.10-5.31) .028

Delayed ventilation 5 (6.8) 12 (6.7) 1.17 (0.47-2.89) .742

Acute de novo dialysis 0 (0.0) 2 (1.1) 0.05 (0.000-3806.08) .600
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TABLE E1. Continued

AF after discharge (n ¼ 74) No AF (n ¼ 179) HR (95% CI) P value

In-hospital death 0 (0.0) 6 (3.4) 0.05 (0.00-9.75x10e6) .049

Length of hospital stay 9.0 (7.0-11.0) 8.0 (7.0-10.0) 0.99 (0.97-1.11) .578

Continuous variables are reported as median with (interquartile range) or mean� standard deviation. Other data are reported as n (%). AF, Atrial fibrillation;HR, hazard ratio;CI,

confidence interval; TIA, transient ischemic attack; EuroSCORE, European System for Cardiac Operative Risk Evaluation; NYHA, New York Heart Association; eGFR, estimated

glomerular filtration rate; CK-MB, creatinine kinase-MB; NOAF, new-onset atrial fibrillation. *Within the patients with aortic valve regurgitation. yWithin the patients with mitral

valve regurgitation.
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TABLE E2. Baseline characteristics and operative data of patients who underwent isolated bioprosthetic aortic valve replacement with and

without AF after hospital discharge

AF after discharge (n ¼ 176) No AF (n ¼ 353) HR (95% CI) P value

Age 76.0 (73.0-79.0) 74.0 (70.0-79.0) 1.04 (1.02-1.06) .002

Female sex 103 (58.5) 210 (59.5) 1.03 (0.76-1.39) .861

Diabetes 25 (14.3) 72 (20.4) 0.77 (0.51-1.18) .231

Dyslipidemia 102 (58.6) 194 (55.0) 1.16 (0.86-1.57) .335

Hypertension 140 (79.5) 240 (68.0) 1.74 (1.21-2.51) .003

Peripheral artery disease 11 (6.3) 18 (5.1) 1.23 (0.67-2.26) .516

Coronary artery disease 47 (26.7) 83 (23.5) 1.25 (0.89-1.74) .193

Chronic lung disease 36 (20.6) 56 (15.9) 1.24 (0.86-1.79) .254

Active smoking 5 (3.4) 29 (8.9) 0.42 (0.17-1.03) .058

Active or ex-smoker 35 (25.5) 98 (31.9) 0.79 (0.54-1.15) .217

Body mass index 27.2 (24.4-30.5) 27.7 (24.7-30.8) 1.00 (1.00-1.01) .660

Active endocarditis 4 (2.3) 9 (2.6) 0.91 (0.34-2.46) .854

Previous endocarditis 3 (1.7) 2 (0.6) 1.88 (0.59-5.94) .285

Previous venous thromboembolism 3 (1.7) 8 (2.3) 0.75 (0.24-2.33) .613

Previous stroke or TIA 28 (16.4) 49 (14.5) 1.11 (0.74-1.67) .616

Previous myocardial infarction 15 (8.5) 19 (5.4) 1.46 (0.86-2.47) .164

Previous percutaneous coronary intervention 7 (4.0) 27 (7.6) 0.59 (0.28-1.25) .167

Previous cardiac surgery 9 (5.1) 19 (5.4) 0.97 (0.50-1.90) .936

EuroSCORE II (%) 1.9 (1.4-2.8) 1.7 (1.2-2.5) 1.03 (1.00-1.07) .069

NYHA class III or more 108 (61.4) 158 (44.8) 1.73 (1.27-2.34) <.001

Left ventricular ejection fraction, % 61.0 (54.0-69.3) 61.0 (53.0-70.0) 1.00 (0.99-1.01) .978

Left atrium diameter, mm 43.0 (39.0-46.5) 41.0 (36.0-45.0) 1.04 (1.02-1.07) .001

Aortic valve peak pressure gradient, mm Hg 81.0 (70.0-97.8) 78.0 (65.0-95.0) 1.01 (1.00-1.01) .175

Aortic valve regurgitation 98 (58.0) 186 (55.4) 1.10 (0.81-1.49) .559

Aortic valve regurgitation degree* 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.10 (0.88-1.38) .369

Mitral valve regurgitation 97 (56.7) 173 (50.9) 1.27 (0.94-1.71) .128

Mitral valve regurgitation degreey 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.76 (1.26-2.47) .001

Pulmonary artery hypertension

Moderate to severe; systolic � 31 mm Hg 27 (19.6) 40 (13.1) 1.23 (0.81-1.83) .335

Severe; systolic � 55 mm Hg 4 (2.9) 8 (2.6) 0.98 (0.36-2.67) .963

Urgent, emergency, or salvage procedure 7 (4.0) 13 (3.7) 1.05 (0.49-2.24) .900

Pulse 69.0 (62.0-76.0) 68.0 (60.8-77.0) 1.01 (0.99-1.02) .288

Valve prosthesis size, mm 23.0 (21.0-23.0) 23.0 (21.0-23.0) 1.01 (0.92-1.09) .912

Preoperative laboratory values

EGFR 73.2 � 20.6 77.3 � 20.7 0.99 (0.99-1.00) .063

Postoperative laboratory values

EGFR minimum 63.0 (48.0-84.0) 61.0 (56.0-80.0) 1.00 (0.99-1.01) .777

CK-MB maximum 28.8 (20.0-37.3) 24.0 (17.0-34.0) 1.00 (1.00-1.00) .435

NOAF during index hospitalization 137 (77.8) 134 (38.3) 4.35 (3.05-6.22) <.001

Cardioversion during hospitalization 56 (31.8) 39 (11.1) 3.05 (2.22-4.21) <.001

Reoperation due to bleeding 14 (8.0) 33 (9.4) 0.85 (0.49-1.48) .560

Delayed ventilation 16 (9.1) 33 (9.5) 1.15 (0.69-1.92) .596

Acute de novo dialysis 2 (1.1) 5 (1.4) 1.15 (0.29-4.64) .846
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TABLE E2. Continued

AF after discharge (n ¼ 176) No AF (n ¼ 353) HR (95% CI) P value

In-hospital death 1 (0.6) 5 (1.4) 2.11 (0.29-15.18) .457

Length of hospital stay 8.0 (7.0-12.0) 8.0 (7.0-11.0) 0.98 (0.96-1.01) .215

Continuous variables are reported as median with (interquartile range) or mean� standard deviation. Other values are reported as n (%). AF, Atrial fibrillation; HR, hazard ratio;

CI, confidence interval; TIA, transient ischemic attack; EuroSCORE, European System for Cardiac Operative Risk Evaluation; NYHA, New York Heart Association; eGFR, esti-

mated glomerular filtration rate;CK-MB, creatinine kinase-MB; NOAF, new-onset atrial fibrillation. *Within the patients with aortic valve regurgitation. yWithin the patients with

mitral valve regurgitation.
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