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ABSTRACT
Background: Despite excellent data on lowering longterm stroke and all-cause mortality rates, currently, only
25–40% of atrial fibrillation (AF) patients undergo simultaneous surgical ablation therapy (SA) during cardiac surgery.
Surgeon’s fear exposing their patients to an additional, unjustified, and disproportionate risk when performing SA in AF
patients presenting with sinus rhythm (SR) before surgery. To
clarify the influence of preoperative SR before SA for AF, we
conducted a subgroup analysis of the German Cardiosurgical
Atrial Fibrillation (CASE-AF) register.
Methods: Between September 2016 and August 2020,
964 AF patients with an underlying cardiac disease were
scheduled for surgery with SA and enrolled in the CASE-AF
register. Data prospectively were collected and analyzed retrospectively. We divided the entire cohort into an SR-group
(38.2%, N = 368) and an AF-group (61.8%, N = 596), based
on preoperative heart rhythm.
Results: Over half of the patients were moderately affected
by their AF, with no difference between the groups (European
Heart Rhythm Association class ≥IIb: SR-group 54.2% versus
AF-group 58.5%, P = .238). The AF-group had a higher preoperative EuroSCORE II (4.8 ± 8.0% versus 4.2 ± 6.3%,
P = .014). In-hospital mortality (SR-group 0.8% versus AFgroup 1.7%, P = .261), major perioperative adverse cardiac
and cerebrovascular events (SR-group 2.7% versus AF-group
3.5%, P = .500), and the new pacemaker implantation rate
(SR-group 6.0% versus AF-group 5.9%, P = .939) were low
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and showed and no group difference. Logistic regression
analysis showed a protective effect for preoperative SR to
perioperative complications in AF patients undergoing SA
(odds ratio (OR) 0.72 (95% CI 0.52 - 0.998); P = .0485).
Conclusions: Concomitant SA in AF patients presenting
in SR before cardiac surgery is safe, has a low perioperative risk
profile, and should be carried out with almost no exceptions.
INTRODUCTION
Depending on the underlying disease, 5-41% of patients
who undergo cardiac surgery have a history of concomitant
atrial fibrillation (AF) [Badhwar 2017]. Despite excellent
data on an improved quality of life, lower long-term stroke
rates and decreased all-cause mortality through surgical ablation therapy (SA) compared with non-treated AF patients
[Badhwar 2017; Gillinov 2015; Iribarne 2019; Lee 2012;
Musharbash 2018], as well as convincing guidelines [Badhwar
2017; Hindricks 2020; January 2019], currently, only 25–40%
of the AF patients were ablated simultaneously during cardiac surgery [Badhwar 2017]. Many cardiac surgeons seem
to believe that AF patients in sinus rhythm (SR) at the time
of hospital admission or surgery are unlikely to benefit from
additional AF ablation. Moreover, some surgeons fear the
risk of concomitant rhythm therapies, especially in patients
presenting in SR at surgery with short-lasting paroxysmal AF
carrying a low disease burden. Unfortunately, a temporary
sinus rhythm with a symptom-free interval in a patient with
accurately diagnosed AF is considered by some surgeons to
constitute a sort of spontaneous cure. However, the heart's
structural anomalies caused by AF persist despite the temporary sinus rhythm and will worsen as the AF progresses
[Hindricks 2020].
There is a lack of data on the periprocedural safety of concomitant SA in patients with AF who present in SR before
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cardiac surgery. We therefore conducted a subgroup analysis of the nationwide, prospective, observational, multicenter
German Cardiosurgical Atrial Fibrillation (CASE-AF) register to understand better the impact of a preoperative SR on
the short-term safety outcome after SA. We expressly emphasize that this work's focus is not on investigating the effectiveness of SA to establish an SR.
PATIENTS AND METHODS
The (CASE-AF) is an on-going nationwide, prospective,
observational, multicenter study governed by the Institute
for Heart Attack Research (Institute für Herzinfarktforschung (IHF), Ludwigshafen, Germany) that collects data
on the clinical outcome of patients undergoing SA for AF
[Wehbe 2020]. Between September 2016 and August 2020,
17 German cardiac surgery centers enrolled 964 consecutive patients. Patients with AF and an underlying cardiac
disease scheduled for surgery with concomitant SA or
patients with stand-alone SA were included in the register.
We divided the entire cohort into an SR group (38.2%, N
= 368) and AF-group (61.8%, N = 596), in terms of their
preoperative heart rhythm.
Study endpoints: In our study, the primary endpoint was
all-cause in-hospital mortality. Secondary endpoints were
stroke, myocardial infarction, new permanent pacemaker
implantation (PPI), and the combined endpoint of major
adverse cardiac and cerebrovascular events (MACCE = any
death, myocardial infarction, and stroke). Additionally, we
examined other major and heart-rhythm-specific outcome
parameters during hospitalization and at the time of discharge.
Statistics: Categorical variables were presented as counts
and percentages and were compared via the Chi-square test.
Continuous variables were presented as median and interquartile-range or mean and standard deviation and compared
by the Mann-Whitney-Wilcoxon test. Impact of preoperative SR on short-term outcomes was further tested in logistic regression analyses calculated as a comparison against the
patients operated in AF in the CASE-AF register and corresponding odds ratio (OR) with 95% confidence interval
(CI) were presented. All tests were 2-tailed, and P-values <.05
were considered statistically significant. All analyses were
performed using SAS statistical software package, version 9.4
(Cary, NC, USA).
Ethical considerations: This study was approved by the
Ethics Committee (Landesärztekammer Rheinland-Pfalz,
ID: 837.536.15 [10304]). The CASE-AF register was entered
into the ClinicalTrials.gov database (NCT03091452). The
study design, pseudonymous data acquisition, and data publication follow the Declaration of Helsinki.
RESULTS
Table 1 summarizes preoperative patient characteristics.
The SR-group’s left ventricular ejection fraction (LVEF)
was slightly higher (55 ± 11% versus 53 ± 11%). Also, the
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SR-group was more likely to have peripheral vascular disease (7.6% versus 4.5%, P = .046), hepatic disease (4.1%
versus 1.5%), and less likely to have chronic kidney disease (15.5% versus 23.2%). Furthermore, the AF-group’s
EuroSCORE II was higher (4.8 ± 8.0% versus 4.2 ± 6.3%).
Moreover, AF-group patients were more likely to present a preoperative New York Heart Association class ≥ III
(57.2% versus 50.6%). AF-group patients suffered from
longer-lasting atrial fibrillation, but there was no difference in symptom severity between groups (European Heart
Rhythm Association class ≥ IIb, SR-group 54.2% versus
AF-group 58.5%). In addition, AF-group patients presented a negligibly larger left atrium (49 ± 10 mm versus 47
± 9 mm). As the leading underlying cardiac pathology, heart
valve disease was more common in the AF-group than in
the SR-group (64.1% versus 54.6%). Conversely, patients
in the SR-group were more likely to have coronary artery
disease (37.4% versus 25.4%).
Table 2 illustrates periprocedural details. A minimally
invasive approach to surgery was taken more often in the
AF-group (36.0% versus 26.2%, P = .003), and they underwent endocardial (51.0% versus 43.9%, P = .031) and cryoablation (52.0% versus 41.7%, P < .001) more frequently,
whereas the SR-group underwent more epicardial (64.0%
versus 55.2%, P = .007) and radiofrequent (58.3% versus
48.7%, P = .004) ablation. However, when the AF-group
underwent radiofrequent ablation, the total duration of SA
was longer than in the SR-group (468 ± 510 s versus 386
± 483 s, P = .037). SA was more extensive in the AF group
than the SR group. The proportion of box isolations (71.0%
versus 57.0%, P < .001) and application of LA lines (50.4%
versus 43.0%, P = .052) and RA lines (15.0% versus 7.0%,
P = .002) were more frequent in the AF-group. Immediately
after surgery, more SR-group patients were in SR than in the
AF-group (93.0% versus 86.0%, P = .042).
Table 3 summarizes postoperative outcomes. The SRgroup’s in-hospital mortality was below one percent; this value
did not differ between groups (SR-group 0.8% versus AFgroup 1.7%, P = .261). Major adverse cardiac and cerebrovascular events did not differ either between groups (SR-group
2.7% versus AF-group 3.5%, P = .500). We noted a higher rate
of low cardiac output syndrome (1.3% versus 0.0%, P = .026),
severe postoperative bleeding (3.5% versus 0.5%, P = .003), and
re-thoracotomy (6.2% versus 1.9%, P = .002) in the AF-group.
Table 4 displays SA-specific postoperative outcomes. The
new PPI rate was six percent, which did not differ between
groups (SR-group 6.0% versus AF-group 5.9%, P = .939).
Twenty percent of the patients in both groups underwent
cardioversion once postoperatively (SR-group 20.2% versus
AF-group 18.5%, P = .513). About three-quarters of the
patients were taking a beta-blocker medication at discharge
(SR-group 73.3% versus AF-group 75.9%, P = .361). Less
than 90% were orally anticoagulated (SR-group 87.7%
versus AF-group 87.9%, P = .948), a value that did not differ
between groups. However, the AF-group’s proportion of
class III antiarrhythmic amiodarone (discharge medication)
was lower (26.1% versus 35.7%, P = .002). Furthermore, the
AF-group was more likely to be taking digitalis glycoside
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upon discharge (4.0% versus 1.6%, P = .037). At discharge,
81.3% of the SR-group and 61.2% of the AF-group had sinus
rhythm (P < .001).
Logistic regression analysis showed a protective effect
on perioperative complications (combined endpoint of all

complications listed in Table 3 and 4) for the SR before cardiac surgery with SA (odds ratio (OR) 0.72 (95% CI 0.52 0.998); P = .0485). Also, patients with preoperative SR were
almost three times more likely to be discharged in sinus
rhythm (adjusted OR 2.81 (95% CI 2.05-3.84); P < .0001).

Table 1. Preoperative patient characteristics
Variable

Odds ratio (95%-CI) or P

SR (N = 368)

AF (N = 596)

Age, y

66.8 ± 10.5

68.3 ± 9.1

0.061

Female

31.0

30.0

1.05 (0.79-1.39)

Diabetes

19.8

18.2

1.12 (0.80-1.55)

Hypertension

74.2

74.1

1.00 (0.75-1.35)

Chronic kidney disease

15.5

23.2

0.61 (0.43-0.85)

Peripheral vascular disease

7.6

4.5

1.73 (1.00-2.99)

Prior AMI

8.4

8.4

1.00 (0.63-1.60)

Prior CVA

9.8

8.1

1.24 (0.79-1.94)

Chronic obstructive pulmonary disease

9.5

7.2

1.35 (0.85-2.15)

Sleep apnea syndrome

3.5

5.7

0.60 (0.31-1.16)

Electric cardiac device

7.6

8.6

0.88 (0.55-1.43)

Hepatic disease

4.1

1.5

2.77 (1.20-6.39)

Prior cardiac surgery

2.2

1.8

1.18 (0.47-2.97)

4.19 ± 6.31

4.85 ± 7.96

0.014

Paroxysmal

74.2

35.7

5.17 (3.88-6.89)

Persistent

19.6

36.6

0.42 (0.31-0.57)

Long-persistent AF

6.3

27.7

0.17 (0.11-0.28)

EuroSCORE II, %
Type of AF

Left ventricular ejection fraction, %

55 ± 11

53 ± 11

0.003

Left ventricular end-diastolic diameter, mm

51 ± 12

51 ± 14

0.885

Left atrial diameter, mm

47 ± 9

49 ± 10

<0.001

4.3

6.4

0.66 (0.34-1.29)

CHA2DS2-Vasc Score

3.0 ± 1.6

3.1 ± 1.6

0.221

HAD-BLED Score

2.0 ± 1.2

2.0 ± 1.1

0.985

83.5

90.6

0.53 (0.36-0.78)

Left atrial thrombus

Antithrombotic therapy
Oral anticoagulation
VKA

14.1

17.4

0.78 (0.53-1.16)

DOAC

64.8

69.6

0.80 (0.61-1.06)

30.9

25.0

1.34 (1.00-1.79)

Number of anti-arrhythmic drugs used

1±1

1±1

0.590

Refractory to amiodarone

13.9

14.8

0.93 (0.58-1.48)

Previous electrical cardioversion

1±1

1±2

0.136

Prior ablation attempt

15.4

16.4

0.93 (0.65-1.34)

Antiplatelet therapy
Prior treatment of AF

AF, atrial fibrillation; AMI, acute myocardial infarction; CVA, cerebrovascular accident; DOAC, direct oral anticoagulants; SR, sinus rhythm; VKA, vitamin K
antagonist
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Table 2. Periprocedural details
SR (N = 368)

AF (N = 596)

Odds ratio (95%-CI)

P

Median sternotomy

72.8

64.0

1.51 (1.13-2.00)

-

Lateral thoracotomy*

20.1

24.9

0.76 (0.55-1.04)

7.1

11.1

0.61 (0.38-0.98)

.003

Variable
Surgical access

Thoracoscopic*
*Conversion necessary

0.8

0.8

0.97 (0.23-4.10)

.972

83.7

84.1

0.97 (0.68-1.39)

.881

CABG

44.2

32.3

1.73 (1.30-2.29)

<.001

Mitral valve reconstruction

28.3

40.0

0.59 (0.44-0.80)

<.001

Mitral valve replacement

8.4

13.1

0.61 (0.39-0.97)

.037

Aortic valve replacement

27.7

29.2

0.93 (0.68-1.26)

.632

Aortic valve reconstruction

1.2

2.7

0.44 (0.14-1.35)

.141

Aortic surgery

4.8

5.2

0.92 (0.49-1.74)

.808

Tricuspid valve reconstruction

9.0

15.2

0.55 (0.36-0.87)

.009

Tricuspid valve replacement

0.3

1.8

0.19 (0.02-1.55)

.085

Any atrial septal closure

3.9

2.9

1.37 (0.64-2.92)

.410

Cardiopulmonary bypass used
Procedures performed

Standalone AF ablation

9.5

12.6

0.73 (0.48-1.12)

.145

AF ablation under cardiac arrest

56.7

62.4

0.79 (0.61-1.03)

.082

Endocardial

43.9

51.0

0.75 (0.58-0.97)

.031

Epicardial

64.0

55.2

1.44 (1.11-1.89)

.007

Energy emitted

Energy source used for ablation
Radiofrequency
Maximum output, Watt
Total duration, sec
Cryoablation
Minimal temperature, °C
Total duration, sec

58.3

48.7

1.47 (1.13-1.91)

.004

36 ± 20

35 ± 21

-

0.991

386 ± 483

468 ± 510

-

0.037

41.7

52.0

0.62 (0.48-0.81)

<.001

-69 ± 15

-67 ± 11

-

0.818

538 ± 283

510 ± 272

-

0.505

57.0

71.0

0.54 (0.40-0.74)

<.001

Concept of ablation lines
Box isolation
Pulmonary vein isolation

61.5

56.9

1.21 (0.89-1.64)

.229

Left atrial lines

43.0

50.4

0.74 (0.55-1.00)

.052

Right atrial lines

7.0

15.0

0.43 (0.25-0.73)

.002

Complete Cox Maze IV

15.8

6.0

2.95 (0.60-14.54)

.167

Easy

71.5

61.6

1.57 (1.18-2.08)

Moderately difficult

19.1

29.0

0.58 (0.42-0.79)

Very difficult

9.4

9.5

0.99 (0.63-1.55)

Individual degree of difficulty of the ablation

Left atrial appendage isolation
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.005

88.9

90.3

0.86 (0.56-1.31)

.489

LAA isolation under cardioplegic arrest

65.1

64.7

1.02 (0.77-1.34)

.905

Complete LAA isolation

98.9

98.9

1.06 (0.09-11.83)

.963
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Table 2. Periprocedural details [CONT.]
Variable

AF (N = 596)

93.0

86.6

2.07 (1.01-4.23)

.042

Atrial tachycardia

1.3

8.1

0.14 (0.03-0.63)

.003

Atrioventricular block 2nd degree

1.3

1.6

0.78 (0.14-4.29)

.770

Atrioventricular block 3rd degree

4.4

3.7

1.22 (0.45-3.35)

.699

Sinus rhythm

Odds ratio (95%-CI)

P

SR (N = 368)

AF, atrial fibrillation; CABG, coronary artery bypass grafting; CI, confidence interval; LAA, left atrial appendage; OR, odds ratio; SR, sinus rhythm

DISCUSSION
Our findings can be summarized as: Additional SA during
cardiac surgery in patients with known AF who present for
surgery in SR is safe. These patients were not exposed to an
additional perioperative risk of mortality and morbidity. We
found that the presence of preoperative SR had a protective
effect, that is, fewer perioperative complications, in patients
with AF who underwent concomitant SA.
The frequency of SA in AF patients undergoing cardiac surgery is relatively low [Badhwar 2017; McCarthy 2020]. Unfortunately, there is almost no data on surgeons’ reasons for avoiding SA. AF patients with SR before surgery probably represent
part of the non-ablated patient group. Some surgeons assume
that by performing an SA in AF patients with preoperative
SR, they are unjustifiably increasing mortality and morbidity
with no benefit to their patients, especially when confronting
very brief or permanent AF. However, SA is most successful
in patients with short-lasting atrial fibrillation, when the left
atrium diameter is still small, and when the patient is younger
[Beukema 2008; Chaiyaroj 2008; Chen 2004; Gillinov 2006;
Sunderland 2011]. Especially in short-lasting AF cases, it is very
rewarding to carry out an additional ablation at an early stage of
pending heart surgery to re-establish SR permanently.
In-hospital mortality was surprisingly low in our study.
With an in-hospital mortality rate of around 4.5% calculated preoperatively via the EuroSCORE II, only 0.8% of
our SR-group patients died in hospital, despite simultaneous
SA. Note that the in-hospital mortality rate of patients presenting with AF before surgery in the CASE-AF register was
1.2%. It is common knowledge that mortality among heart
surgery patients rises in conjunction with an intervention’s
increasing complexity caused by their underlying pathology, more extensive surgery, and longer cardiopulmonary
bypass times [Iino 2017; Salis 2008]. If we compare our SRgroup patients’ in-hospital mortality (0.8%) with data from
recent large, randomized controlled trials (RCT) on bypass
surgery or aortic valve surgery (where in-hospital mortality
was 1.0-3.5% [Mack 2019; Mäkikallio 2016; Popma 2019;
Serruys 2009; Stone 2016], our real-world registry results
match those of patients who underwent only isolated cardiac
procedures within large and highly selective RCTs without
additional SA. Moreover, we observe the same for stroke and
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MACCE [Mack 2019; Mäkikallio 2016; Popma 2019; Serruys
2009; Stone 2016]. Also, no patient in our SR-group suffered
a complication, which are more likely to occur in interventional ablations (where it is around 0.5%, i.e., pulmonary vein
injury or stenosis, phrenic nerve palsy, vena cava, or esophageal injury [Kany 2021; Rottner 2021; Zylla 2020]). In addition, only 0.3% of patients in the SR group had a pulmonary
embolism. Additional SA increases perioperative mortality
and morbidity neither in patients with any AF, as research
groups have recently reported [Ad 2012; Gillinov 2015; Lee
2012; Malaisrie 2012; Musharbash 2018], nor in patients
with paroxysmal AF exclusively [McCarthy 2013]. Moreover,
there is evidence of no difference in perioperative mortality
and morbidity compared with patients without AF who did
not undergo additional SA [Ad 2012; Lee 2012; Musharbash
2018]. In fact, there is recent evidence of a long-term survival
benefit for patients with SA compared with non-ablated AF
patients [Iribarne 2019; Lee 2012; Musharbash 2018].
The low rate of perioperative stroke (1.6%) in our study
and in the entire CASE-AF register cohort might also be
due to the high number of additional left atrial appendage (LAA) isolations. Our approximately 90% LAA isolation rate is impressive, but there is still room for improvement. A recent paper relying on the Society of Thoracic
Surgeons Adult Cardiac Surgery Database examined nearly
11,000 AF patients undergoing cardiac surgery [Friedman
2018]. Their LAA isolation rate was only 37%. However,
the rate of additional SA unfortunately was only about 42%.
In patients with additional SA, the rate of LAA isolation
was 94% - somewhat similar to our data [Friedman 2018].
Moreover, in a meta-analysis by Tsai et al. involving a total
of 3,653 cardiac surgery patients undergoing SA, the group
with additional LAA isolation suffered significantly fewer
perioperative strokes and no increased mortality or higher
reoperation rates due to bleeding [Tsai 2015]. Cox and colleagues also demonstrated that resection or complete closure
of the LAA significantly reduced the perioperative stroke risk,
and nearly eliminated the long-term stroke risk [Cox 1999].
We emphasize that LAA isolation must be done right: The
most effective closure options are excision [Kanderian 2008],
which can only be applied by open-heart surgery, and accessindependent isolation of the LAA utilizing a clip [Emmert
2014]. Furthermore, the closure technique should be adapted
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Table 3. Overall postoperative outcomes
Variable

SR (N = 368)

AF (N = 596)

Odds ratio (95%-CI)

P

In-hospital mortality

0.8

1.7

0.48 (0.13-1.77)

.261

Myocardial infarction

0.5

0.5

1.08 (0.18-6.51)

.930

Cerebrovascular accident

1.6

1.5

1.08 (0.38-3.07)

.879

MACCE

2.7

3.5

0.77 (0.36-1.65)

.500

CPR

0.8

2.0

0.40 (0.11-1.43)

.146

Low cardiac output

0.0

1.3

-

.026

Acute kidney injury

1.1

2.7

0.40 (0.13-1.20)

.092

Pulmonary embolism

0.3

0

-

.202

Respiratory failure

0.8

2.5

0.32 (0.09-1.11)

.059

TIA < 24 h

1.1

0.5

2.18 (0.48-9.79)

.298

Heparin-induced thrombocytopenia

0.3

0

-

.202

Hemato- /Pneumothorax

1.4

3.4

0.40 (0.15-1.07)

.059

Pericardial effusion

3.3

3.9

0.84 (0.41-1.71)

.635

0

0.2

-

.432

Atrioventricular dissection
Injury of the inferior vena cava

0

0.2

-

.432

Injury of the ramus circumflexus

0.3

0

-

.202

Pulmonary vein injury

0.0

0.2

-

.432

Esophagus injury

0.0

0.0

-

-

Severe post-op bleeding

0.5

3.5

0.15 (0.03-0.64)

.003

Re-thoracotomy

1.9

6.2

0.29 (0.13-0.67)

.002

Redo surgery

0.3

0.3

0.81 (0.07-8.98)

.865

Deep sternal wound infection

0.5

0.8

0.65 (0.13-3.36)

.602

10 (8, 13)

10 (8, 15)

-

.170

Length of stay in hospital after surgery

AF, atrial fibrillation; CI, confidence interval; CPR, cardiopulmonary resuscitation; MACCE, major adverse cardiac and cerebrovascular events; OR, odds ratio;
SR, sinus rhythm; TIA, transient ischemic attack

to the LAA’s anatomy, and residual LAA perfusion should
be avoided as much as possible, since that raises the risk of
thrombus formation [Di Biase 2012]. To ensure complete
LAA isolation without residual perfusion and avoid creating
iatrogenic stroke sources, we recommend intraoperative TOE
monitoring. TOE should be repeated after three months.
A further argument against performing simultaneous SA
in subjectively unsuitable AF patients is the higher rate of new
PPI, because permanent right ventricular pacing triggers an
increased incidence of AF, heart failure, and mortality [Nielsen
2003; Sweeney 2003; Wilkoff 2002]. After SA, the PPI rates
in the literature range from 0.8 to 23.3% [Churyla 2020]. In
our work, the rate of new in-hospital PPI was 6.5%. In the
study of Badhwar et al. [Badhwar 2017], the rate was 7.6%,
and in Musharbash et al. [Musharbash 2018], even 11.0%.
Nevertheless, both studies demonstrated a long-term survival advantage for the ablated AF patients compared with the
non-ablated group [Badhwar 2017; Musharbash 2018]. However, the reasons for requiring a PPI after SA are not yet well
understood. A junctional rhythm and sick-sinus-syndrome
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that is demasked after SA are possible contributing negative
factors [Cox 2018]. The junctional rhythm usually recedes
and is often worsened by faulty surgical manipulation [Cox
2018]. Due to the understandable reluctance to discharge
patients in junctional rhythm and the financial pressures of
keeping in-hospital stays brief, many patients unnecessarily
receive a PPI. As already proven by Cox and colleagues in
1993, patients with a sufficiently functioning sinoatrial node
do not need a PPI after SA [Cox 1993]. The SA itself probably
plays a minor role in a PPI's necessity later; surgical technique and experience seem to play a much more significant
role [Churyla 2020].
Limitations: This study's most important limitation is
that only patients with AF were included in the CASE-AFregister. Establishing a control group for comparison with
non-ablated patients in SR is not possible with our registry
data. Also, our results reflect only the short-term outcomes
and do not include a long-term follow up. Furthermore,
we explicitly state again that this study was not designed to
investigate SA efficacy. Instead, we wanted to investigate
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Table 4. AF-ablation-specific postoperative outcomes
SR (N = 368)

AF (N = 596)

Odds ratio (95%-CI)

P

Ventricular tachycardia

1.1

0.7

1.63 (0.41-6.56)

.487

AV block 3rd degree

4.4

4.5

0.96 (0.51-1.81)

.901

Sinoatrial arrest

1.6

1.2

1.40 (0.47-4.19)

.548
.513

Variable
Severe cardiac arrhythmias after surgery

Cardioversion after surgery

20.2

18.5

1.12 (0.80-1.55)

Electric

68.5

80.7

0.52 (0.26-1.03)

Pharmaceutical

32.9

21.1

1.83 (0.94-3.58)

.060

1 ± 1 (N = 74)

1 ± 1 (N = 110)

-

.016

6.0

5.9

1.02 (0.59-1.77)

.939

Class I

2.2

3.2

0.67 (0.29-1.56)

.353

Class II

73.3

75.9

0.87 (0.65-1.17)

.361

Class III

35.7

26.1

1.57 (1.19-2.08)

.002

Number of cardioversions
New pacemaker implantation
Medication at discharge
Antiarrhythmic drugs

1.6

4.0

0.39 (0.16-0.98)

.037

Anticoagulation

Digitalis

87.7

87.9

0.99 (0.66-1.47)

.948

VKA

41.9

44.6

0.90 (0.68-1.19)

.440

UFH

2.2

2.1

1.03 (0.40-2.69)

.948

LMWH

12.7

16.3

0.75 (0.50-1.12)

.160

DOAC

46.0

42.3

1.17 (0.90-1.52)

.249

Anti-platelet therapy

53.4

47.5

1.27 (0.98-1.65)

.074

ACE inhibitor/ARB

46.0

49.8

0.86 (0.66-1.12)

.254

Diuretics

51.2

53.4

0.92 (0.71-1.19)

.518

Proton pump inhibitor

44.1

33.7

1.56 (1.19-2.03)

.001

NSAID

1.4

3.4

0.40 (0.15-1.07)

.058

Corticosteroids

3.0

2.4

1.28 (0.57-2.85)

.545

Sinus rhythm

81.3

61.2

2.74 (2.01-3.74)

Atrial fibrillation

14.1

31.7

0.35 (0.25-0.50)

Other

4.6

7.0

0.64 (0.36-1.14)

Cardiac rhythm at discharge

<.001

ACE, Angiotensin-converting enzyme; AF, atrial fibrillation; ARB, angiotensin receptor blocker; DOAC, direct oral anticoagulants; NSAID, LMWH, Low molecular weight heparin; Nonsteroidal anti-inflammatory drugs; SR, sinus rhythm, UFH, Unfractionated heparin; VKA, vitamin K antagonist

perioperative patient safety and the adverse event profile in
AF patients with preoperative SR who underwent additional
SA. Most of this study's other limitations lie in its observational and retrospective design.
CONCLUSION
Simultaneous SA is safe in patients with known AF presenting in SR for cardiac surgery and carries a low risk for

© 2021 Forum Multimedia Publishing, LLC

perioperative mortality and morbidity. However, depending on the index procedure performed, a slightly higher
new PPI rate may appear if concomitant SA is performed.
Our data revealed no justification for avoiding concomitant SA during heart surgery in AF patients with a preoperative SR. On the contrary, there is evidence of SA’s
protective perioperative effect in these patients. To better
understand the impact of preoperative SR on the safety and
efficacy of SA in AF patients, prospective randomized trials
are warranted.
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