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Abstract
Introduction Postoperative atrial fibrillation (POAF)
is a common phenomenon following cardiac surgery.
In this study, we assessed current preventive strate-
gies used by Dutch cardiothoracic centres, identified
common views on this matter and related these to
international guidelines.
Methods We developed an online questionnaire and
sent it to all cardiothoracic surgery centres in the
Netherlands. The questionnaire concerned the man-
agement of POAF and the use of pharmaceutical
therapies (beta-blockers and calcium antagonists)
and non-pharmaceutical methods (posterior left
pericardiotomy, pericardial flushing and epicardial
botulinum toxin type A injections). Usage of elec-
trical cardioversions, anticoagulants and left atrial
appendage closure were also enquired.
Results Of the 15 centres, 14 (93%) responded to the
survey and 13 reported a POAF incidence, ranging
from 20 to 30%. Of these 14 centres, 6 prescribed pre-
operative AF prophylaxis to their patients, of which
non-sotalol beta-blockers were prescribed most com-
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monly (57%). Postoperative medication was admin-
istered by all centres and included non-sotalol beta-
blockers (38%), sotalol (24%), digoxin (14%), cal-
cium antagonists (13%) and amiodarone (10%). Only
2 centres used posterior left pericardiotomy or peri-
cardial flushing as surgical manoeuvres to prevent
POAF. Moreover, respondents expressed the need for
guidance on anticoagulant use.
Conclusion Despite the use of various preventive
strategies, the reported incidence of POAF was similar
in Dutch cardiothoracic centres. This study high-
lights limited use of prophylactic amiodarone and
colchicine, despite recommendations by numerous
guidelines, and restricted implementation of surgical
strategies to prevent POAF.

Keywords Atrial fibrillation · Postoperative
complications · Surveys · Questionnaires

What’s new?

� This survey showed that most Dutch cardio-
thoracic centres did not prescribe preoperative
prophylaxis for postoperative atrial fibrillation
(POAF) despite positive recommendations.

� Specifically, colchicine and amiodarone were not
implemented as prophylaxis, despite strong rec-
ommendations by multiple guidelines.

� Usage of non-pharmaceutical interventionmeth-
ods and predictive risk scores were limited
among Dutch cardiothoracic centres.

� Most respondents expressed the need for uni-
formmanagement of POAF and better guidelines
on anticoagulant prescription (specifically dura-
tion).
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Introduction

Postoperative atrial fibrillation (POAF) is frequently
seen after cardiac surgery and is associated with heart
failure, longer hospitalisation, stroke and increased
mortality [1, 2]. In this respect, POAF could serve as
a relevant discriminative marker for future cardiovas-
cular risks [3]. Early POAF is defined as new-onset AF
that occurs within the 30-day postoperative period
and usually has a self-limiting course over 5–7 days.
Local management protocols consist of treatment
strategies once patients present with POAF. However,
there is an increasing interest in ways to prevent this
complication altogether instead of merely treating it.
Still, the debate remains whether one should aim to
eliminate POAF completely, considering POAF could
serve as a potential marker for atrial myocardiopathy
rather than a cause of detrimental outcomes.

According to the European Society of Cardiology
(ESC) in collaboration with the European Association
for Cardio-Thoracic Surgery (EACTS), the incidence
of AF after cardiac surgery is 15–45% [4]. To prevent
POAF, the ESC/EACTS Guidelines favour the use of
perioperative beta-blockers and/or amiodarone and
correction of electrolyte imbalances. Posterior left
pericardiotomy and bi-atrial pacing are also recom-
mended. The Canadian Cardiovascular Society rec-
ommends a ventricular response rate- or rhythm-con-
trol strategy [5]. Prophylactic sotalol or amiodarone
were suggested in case other beta-blockers are con-
tra-indicated [6]. Colchicine is the only anti-inflam-
matory agent recommended to prevent POAF. Other
recommended preventive agents are ranolazine and
digoxin [7–9].

Non-pharmacological preventative measures in-
clude posterior left pericardiotomy, which entails cut-
ting the posterior pericardium. This allows drainage
of excess blood and fluid, prevents inflammation and
reduces the tendency of AF to occur [10–12]. Alter-
native methods are active tube clearance to minimise
common chest tube occlusion [13], and perioperative
pericardial flushing by continuously rinsing the peri-
cardial space with irrigation solution [14]. Botulinum
toxin type A (BoNT/A), injected into the atrial or epi-
cardial fat pad, causes temporary neuromodulation
and is associated with fewer occurrences of POAF
[15]. Left atrial appendage closure (LAAC) is a pro-
cedure that does not prevent AF but could reduce
thromboembolic events [16]. Although studies have
shown LAAC may actually increase the risk of POAF
[17, 18], the LAAOS III trial demonstrated it prevented
stroke among patients with AF, both in the presence
and absence of anticoagulation [19].

The aim of this study was to examine the ways pre-
ventive strategies for POAF are implemented in Dutch
cardiothoracic centres and to evaluate their effective-
ness. Usage of predictive risk scores were examined,
e.g. the POAF risk score, which was developed to pre-

dict the probability of POAF [20]. Application of LAAC
was also enquired.

Methods

An online survey was developed for all 15 Dutch
cardiothoracic centres. The questionnaire comprised
27 open-ended and closed questions about preventive
strategies for POAF in patients undergoing on-pump
sternotomy.

We assessed the POAF incidence, anticoagulant
strategy, perceived complications and usage of the
POAF risk score and different tools for POAF prophy-
laxis among centres. These tools included pharma-
ceutical and non-pharmaceutical interventions (pos-
terior left pericardiotomy, perioperative pericardial
flushing and BoNT/A injections). Respondents were
asked about LAAC and electrical cardioversion (ECV)
use and whether they had suggestions for qualitative
improvement.

The surveys were sent via e-mail to the local Car-
diothoracic Surgery Registration Committee members
of all Dutch heart centres. Non-responders were sent
reminders. Data were stored in a password-protected
environment.

Results

Incidence of postoperative atrial fibrillation

Of the 15 Dutch cardiothoracic centres, 14 (93%) re-
sponded to the survey, but not all centres provided an
answer to each question. Completion rates per ques-
tion are outlined in Table S1 in the Electronic Supple-
mentary Material. Thirteen centres reported a POAF
incidence, ranging from 20 to 30% (median 27%). The
reported incidences per centre are presented in Fig. 1.

Preoperative prophylaxis

Nine of the 14 centres (64%) used local protocols for
POAF prophylaxis and treatment, consisting of admin-
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Fig. 1 Reported incidence of postoperative atrial fibrillation
(POAF) after cardiac surgery in 13 Dutch cardiothoracic cen-
tres
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Fig. 2 Reported prescription of preoperative prophylactic
medication for atrial fibrillation in Dutch cardiothoracic centres

istration of prophylactic beta-blockers and an anti-
coagulant regimen once POAF occurred. Two cen-
tres specified the prescribed dose of beta-blockers (i.e.
25mg twice daily or 80mg once daily). One centre
also described perioperative electrolyte regulation in
its protocol. One centre followed European guidelines
instead of a protocol.

Six centres (43%) prescribed pharmaceutical pro-
phylaxis preoperatively. This included non-sotalol
beta-blockers (4/6; 67%), calcium antagonists (1/6;
17%), sotalol (1/6; 17%) and other current medication
(1/6; 17%). Three centres prescribed prophylaxis to all
patients, 2 centres prescribed prophylaxis only to pa-
tients who were already on beta-blockers or calcium
antagonists, and 1 centre prescribed an anti-arrhyth-
mic drug to patients already being treated with the
specific drug. Colchicine was not used at all. The
reported prescription of preoperative medications for
AF prophylaxis in 6 centres is outlined in Fig. 2.

Non-pharmaceutical prevention

Of the respondents, 12 (86%) believed posterior left
pericardiotomy can prevent POAF, but only 1 centre
used this intervention. Two centres (14%) were posi-
tive about this technique. The major reason for non-
use was a lack of positive evidence (11/14; 79%). Sim-
ilarly, most centres (11/14; 79%) believed periopera-
tive pericardial flushing potentially reduces POAF, but
only 1 centre used it in a research setting and none
of them in a clinical context. All 11 centres found the
evidence to be insufficient, and 2 centres (14%) stated
there were no perceived benefits. One centre was pos-
itive about its effectiveness. Eight centres (57%) were
familiar with BoNT/A injections in the atrial fat pad,
but none used it to prevent POAF due to a lack of
scientific evidence.

Left atrial appendage closure

Most centres (10/14; 71%) routinely performed con-
comitant LAAC for patients with pre-existent AF. Of
them, 30% was aware this entailed procedure may in-
crease the risk of POAF. Of the remaining 4 centres not

routinely performing LAAC, 3 were not aware of this
risk and 1 centre was. Indications to perform LAAC
varied. Eight of the 14 centres (57%) expected to al-
ter current indications in response to the LAAOS III
trial results [19]. Two centres (14%) performed LAAC
exclusively in surgical ablation, but one of them sel-
domly performed LAAC for patients with chronic AF,
3 centres reserved LAAC for patients with pre-existent
AF undergoing open-heart surgery, and 1 centre did
not state an indication.

Postoperative prophylaxis and treatment

All 14 centres administered postoperative medication.
Their first line of medication was standard AF pro-
phylaxis, while the second and subsequent lines of
medication were administered in the clinical phase.
The majority (12/14; 86%) prescribed non-sotalol
beta-blockers first, and 8 of them (57%) specified the
use of metoprolol. Only 2 centres (14%) prescribed
sotalol as standard prophylaxis.

Digoxin, amiodarone and calcium antagonists were
only used therapeutically when patients presented
with POAF. All centres had a second line of medica-
tion, which comprised sotalol (43%), digoxin (21%),
amiodarone (14%), non-sotalol beta-blockers (14%)
and calcium antagonists (7%). Eight centres had
a third line of treatment, which mostly consisted of
a calcium antagonist (50%). One centre administered
either amiodarone or digoxin as third-line medica-
tion. Three centres had a fourth line of treatment.
One centre prescribed either amiodarone or sotalol
as its fourth line. Furthermore, 2 centres prescribed
combination therapy of non-sotalol beta-blockers
and digoxin as its third- or fourth-line treatment. The
reported first and subsequent lines of medication for
the prevention and treatment of POAF are outlined in
Fig. 3.

Overall, non-sotalol beta-blockers and sotalol took
up 38 and 24%, respectively, of all medication pre-
scribed postoperatively for POAF. Digoxin, calcium
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Fig. 3 Reported prescription of postoperative medication for
prevention and treatment of postoperative atrial fibrillation in
Dutch cardiothoracic centres. Prophylaxis is first line of med-
ication only
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antagonists and amiodarone comprised 14, 13 and
10% of the prescriptions, respectively.

Anticoagulant usage

All centres prescribed anticoagulants whilst treat-
ing POAF, but the indication differed. Six centres
(43%) based their indication area once POAF oc-
curred on national guidelines, 2 centres (14%) used
the CHA2DS2-VASc score and national guidelines, an-
other 2 centres only used the CHA2DS2-VASc score,
3 centres (21%) followed local protocols, and 1 centre
used both its local protocol and the CHA2DS2-VASc
score.

The question about the annual number of patients
discharged with vitamin K antagonists (VKAs), was an-
swered by 13 centres (93%): 4 (31%) replied this num-
ber was unknown and they could not provide a de-
scription of the trend, 7 (54%) reported an annual in-
cidence of 0–56% (median 21%), and 2 (15%) could
not provide an exact number but either stated a de-
crease in VKA prescriptions or an increase in direct
oral anticoagulant (DOAC) prescriptions. The centre
that did not prescribe VKAs to patients with POAF ad-
ministered DOACs.

With regard to prescription duration, 1 centre was
not aware how long its patients took VKAs. The ma-
jority (12/14; 86%) included the duration of VKA pre-
scription in the referral letter to the Dutch Thrombosis
Service. One centre prescribed anticoagulants indef-
initely. None of the centres arranged a follow-up for
their patients pertaining to VKA usage.

Electrical cardioversion

Only 3 of the 14 centres (21%) did not perform stan-
dard ECV if chemical conversion failed, although
2 of them performed ECV on indication or in hemo-
dynamically impaired patients. Twelve centres an-
swered the question about the annual number of
ECVs: 3 (25%) did not know the exact number and
9 (75%) provided an estimate, which ranged from <10
to 200. Figure 4 shows the reported annual number
of ECVs performed per centre.
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Fig. 4 Reported number of electrical cardioversions per-
formed yearly in Dutch cardiothoracic centres
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Fig. 5 Perceived complications associated with postopera-
tive atrial fibrillation in Dutch cardiothoracic centres

Perceived complications

Thirteen respondents (93%) noticed longer hospital-
isation for patients with POAF. Additionally, 6 cen-
tres (43%) replied these patients generally had other
complications. Anaemia and pleural effusion each
comprised 21% of the perceived complications, pneu-
monia made up 14%, and the incidence of sepsis,
excessive pericardial fluid, hypoxia, overfilling, renal
damage and neurological complications was 7% each.
The perceived complications associated with POAF
are outlined in Fig. 5.

Five respondents (36%) did not notice POAF oc-
curred more often after specific procedures, but
9 (64%) stated they did. Of those that did, 5 cen-
tres reported observing POAF mainly after mitral
or any valvular surgery, 1 centre noticed POAF af-
ter coronary bypass, and the remaining 3 saw POAF
more frequently after complex procedures, longer
perfusion and clamping duration, and impaired left
ventricle function.

Postoperative atrial fibrillation risk score

None of the centres used the POAF risk score [20].
However, when asked about their willingness to im-
plement it, 7 (50%) were positive, 5 (36%) were nega-
tive, and 2 (14%) were indifferent. Reasons for un-
willingness were insubstantial support, no effective
prevention, and no added benefits either due to low
POAF rates at their centre or because the centre ad-
ministered prophylaxis to all patients. Of the 13 cen-
tres that further elaborated on their answer, 12 were
willing to use a similar risk score if proven sufficiently
effective. One centre was indifferent, as it considered
all patients undergoing surgery as high-risk.

Recommendation on improvements

Half of the respondents (7/14) answered the question
on what could be an improvement for Dutch centres
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regarding POAF management. They mainly wanted
better national agreements or a consensus on pre-
ferred treatment for more uniformmanagement. Oth-
ers expressed wanting better designed guidelines for
anticoagulant prescription and increased guidance on
duration, especially after referral to the Thrombosis
Service.

Discussion

In this survey study, the incidence of POAF reported
by Dutch cardiothoracic centres was 20–30%. Despite
the use of different preventive strategies, the reported
incidences were similar. Respondents highlighted the
need for more uniform treatment. The use of non-
pharmaceutical preventive interventions was limited
as respondents were awaiting results of upcoming tri-
als. The majority observed longer in-hospital stay for
patients with POAF and noticed POAF was accom-
panied by other complications, primarily anaemia,
pleural effusion and pneumonia. Furthermore, cen-
tres embraced concomitant LAAC as a relevant stroke
prevention measure in patients with pre-existing AF.
Moreover, the discharge of patients taking VKAs may
need better follow-up to prevent unnecessary prolon-
gation of medication usage. A remarkable aspect of
our study was the varying number of ECVs, suggest-
ing that additional guidelines that stipulate the exact
indications are needed. Considering the lack of evi-
dence on optimal anticoagulant strategies for incident
and transient AF, it is important to acknowledge the
need for further research, which should provide clear
guidance on the optimal use and duration of antico-
agulants in these specific patient populations.

Preoperative prophylaxis was implemented in
6 centres, of which 3 solely prescribed preopera-
tive prophylaxis for patients already on therapy. The
other 3 centres prescribed preoperative prophylaxis
to all patients. All 14 centres administered postopera-
tive prophylaxis. Respondents noticed POAF occurred
more often after valvular surgery. Valvular AF is a com-
mon indication for valve surgery [1]. Although a link
cannot yet be established, POAF following valvular
surgery may be more common, possibly due to pre-
existent advanced atrial cardiomyopathy—and this
requires further study.

Colchicine was not prescribed pre-emptively, which
is remarkable given the potential benefits [9]. How-
ever, there was also mention of gastro-intestinal side
effects [9], and use of this drug will therefore require
fine-tuning of the specific dose needed. Amiodarone
administration was limited among medical centres,
comprising 10% of the postoperative medication pre-
scriptions. Furthermore, amiodarone was only used
for treating purposes and not as a preventive drug.
Notably, amiodarone is only recommended unless
beta-blockers are contra-indicated, according to sev-
eral guidelines [5, 21, 22]. Therefore, beta-blockers
may often not be contra-indicated in the clinical

setting. The 2020 ESC/EACTS Guidelines suggest
combining amiodarone and beta-blockers, as this
has an increased effect on reducing POAF [4]. In
light of the newly found results, amiodarone should
be considered more as a means to prevent POAF.
Amiodarone does carry risks that, again, necessitate
finetuning [7]. A lower cumulative dose (<3000mg)
may still be effective while avoiding adverse effects,
according to the ESC/EACTS Guidelines [4].

Reasons for not using the POAF risk score were lack
of perceived benefits and effective preventive mea-
sures. The latter implies that, even if the risk score is
reliable, there are currently no consistent prevention
methods, which essentially undermines the promi-
nence of predicting POAF.

Study limitations

Several limitations need consideration. Firstly, we
may not have detected all cases of POAF due to, for
example, different durations of telemetry monitoring
per centre or transfer of patients before the occur-
rence of POAF, resulting in underdiagnosis.

Additionally, 1 centre did not answer the question-
naire, and not all centres that responded answered
each question. Continuous reminders aimed to max-
imise response and completion rates could have re-
solved this issue. Moreover, 1 centre may have had
registration bias, given they did not score preoperative
AF until 2019. Respondents were not asked if elec-
trolyte imbalances were routinely regulated; however,
we can assume Dutch centres view this as a routine
intervention that is proven effective [11, 23, 24].

Recommendations

As aforementioned, although POAF is a short-term
incident, it is still clinically relevant due to its associa-
tion with long-term complications [1, 2, 25]. Prophy-
lactic administration of amiodarone and colchicine
is suggested for POAF prevention, as well as the use
of posterior left pericardiotomy. Many other strate-
gies can be assessed, such as active tube clearance,
(bi)atrial pacing, and mapping and ablation of auto-
nomic ganglia [7, 13, 26, 27]. Even though usage of
such methods may be low in Dutch centres, it may
prove valuable to obtain opinions on the matter via
a future questionnaire. Another suggestion could be
a nationwide/multicentre prospective implementa-
tion trial for non-pharmaceutical interventions, as
this will facilitate the use of non-pharmacological
prophylaxis and provide research results and direct
experience with these interventions amongst practi-
tioners.

It is unknown whether it is necessary to com-
pletely eliminate POAF, given its potential role as
an indicator of underlying cardiovascular risks [3],
and it is uncertain whether preventing POAF reduces
the risk of long-term cardiovascular events. Rather
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than solely targeting the elimination of POAF itself,
it may be more clinically relevant to focus on pre-
venting long-term cardiovascular complications in
patients with POAF. This could involve emphasising
preventive measures and management of risk fac-
tors for future cardiovascular events. Furthermore,
patients scheduled for elective cardiac surgery could
be screened using speckle-tracking echocardiography,
a diagnostic tool for disclosing atrial cardiomyopathy.
Patients with this condition are at risk for developing
cardiovascular incidents, which are now paradoxically
associated with POAF [28].

Conclusion

This study demonstrated limited use of preoperative
POAF prophylaxis and non-pharmaceutical measures
in Dutch cardiothoracic centres. POAF was associated
with other complications, mainly pneumonia, pleu-
ral effusion and anaemia, and was perceived to oc-
cur more often after valvular surgery. There was con-
sensus on the need for better national guidelines to
come to a uniform approach to prevent POAF and
the need for regulated management of anticoagulant
use and increased guidance on prescription duration
for patients. Adjustment of current protocols via an
implementation trial was considered necessary to fa-
cilitate—and implement—all aspects needing change
highlighted in this study.

Furthermore, it is essential to highlight the insight
that a proportion of patients scheduled for cardiac
surgery may already have a preclinical state of atrial
cardiomyopathy. Its diagnosis could act as a marker
for adverse outcomes and may be used to enhance
preventive measures and risk management in these
patients.
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