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Abstract: Cardioversion (CV) is an essential component of rhythm control strategy in the treatment
of atrial fibrillation (AF). Timing of CV is an important manageable factor in optimizing the safety
and efficacy of CV. Based on observational studies, the success rate of CV seems to be best (≈95%)
at 12–48 h after the onset of arrhythmic symptoms compared with a lower success rate of ≈85% in
later elective CV. Early AF recurrences are also less common after acute CV compared with later
elective CV. CV causes a temporary increase in the risk of thromboembolic complications. Effective
anticoagulation reduces this risk, especially during the first 2 weeks after successful CV. However,
even during therapeutic anticoagulation, each elective CV increases the risk of stroke 4-fold (0.4% vs.
0.1%) during the first month after the procedure, compared with acute (<48 h) CV or avoiding CV.
Spontaneous CVs are common during the early hours of AF. The short wait-and-see approach, up to
24–48 h, is a reasonable option for otherwise healthy but mildly symptomatic patients who are using
therapeutic anticoagulation, since they are most likely to have spontaneous rhythm conversion and
have no need for active CV. The probability of early treatment failure and antiarrhythmic treatment
options should be evaluated before proceeding to CV to avoid the risks of futile CVs.

Keywords: antiarrhythmic drugs; anticoagulation; atrial fibrillation; cardioversion; rhythm control;
stroke; thromboembolic complication

1. Introduction

Cardioversion (CV) is an essential component of the rhythm control strategy for
atrial fibrillation (AF). Traditionally, the procedure has been classified as acute CV when
performed within 48 h from the onset of arrhythmic symptoms and elective CV when
performed later after the initiation of therapeutic anticoagulation. Successful CV delivers
instantaneous relief from arrhythmic symptoms and is often the desired treatment op-
tion from the patient’s perspective. Based on the currently available evidence, the main
motivation for pursuing the rhythm control strategy is to reduce AF related symptoms
and improve quality of life. Antiarrhythmic drugs and catheter ablation are often needed
to maintain sinus rhythm after successful CV [1,2]. A recent study showed that an early
initiation of rhythm control therapies is associated with less frequent cardiovascular com-
plications, but more often causes other adverse events [3]. The main drawback of CV is
the temporary increase in the risk of thromboembolic events after rhythm conversion [4,5].
Thus, the probability of successful rhythm conversion and maintenance of sinus rhythm
should be always weighed against the safety of CV, such as the risks of thromboembolic
and acute arrhythmic complications of CV. This clinical review focuses on electrical CV
and gives a short overview of measures that can optimize the efficacy and safety of CV in
everyday clinical practice.

2. How to Improve the Success of CV

The timing of CV is the most significant predictor of successful rhythm conversion [6].
The success rate of electrical CV performed within 48 h from the onset of arrhythmic
symptoms has ranged from 85% to 97% and during the last decade from 92% to 97% [6–9].
The success of elective CV is lower, varying from 66% to 95% [6,7,10]. In the 2012 Euro
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Heart Survey, the success rate of acute CV was higher when compared to elective CV of
longer arrhythmias (97% vs. 87%, p = 0.003) [7]. Similarly, in the FinCV studies, the success
rate was 94.5% in 7660 CVs performed within 48 h from the symptom onset and 84.8% in
the elective CVs (N = 1998) [8,11]. Prolonged arrhythmia may cause electrical and structural
remodeling and CV failures become more common when the duration of persistent AF is
prolonged [7,10,12]. At the other end of the spectrum, the strong autonomic arousal and
ongoing arrhythmic triggers may compromise the CV’s success during the very early hours
of arrhythmia [8]. Thus, when targeting a high initial CV success rate, the optimal timing
of CV seems to be 12–48 h after the onset of arrhythmic symptoms [11].

In the acute (<48 h) setting, pharmacological CV is a reasonable alternative to elec-
trical CV, since it does not require fasting and anesthesia. Flecainide, propafenone and
vernakalant are the currently used drugs in recent-onset AF. These drugs are safe in patients
without structural heart disease, but the efficacy of pharmacological CV is less satisfactory
than electrical CV [2,9,13]. There is some evidence that the success rate is somewhat higher
(around 70%) among patients with a short (<12 h) AF, but the frequent spontaneous CVs
are probably contributing to the better efficacy of the procedure during the early hours of
AF symptoms [2,14].

Other measures which improve the success rate of electrical CV, especially in per-
sistent AF or in obese patients, include starting directly with high-energy (200 J) shocks
and using handheld paddles or pressure upon adhesive patches together with biphasic
defibrillators capable of delivering shocks up to 360 J [15,16]. Pre-treatment with antiar-
rhythmic drugs—most often amiodarone—is a widespread practice for elective CV and
increases the likelihood of restoring and maintaining sinus rhythm after CV [2]. Recently,
anterior-lateral electrode positioning was also shown to improve the efficacy of elective
electrical CV compared with anterior-posterior positioning, but in the acute setting the
difference in success rate seems insignificant [9,17].

3. Predictors of Early AF Recurrence after CV

In addition to the primary success of CV, evaluating the risk of early recurrence is
important when deciding whether CV is to be carried out or not. The early recurrence
rate after CV is much higher than the rate of primary CV failure, and new AF episodes
emerge in approximately half of the patients within one year despite antiarrhythmic
therapy [2,6]. Most recurrences occur early and several clinical, electrocardiographic and
echocardiographic predictors for early recurrence after CV of acute AF have been identified.
The recently introduced AF-CVS score utilizes five significant clinical risk factors (prior AF
episodes within 30 days, older age, any previous history of AF, heart failure and vascular
disease) and helps to identify patients at high (>40%) risk of unsuccessful CV or early
recurrence, for example, a 66-year old patient with a history of AF and a previous AF
episode within 30 days [18]. The use of this simple score may help the clinician to decide
upon the best treatment strategy for patients at high risk of initial CV failure and early
AF recurrence.

Based on experimental evidence, longer AF episodes may cause AF through electro-
physiological mechanisms [19]. In line with this background, the early clinical recurrence
rate is higher after elective CV than after CV of acute AF. In the FinCV studies, the 30 day
AF recurrence rate after acute CV was 17.3% and 32.4% after elective CV [11]. Numerous
weak and inconsistent clinical predictors for early recurrence after elective CV have been
identified. Echocardiographic and electrocardiographic features reflecting atrial pathology
(e.g., increased left atrial size, low left atrial appendage flow velocity, advanced intera-
trial block) predict AF recurrence, but when the features are not advanced, they are not
strong enough for clinical decision-making [20]. Frequent use of antiarrhythmic drugs
and catheter ablation therapies, uncertain duration of AF, and vague symptoms render
the analysis of risk factors for recurrences after elective CV difficult. There is, however,
growing evidence to support that the longer duration of persistent arrhythmia prior to
elective CV is crucial for later recurrences, for example, the 1 year AF recurrence rate was
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lower in patients with AF duration < 3 weeks compared to those with more prolonged
arrhythmia before CV (41.1% vs. 57.9%, p < 0.01) [21]. Similarly, in the X-VeRT trial, patients
receiving early CV (<6 days after hospitalization) had a 67% higher probability to regain
sinus rhythm at the end of the study than those with delayed CV between 21 and 56 days
after hospitalization [22]. Based on this clinical and experimental evidence, unnecessary
delaying of elective CVs seems unreasonable [6].

4. How to Minimize the Risk of Thromboembolic Complications after CV

The risk of thromboembolic complications after CV is well-established and the mecha-
nisms behind the risk have been comprehensively described in recent reviews [5,13]. Up to
6.4% of all ischemic strokes in patients with paroxysmal/persistent AF were preceded by
CV within 30 days in a recent analysis [23].

The risk of stroke after elective CV has decreased from the early reports of 3.4–7%
to below 1% with the use of vitamin K antagonists [4,5]. Current guidelines recommend
effective anticoagulation for three weeks before a scheduled CV and for at least four
weeks afterwards, and permanently for patients with stroke risk factors [2]. Direct oral
anticoagulants are preferred, since the transient prothrombotic effects during the initi-
ation of vitamin K antagonists together with more labile anticoagulation may increase
the thromboembolic risk. In a meta-analysis combining data from randomized trials, the
incidence of thromboembolic events within 30 days of CV was 0.41% when using direct
oral anticoagulants with no statistically significant difference to vitamin K antagonists
(0.61%) [24]. The risk seems low at first glance, but in the randomized trials (RE-LY, ARIS-
TOTLE, ENGAGE-AF, ROCKET-AF) the rate of ischemic strokes has varied between 0.08%
and 0.12% per month, suggesting that each elective CV—even when performed during
therapeutic anticoagulation—predisposes the patient to a 4-fold increased risk of stroke
during the first month after the procedure (0.4% vs. 0.1%) [5].

The incidence of thromboembolic complications after CV performed for acute (<48 h)
AF without anticoagulation has ranged from 0% to 0.9% (mean = 0.7%) and most of the
strokes occur during the first week after CV [5,13]. The individual stroke risk varies,
however, considerably (up to 9.8%) according to the risk factors and the CHA2DS2VASc–
score, which is used to predict thromboembolic risk in this scenario [25,26]. The CV delay
is of importance even in this early setting; the thromboembolic risk is low (0.3%) when CV
is performed within 12 h from the symptom onset, compared with the 4-fold risk of 1.2%
with a longer delay of 12–48 h [27]. This finding is not unexpected, since prothrombotic
changes develop early, and more comprehensive coagulation abnormalities are observed
already at 12 h after AF onset [5]. In low risk (CHA2DS2VASc < 2) patients without ongoing
anticoagulation, it seems rational to perform CV within 12 h of AF onset to minimize the
risk of thromboembolism. With this strategy, it is possible to avoid the bleeding risk caused
by initiation of short-term anticoagulation [28].

The risk of thromboembolic complications after acute (<48 h) CV is low during oral
anticoagulation; 0.1% in the FinCV Study (2298 CVs) [26]. Thus, it seems reasonable to
aim at early (within 48 h of AF onset) CV also in patients on long-term oral anticoag-
ulation, since the overall risk of post-CV thromboembolic complications is numerically
lower (0.1% vs. 0.41–0.61%) than in later elective CV performed during therapeutic oral
anticoagulation [29,31].

Effective anticoagulation is of utmost importance at the time of CV, and especially
during the first days after CV, since the risk of stroke is highest during this vulnerable
period of atrial stunning and >80% of strokes occur within the first week after the proce-
dure [13]. Successful rhythm conversion may create a false impression of safety for the
patient and lead to harmful interruptions in anticoagulation. Hellman et al. observed
subtherapeutic (<2) INR values in nearly a quarter of patients within 3 weeks after CV and
this drop was related to a higher (1.7% vs. 0.3%, p = 0.03) risk of thromboembolic events
compared with the patients having stable therapeutic anticoagulation [32]. Knowing the
compliance problems with direct oral anticoagulants, patients’ adherence to the prescribed
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anticoagulants is particularly important during this vulnerable period, as there is a strong
correlation between the increased risk of stroke and the reduction of anticoagulant use. It is
tempting to speculate—but almost impossible to show—that intensified anticoagulation
during the first high-risk days after CV might help to reduce stroke risk in patients with
high CHA2DS2VASc score. In EMANATE study, no thromboembolic events were seen in
331 patients receiving a 10 mg loading dose of apixaban [30]. Similarly, in two studies on
elective CV, the risk of stroke was low (0.0–0.1%) in 1674 patients with INR ≥ 2.5 during
CV [32,33].

Uncertain AF duration combined with inadequate anticoagulation is an important
indication to postpone CV, and to instead institute effective anticoagulation for three weeks
before a later elective CV. If early CV is desirable, current guidelines recommend trans-
esophageal echocardiography to exclude intracardiac thrombi [2]. In a recent meta-analysis,
the pooled prevalence of left atrial thrombus in patients who were not on oral anticoag-
ulation but were undergoing CV or catheter ablation was 1.8%; and the prevalence was
significantly higher among patients with non-paroxysmal AF [34]. The main shortcoming
of transesophageal echocardiography is that it only detects the pre-existing thrombi in
the left atrium or left atrial appendage, and it cannot protect from thromboembolic com-
plications caused by thrombi that are formed later, during the stunning phase after CV.
Importantly, the absence of intracardiac thrombus in transesophageal echocardiography
does not decrease the need for effective anticoagulation after CV [13]. On the other hand, if
a thrombus is detected, CV should be postponed and therapeutic anticoagulation started.

5. Incidence of Arrhythmic Complications after CV

Immediate arrhythmic complications after electrical CV of AF are quite rare. In the
2012 Euro Heart Survey of 712 electrical CVs, the rate of ventricular fibrillation, ven-
tricular tachycardia and Torsades des Pointes was 0.4%, 0.8% and 0.1%, respectively [7].
On the other hand, no such ventricular arrhythmias were found in the FinCV studies
including 10,852 electrical CVs, or in 543 elective CVs reported by Morani et al. [11,35,36].
Randomized trials assessing direct oral anticoagulants during CV have not reported on
ventricular arrhythmias.

The incidence of bradycardic complications has varied from 0% to 0.9% of the electrical
CVs performed for acute AF [6]. Most of these bradyarrhythmias have been transient with
no need for specific treatment. The rate of bradyarrhythmic complications after elective
CV of persistent AF has ranged from 0.8% to 1.5% suggesting that the longer duration
of AF may lead to a minor increase in the risk of bradycardic episodes after CV [11,33].
It seems that most bradycardic complications reflect underlying sinus node dysfunction
and become more common with advanced age, at least in acute AF. Female gender may
also predispose to bradycardic events. The incidence of bradyarrhythmias was markedly
increased (~3%) among female patients > 75 years of age in the FinCV study, but contrary
to common beliefs, slow ventricular rate of AF and the use of beta blockers or digoxin was
not associated with a higher risk for asystole or bradycardia [35].

6. How to Avoid Futile CVs

Rational patient selection and timing of CV are the key elements for the optimal
use of CV in the rhythm control strategy. The decision to proceed with CV depends on
hemodynamic status and severity of arrhythmic symptoms together with the risks of
rhythm control strategy. Early AF recurrences are common, and antiarrhythmic treatment
options should be evaluated in patients with mild arrhythmic symptoms who are at a high
risk of early recurrences (high AF-CVS score) before proceeding with CV to avoid the risks
of repeated futile CVs.

Spontaneous rhythm conversion is common during the early hours of acute AF oc-
curring in 32–73% of patients within 24 h and in 52–77% during an observation period
of up to 48 h [37]. Absence of any underlying heart disease or left atrial enlargement,
age < 60 years, AF duration < 24 h, and the patient having no history of persistent AF are
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the most consistent predictors of spontaneous CV [37]. The RACE 7 ACWAS trial showed
that a wait-and-see approach (<48 h) CV was non-inferior to early CV in providing sinus
rhythm at 4 weeks, and almost 70% of patients with recent-onset AF regained sinus rhythm
spontaneously while waiting [38]. In view of the above findings, the wait-and-see approach
(24–48 h) is a reasonable option for otherwise healthy patients using oral anticoagulation
when their arrhythmic symptoms are mild. It is important to shorten the emergency de-
partment visit and it is reasonable to advise patients with recurrent AF episodes to wait
the early hours of arrhythmia at home if their symptoms are well-tolerated and if they are
using effective oral anticoagulation. If needed, patients can be taught to use rate control
medications (beta blockers or verapamil) to alleviate palpitations. Some of these patients
may already have experienced previous self-termination of arrhythmia, thus reassuring
the relevance of this approach. Pill-in-the-pocket approach is also an option for selected
patients to reduce emergency department visits. Treatment failures and adverse events
limit the wider use of this strategy.

7. Conclusions

Hemodynamic compromise or incapacitating symptoms indicate the need for urgent
CV. The risk of stroke is the main concern when undertaking this procedure, and the
magnitude of this risk increases by delaying it. Effective anticoagulation (preferably using
direct oral anticoagulants), especially during the early days after CV, prevents most of
the thromboembolic complications. Acute CV can be performed without anticoagulation
only in low-risk patients and preferably within 12 hours of AF onset. Short waiting for
spontaneous CVs, which are common during the early hours of arrhythmia, helps to reduce
the need of active CVs in selected patients with milder arrhythmic symptoms. Compared
with later elective CV, early (<48 h) CV more often restores sinus rhythm and may also
reduce the risk of thromboembolism during ongoing anticoagulation therapy. The optimal
timing of CV seems to be 12–48 h after the onset of arrhythmic symptoms in the majority of
patients. Patients at high risk of early recurrences after successful CV should be identified
and their antiarrhythmic treatment options should be evaluated before proceeding with
CV to avoid the risks of futile CVs.

Funding: This research received no external funding.

Acknowledgments: Research grants from the Finnish Foundation for Cardiovascular Research,
Lecture fees from Bayer, Pfizer and Boehringer Ingelheim. Member in the advisory boards for Bayer,
Boehringer Ingelheim, Pfizer and Astra Zeneca.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Roy, D.; Talajic, M.; Nattel, S.; Wyse, D.G.; Dorian, P.; Lee, K.L.; Bourassa, M.G.; Arnold, J.M.O.; Buxton, A.E.; Camm, A.J.; et al.

Rhythm Control versus Rate Control for Atrial Fibrillation and Heart Failure. N. Engl. J. Med. 2008, 358, 2667–2677. [CrossRef]
[PubMed]

2. Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomström-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.-A.;
Dilaveris, P.E.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with
the European Association for Cardio-Thoracic Surgery (EACTS). Eur. Heart J. 2020, 42, 373–498. [CrossRef]

3. Kirchhof, P.; Camm, A.J.; Goette, A.; Brandes, A.; Eckardt, L.; Elvan, A.; Fetsch, T.; Van Gelder, I.C.; Haase, D.; Haegeli, L.M.; et al.
Early Rhythm-Control Therapy in Patients with Atrial Fibrillation. N. Engl. J. Med. 2020, 383, 1305–1316. [CrossRef] [PubMed]

4. Bjerkelund, C.J.; Orning, O.M. The efficacy of anticoagulant therapy in preventing embolism related to D.C. electrical conversion
of atrial fibrillation. Am. J. Cardiol. 1969, 23, 208–216. [CrossRef]

5. Jaakkola, S.; Kiviniemi, T.O.; Airaksinen, K.E.J. Cardioversion for atrial fibrillation–how to prevent thromboembolic complications?
Ann. Med. 2018, 50, 549–555. [CrossRef]

6. Airaksinen, K.E.J. Early versus delayed cardioversion: Why should we wait? Expert Rev. Cardiovasc. Ther. 2020, 18, 149–154.
[CrossRef] [PubMed]

7. Pisters, R.; Nieuwlaat, R.; Prins, M.H.; Le Heuzey, J.-Y.; Maggioni, A.P.; Camm, A.J.; Crijns, H.J.G.M.; for the Euro Heart Survey
Investigators. Clinical correlates of immediate success and outcome at 1-year follow-up of real-world cardioversion of atrial
fibrillation: The Euro Heart Survey. EP Eur. 2012, 14, 666–674. [CrossRef]

http://doi.org/10.1056/NEJMoa0708789
http://www.ncbi.nlm.nih.gov/pubmed/18565859
http://doi.org/10.1093/eurheartj/ehaa612
http://doi.org/10.1056/NEJMoa2019422
http://www.ncbi.nlm.nih.gov/pubmed/32865375
http://doi.org/10.1016/0002-9149(69)90068-X
http://doi.org/10.1080/07853890.2018.1523552
http://doi.org/10.1080/14779072.2020.1736563
http://www.ncbi.nlm.nih.gov/pubmed/32164464
http://doi.org/10.1093/europace/eur406


J. Clin. Med. 2022, 11, 3372 6 of 7

8. Grönberg, T.; Hartikainen, J.E.K.; Nuotio, I.; Biancari, F.; Vasankari, T.; Nikkinen, M.; Ylitalo, A.; Airaksinen, J. Can We Predict the
Failure of Electrical Cardioversion of Acute Atrial Fibrillation? The FinCV Study. Pacing Clin. Electrophysiol. 2014, 38, 368–375.
[CrossRef]

9. Stiell, I.G.; Sivilotti, M.L.A.; Taljaard, M.; Birnie, D.; Vadeboncoeur, A.; Hohl, C.M.; McRae, A.D.; Rowe, B.H.; Brison, R.J.;
Thiruganasambandamoorthy, V.; et al. Electrical versus pharmacological cardioversion for emergency department patients with
acute atrial fibrillation (RAFF2): A partial factorial randomised trial. Lancet 2020, 395, 339–349. [CrossRef]

10. Hellman, T.; Kiviniemi, T.; Vasankari, T.; Nuotio, I.; Biancari, F.; Bah, A.; Hartikainen, J.; Mäkäräinen, M.; Airaksinen, K.E.J.
Prediction of ineffective elective cardioversion of atrial fibrillation: A retrospective multi-center patient cohort study. BMC
Cardiovasc. Disord. 2017, 17, 33. [CrossRef]

11. Hellman, T.; Kiviniemi, T.; Nuotio, I.; Biancari, F.; Vasankari, T.; Hartikainen, J.; Lehto, M.; Airaksinen, K.E.J.; for the FinCV
Investigators. Optimal timing for cardioversion in patients with atrial fibrillation. Clin. Cardiol. 2018, 41, 966–971. [CrossRef]
[PubMed]

12. Elhendy, A.; Gentile, F.; Khandheria, B.K.; Hammill, S.C.; Gersh, B.J.; Bailey, K.R.; Montgomery, S.; Burger, K.; Seward, J.B.
Predictors of unsuccessful electrical cardioversion in atrial fibrillation. Am. J. Cardiol. 2002, 89, 83–86. [CrossRef]

13. Brandes, A.; Crijns, H.J.G.M.; Rienstra, M.; Kirchhof, P.; Grove, E.L.; Pedersen, K.B.; Van Gelder, I.C. Cardioversion of atrial
fibrillation and atrial flutter revisited: Current evidence and practical guidance for a common procedure. EP Eur. 2020, 22,
1149–1161. [CrossRef] [PubMed]

14. DeSouza, I.S.; Tadrous, M.; Sexton, T.; Benabbas, R.; Carmelli, G.; Sinert, R. Pharmacologic cardioversion of recent-onset atrial
fibrillation: A systematic review and network meta-analysis. EP Eur. 2020, 22, 854–869. [CrossRef]

15. Squara, F.; Elbaum, C.; Garret, G.; Liprandi, L.; Scarlatti, D.; Bun, S.-S.; Mossaz, B.; Rocher, M.; Bateau, J.; Moceri, P.; et al.
Active compression versus standard anterior-posterior defibrillation for external cardioversion of atrial fibrillation: A prospective
randomized study. Heart Rhythm 2020, 18, 360–365. [CrossRef]

16. Schmidt, A.S.; Lauridsen, K.G.; Torp, P.; Bach, L.F.; Rickers, H.; Løfgren, B. Maximum-fixed energy shocks for cardioverting atrial
fibrillation. Eur. Heart J. 2020, 41, 626–631. [CrossRef]

17. Schmidt, A.S.; Lauridsen, K.G.; Møller, D.S.; Christensen, P.D.; Dodt, K.K.; Rickers, H.; Løfgren, B.; Albertsen, A.E. Anterior–
Lateral Versus Anterior–Posterior Electrode Position for Cardioverting Atrial Fibrillation. Circulation 2021, 144, 1995–2003.
[CrossRef]

18. Jaakkola, S.; Lip, G.Y.; Biancari, F.; Nuotio, I.; Hartikainen, J.E.; Ylitalo, A.; Airaksinen, K.E.J. Predicting Unsuccessful Electrical
Cardioversion for Acute Atrial Fibrillation (from the AF-CVS Score). Am. J. Cardiol. 2016, 119, 749–752. [CrossRef]

19. Wijffels, M.C.E.F.; Kirchhof, C.J.H.J.; Dorland, R.; Power, J.; Allessie, M.A. Electrical Remodeling due to Atrial Fibrillation in
Chronically Instrumented Conscious Goats: Roles of neurohumoral changes, ischemia, atrial stretch, and high rate of electrical
activation. Circulation 1997, 96, 3710–3720. [CrossRef]

20. Relander, A.; Hellman, T.; Vasankari, T.; Nuotio, I.; Airaksinen, J.K.E.; Kiviniemi, T. Advanced interatrial block predicts ineffective
cardioversion of atrial fibrillation: A FinCV2 cohort study. Ann. Med. 2021, 53, 722–729. [CrossRef]

21. Weigner, M.J.; Thomas, L.R.; Patel, U.; Schwartz, J.G.; Burger, A.J.; Douglas, P.S.; Manning, W.J. Early cardioversion of atrial
fibrillation facilitated by transesophageal echocardiography: Short-term safety and impact on maintenance of sinus rhythm at 1
year. Am. J. Med. 2001, 110, 694–702. [CrossRef]

22. Cappato, R.; Ezekowitz, M.D.; Hohnloser, S.H.; Meng, I.L.; Wosnitza, M.; the X-VeRT Steering Committee and Investigators.
Predictors of sinus rhythm 6 weeks after cardioversion of atrial fibrillation: A pre-planned post hoc analysis of the X-VeRT trial.
EP Eur. 2021, 23, 1539–1547. [CrossRef] [PubMed]

23. Palomäki, A.; Mustonen, P.; Hartikainen, J.E.; Nuotio, I.; Kiviniemi, T.; Ylitalo, A.; Hartikainen, P.; Lehtola, H.; Luite, R.;
Airaksinen, K.E.J. Strokes after cardioversion of atrial fibrillation—The FibStroke study. Int. J. Cardiol. 2016, 203, 269–273.
[CrossRef]

24. Andò, G.; Trio, O. New oral anticoagulants versus Warfarin in patients undergoing cardioversion of atrial fibrillation. Int. J.
Cardiol. 2016, 225, 244–246. [CrossRef] [PubMed]

25. Airaksinen, K.E.J.; Grönberg, T.; Nuotio, I.; Nikkinen, M.; Ylitalo, A.; Biancari, F.; Hartikainen, J.E. Thromboembolic Complications
After Cardioversion of Acute Atrial Fibrillation: The FinCV (Finnish CardioVersion) study. J. Am. Coll. Cardiol. 2013, 62, 1187–1192.
[CrossRef] [PubMed]

26. Grönberg, T.; Hartikainen, J.E.; Nuotio, I.; Biancari, F.; Ylitalo, A.; Airaksinen, K.E.J. Anticoagulation, CHA2DS2VASc Score, and
Thromboembolic Risk of Cardioversion of Acute Atrial Fibrillation (from the FinCV Study). Am. J. Cardiol. 2016, 117, 1294–1298.
[CrossRef]

27. Nuotio, I.; Hartikainen, J.E.K.; Grönberg, T.; Biancari, F.; Airaksinen, K.E.J. Time to Cardioversion for Acute Atrial Fibrillation and
Thromboembolic Complications. JAMA J. Am. Med. Assoc. 2014, 312, 647–649. [CrossRef]

28. Jaakkola, S.; Nuotio, I.; Hartikainen, J.E.; Airaksinen, K.E.J. Early Cardioversion for Acute Atrial Fibrillation in Low Stroke Risk
Patients Is Safe Without Anticoagulation. J. Am. Coll. Cardiol. 2020, 76, 226–227. [CrossRef]

29. Cappato, R.; Ezekowitz, M.D.; Klein, A.L.; Camm, A.J.; Ma, C.-S.; Le Heuzey, J.-Y.; Talajic, M.; Scanavacca, M.; Vardas, P.E.;
Kirchhof, P.; et al. Rivaroxaban vs. vitamin K antagonists for cardioversion in atrial fibrillation. Eur. Heart J. 2014, 35, 3346–3355.
[CrossRef]

http://doi.org/10.1111/pace.12561
http://doi.org/10.1016/S0140-6736(19)32994-0
http://doi.org/10.1186/s12872-017-0470-0
http://doi.org/10.1002/clc.22986
http://www.ncbi.nlm.nih.gov/pubmed/29802625
http://doi.org/10.1016/S0002-9149(01)02172-5
http://doi.org/10.1093/europace/euaa057
http://www.ncbi.nlm.nih.gov/pubmed/32337542
http://doi.org/10.1093/europace/euaa024
http://doi.org/10.1016/j.hrthm.2020.11.005
http://doi.org/10.1093/eurheartj/ehz797
http://doi.org/10.1161/CIRCULATIONAHA.121.056301
http://doi.org/10.1016/j.amjcard.2016.11.026
http://doi.org/10.1161/01.CIR.96.10.3710
http://doi.org/10.1080/07853890.2021.1930139
http://doi.org/10.1016/S0002-9343(01)00716-1
http://doi.org/10.1093/europace/euab084
http://www.ncbi.nlm.nih.gov/pubmed/34128075
http://doi.org/10.1016/j.ijcard.2015.10.168
http://doi.org/10.1016/j.ijcard.2016.09.126
http://www.ncbi.nlm.nih.gov/pubmed/27736714
http://doi.org/10.1016/j.jacc.2013.04.089
http://www.ncbi.nlm.nih.gov/pubmed/23850908
http://doi.org/10.1016/j.amjcard.2016.01.024
http://doi.org/10.1001/jama.2014.3824
http://doi.org/10.1016/j.jacc.2020.04.076
http://doi.org/10.1093/eurheartj/ehu367


J. Clin. Med. 2022, 11, 3372 7 of 7

30. Ezekowitz, M.D.; Pollack, C.V.; Halperin, J.L.; England, R.D.; Nguyen, S.V.; Spahr, J.; Sudworth, M.; Cater, N.B.; Breazna,
A.; Oldgren, J.; et al. Apixaban compared to heparin/vitamin K antagonist in patients with atrial fibrillation scheduled for
cardioversion: The EMANATE trial. Eur. Heart J. 2018, 39, 2959–2971. [CrossRef]

31. Goette, A.; Merino, J.L.; Ezekowitz, M.D.; Zamoryakhin, D.; Melino, M.; Jin, J.; Lip, G.Y. Edoxaban versus enoxaparin–warfarin in
patients undergoing cardioversion of atrial fibrillation (ENSURE-AF): A randomised, open-label, phase 3b trial. Lancet 2016, 388,
1995–2003. [CrossRef]

32. Hellman, T.; Kiviniemi, T.; Nuotio, I.; Vasankari, T.; Hartikainen, J.; Lip, G.Y.; Airaksinen, K.E.J. Intensity of anticoagulation and
risk of thromboembolism after elective cardioversion of atrial fibrillation. Thromb. Res. 2017, 156, 163–167. [CrossRef] [PubMed]

33. Gallagher, M.M.; Hennessy, B.J.; Edvardsson, N.; Hart, C.M.; Shannon, M.S.; Obel, O.A.; Al-Saady, N.M.; Camm, A. Embolic
complications of direct current cardioversion of atrial arrhythmias: Association with low intensity of anticoagulation at the time
of cardioversion. J. Am. Coll. Cardiol. 2002, 40, 926–933. [CrossRef]

34. Noubiap, J.J.; Agbaedeng, T.A.; Ndoadoumgue, A.L.; Nyaga, U.F.; Kengne, A.P.; Noubiap, M.J.J.; Ndoadoumgue, M.A.L. Atrial
thrombus detection on transoesophageal echocardiography in patients with atrial fibrillation undergoing cardioversion or
catheter ablation: A pooled analysis of rates and predictors. J. Cardiovasc. Electrophysiol. 2021, 32, 2179–2188. [CrossRef]

35. Grönberg, T.; Nuotio, I.; Nikkinen, M.; Ylitalo, A.; Vasankari, T.; Hartikainen, J.E.; Airaksinen, K.E.J. Arrhythmic complications
after electrical cardioversion of acute atrial fibrillation: The FinCV study. EP Eur. 2013, 15, 1432–1435. [CrossRef]

36. Morani, G.; Cicoira, M.; Pozzani, L.; Angheben, C.; Zanotto, G.; Vassanelli, C. Outpatient Electrical Cardioversion of Atrial
Fibrillation: 8 Years’ Experience. Analysis of Shock-Related Arrhythmias. Pacing Clin. Electrophysiol. 2009, 32, 1152–1158.
[CrossRef]

37. Pluymaekers, N.A.; Hermans, A.N.; Linz, D.K.; Dudink, E.A.; Luermans, J.G.; Weijs, B.; Vernooy, K.; Crijns, H.J. Frequency
and Determinants of Spontaneous Conversion to Sinus Rhythm in Patients Presenting to the Emergency Department with
Recent-onset Atrial Fibrillation: A Systematic Review. Arrhythmia Electrophysiol. Rev. 2020, 9, 195–201. [CrossRef]

38. Pluymaekers, N.A.; Dudink, E.A.; Luermans, J.G.; Meeder, J.G.; Lenderink, T.; Widdershoven, J.; Bucx, J.J.; Rienstra, M.; Kamp, O.;
Van Opstal, J.M.; et al. Early or Delayed Cardioversion in Recent-Onset Atrial Fibrillation. N. Engl. J. Med. 2019, 380, 1499–1508.
[CrossRef]

http://doi.org/10.1093/eurheartj/ehy148
http://doi.org/10.1016/S0140-6736(16)31474-X
http://doi.org/10.1016/j.thromres.2017.06.026
http://www.ncbi.nlm.nih.gov/pubmed/28662483
http://doi.org/10.1016/S0735-1097(02)02052-1
http://doi.org/10.1111/jce.15082
http://doi.org/10.1093/europace/eut106
http://doi.org/10.1111/j.1540-8159.2009.02457.x
http://doi.org/10.15420/aer.2020.34
http://doi.org/10.1056/NEJMoa1900353

	Introduction 
	How to Improve the Success of CV 
	Predictors of Early AF Recurrence after CV 
	How to Minimize the Risk of Thromboembolic Complications after CV 
	Incidence of Arrhythmic Complications after CV 
	How to Avoid Futile CVs 
	Conclusions 
	References

