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Abstract

The incidence of atrial fibrillation (AF) during pregnancy increases with maternal age and with the presence of structural heart disorders.
Early diagnosis and prompt therapy can considerably reduce the risk of thromboembolism. The therapeutic approach to AF during
pregnancy is particularly challenging, and the maternal and fetal risks associated with the use of antiarrhythmic and anticoagulant drugs
must be carefully evaluated. Moreover, the currently used thromboembolic risk scores have yet to be validated for the prediction of
stroke during pregnancy. At present, electrical cardioversion is considered to be the safest and most effective strategy in women with
hemodynamic instability. Beta-selective blockers are also recommended as the first choice for rate control. Antiarrhythmic drugs such
as flecainide, propafenone and sotalol should be considered for rhythm control if atrioventricular nodal-blocking drugs fail. AF catheter
ablation is currently not recommended during pregnancy. Overall, the therapeutic strategy for AF in pregnancy must be carefully assessed
and should take into consideration the advantages and drawbacks of each aspect. A multidisciplinary approach with a “Pregnancy-Heart
Team” appears to improve the management and outcome of these patients. However, further studies are needed to identify the most
appropriate therapeutic strategies for AF in pregnancy.
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1. Introduction
Atrial fibrillation (AF) is widely recognized as the

most common sustained tachyarrhythmia in adults [1], af-
fecting approximately 44 million people worldwide. AF is
also one of the most frequently reported cardiac arrhyth-
mias during pregnancy, with an incidence of 27/100,000.
Of note, this incidence has been increasing over the past
decades [2–4].

Physiological changes in hormonal status and hemo-
dynamics occur during pregnancy. These include plasma
volume expansion, an increased heart rate (HR) at rest
and during cardiac output, enhanced atrial stretching, and
a dominance of parasympathetic over sympathetic activity
[5]. These factors can predispose to cardiac arrhythmias
[6] in women with or without structural heart disease [7–
10]. Importantly, the occurrence of AF during pregnancy
is associated with an increased risk of maternal and fetal
complications [11], including heart failure (HF) due to the
hemodynamic imbalance [3,12]. Moreover, a higher risk
of thrombotic complications also arises in pregnancy due to
increased procoagulant factors and reduced anticoagulation
activity, thereby creating a state of hypercoagulability [13–
15]. Hence, the management of AF during pregnancy re-
mains a major challenge and requires accurate workup and
a multidisciplinary approach.

The best therapeutic approach for AF during preg-
nancy remains to be established due to the scarce evidence
and limited data available to date. This review presents a
comprehensive discussion of the management of AF dur-
ing pregnancy.

2. Incidence of AF and Clinical Risk Factors
during Pregnancy

Supraventricular tachycardias (SVT), especially AF
and atrial flutter (AFL), are the most common sustained ar-
rhythmias during pregnancy [2,8,10,16–18]. Certain fac-
tors such as advanced age (>41 years), African-American
ancestry, and a lower socioeconomic status have been as-
sociated with the development of AF in pregnant females
[2,3,19]. The wide range in prevalence of AF among dif-
ferent racial/ethnic groups may reflect a genetic predisposi-
tion [19]. Similar to other arrhythmias, AF is more frequent
in black women than in white women [3]. Age is also a
strong risk factor for AF [20], with the prevalence of AF in-
creasing significantly after 40 years of age [19]. Compared
to women aged <25 years, the odds ratio (OR) for AF in
women aged 30–34, 35–39, and ≥40 years was reported as
4.1, 4.9, and 5.2, respectively [19].

The presence of congenital or acquired cardiovascu-
lar disease (CVD), and of cardiovascular (CV) risk factors
[12,21] has also been reported to increase the risk of AF
[22]. Several studies have examined the relationship be-
tween AF during pregnancy and multiple clinical risk fac-
tors [7,19,21,23,24] (Fig. 1). The Registry of Pregnancy
and Cardiac disease (ROPAC) study identified prior history

of AF, beta-blocker consumption, aortic valve (AV) and mi-
tral valve (MV) disease, and cardiomyopathies as risk fac-
tors for arrhythmic recurrence in pregnancy [16]. However,
the occurrence of AF alone during pregnancy is extremely
rare [7,10,19,25–32].

Only 2 cases of AF were reported among 2552 refer-
rals to hospital for severe maternal CV complications in the
Netherlands between 2004 and 2006 [33]. Analysis of the
Groupe d’Étudeen Médecine Obstétricale du Québec (GÉ-
MOQ) registry of women with a structurally normal heart
[25] revealed 16 cases of AF (94% with paroxysmal AF),
of which 81% showed spontaneous cardioversion usually
within 24 hours. In a study of Kaiser Permanente South-
ern California hospital patients between 2003 and 2013,
157 AF cases were identified among 264,730 pregnancies
(59.3/100,000) [19]. In a systematic review of 7 cohort
studies comprising 301,638 cases, the pooled estimated in-
cidence of AF in pregnancy inwomenwith or without struc-
tural heart disease CVD was 2.2% and 0.3%, respectively
[34]. AF is thus more frequent in women with underlying
cardiac anomalies such as cardiomyopathy or congenital
heart defects (CHDs) [7,10], as also reported in case series
and individual case reports [19,26,35–41]. The incidence
of AF was also shown to correlate with the type and sever-
ity of valvular heart disease (VHD): 29% in isolated mitral
stenosis (MS), 16% in isolated mitral regurgitation (MR),
52% in combined MS and MR, and 1% in aortic valvular
disease [42].

In developing countries, AF is frequently observed
in young females with widespread rheumatic heart disease
[43,44]. Szekely and Snaith [45] found pre-excited AF in
8% of pregnant women with rheumatic heart disease, com-
pared to new onset AF in 2.5% of pregnant women. Khairy
et al. [46] found no AF in a study of 90 pregnancies in 53
women with CHDs. Lee et al. [19] reported 226 cases of
cardiac arrhythmias in 136,422 pregnant women hospital-
ized at a single center. Of these, three patients had episodes
of AF (1% of all admissions, with a prevalence of 2/100,000
pregnancies), and all three patients had structural CHDs. In
a retrospective analysis of 93 patients admitted with cardiac
disease in Durban, South Africa, 9 women (9.7%) had AF,
of which four had metallic valve prosthesis, four had severe
MS, and one had mixed MV disease [47]. Of 1321 consec-
utive pregnant women with CHDs, VHD, coronary artery
disease (CAD) or cardiomyopathy enrolled at 60 hospi-
tals in the multinational Registry of Pregnancy and Cardiac
disease (ROPAC), 17 (1.3%) developed AF during preg-
nancy [16]. Furthermore, women with MV disease showed
a higher incidence (2.5%) than those with other cardiac le-
sions. AF occurred in 10 patients with MV disease (3%),
four of whom had a history of valve surgery.

An incidence of 0.7% has been reported for AF in
pregnant women with CHDs such as ventricular septal de-
fects, atrioventricular septal defects, and Fontan circulation
[16].
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Fig. 1. Clinical risk factors for atrial fibrillation (AF) during pregnancy. AF during pregnancy generally indicates an underlying
congenital or acquired heart disease. Cardiovascular risk factors such as obesity, chronic hypertension and diabetes have been associated
with AF during pregnancy. Moreover, AF is more frequent in older women (>41 years), women of African-American ancestry, and
women with lower socioeconomic status. Drug toxicity, pulmonary embolism, accessory pathways, re-entrant circuits, hyperthyroidism,
and electrolyte imbalance have also been associated with the development of AF during pregnancy.

In the ROPAC study, only one patient with cardiomy-
opathy developed AF in the second trimester [16]. Previ-
ously reported cases of AF in pregnancy occurred in the
third trimester, and especially during labor and delivery.
These were mainly due to drugs such as terbutaline and
nifedipine used for tocolysis, or as a manifestation of peri-
partum cardiomyopathy [20,48].

TheKaiser Permanente study also found the risk of AF
was higher during the third trimester than the first trimester
(OR 3.2; 95% confidence interval [CI]: 1.5–7.7) [19]. In
contrast, recent studies have reported a peak in AF during
the second trimester [16,37]. It is worth noting that the risk
of recurrent AF in patients with previous arrhythmias has
been estimated at 39.2%–52% [34,37]. Hence, a history of
AF before pregnancy is likely to be an independent predic-
tor of AF during pregnancy [2,16].

It has also been established that COVID-19 infection
may predispose to arrhythmias, including AF, especially if
there are coexisting CV risk factors and cardiac disorders
[49–51].

3. Pathophysiological Mechanisms
Several neurohormonal and hemodynamic adapta-

tions occur in the maternal body during pregnancy [52]

(Fig. 2). The major changes are vasodilation of the sys-
temic arterial vasculature, neurohormonal activation, and
increased total blood volume [53]. A stronger sympathetic
response with enhanced sympathetic feedback to physio-
logical stress has been observed during pregnancy, particu-
larly in the third trimester [54,55]. Therefore, the presence
of a higher heart rate in pregnant women may be a predis-
posing factor for AF. Notably, an increased heart rate at rest
is considered to be an arrhythmogenic marker of AF. More-
over, premature atrial and ventricular complexes are more
frequent during pregnancy [55].

A decrease in peripheral vascular resistance occurs
early in pregnancy and reaches the lowest value (about 40%
below baseline) during the fourth and fifth months [56].
Nervous system sympathetic activity and heart rate show a
parallel increase during normal pregnancy [5]. As a conse-
quence, cardiac output increases by up to 50%. Along with
the vascular and neurohormonal adaptations of the mater-
nal body, changes in plasma volume and red cell mass also
occur during gestation. Erythropoiesis and total blood vol-
ume increase, while concomitant plasma volume expansion
causes “relative anemia” due to hemodilution [57].

Physiological changes in the vascular bed, neurohor-
monal balance, and fluid status affect both heart function
and structure [53]. The left ventricular mass and wall thick-
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Fig. 2. Pathophysiology of atrial fibrillation (AF) in pregnancy. Several neurohormonal and hemodynamic changes characterize
pregnancy, including vasodilation, neurohormonal activation, enhanced sympathetic tone, and increased resting heart rate and total blood
volume.

ness temporarily increase compared to pre-pregnancy val-
ues, together with mild four-chamber dilation, as observed
by CV imaging studies in gestating women.

These temporary physiological changes during preg-
nancy may be predisposing factors for maternal cardiac
dysrhythmias. Moreover, the combination of hemody-
namic, hormonal, and autonomic alterations are thought
to be arrhythmogenic determinants of AF in pregnant fe-
males [58,59]. Notably, the intravascular volume expan-
sion during pregnancy causes ventricular end-diastolic and
volume atrial dilation, resulting inmechanical and electrical
effects such as the stretching of atrial muscle cells, short-
ening of the atrial effective refractory period (AERP), and
the slowing of electrical conduction [59–61]. Growth of
adrenergic myocardial receptor density and responsiveness
have been associated with increased levels of plasma estro-
gen and progesterone [59,62]. Additionally, the gradual in-
crease in 7 β-estradiol (E2) concentration during pregnancy
contributes to the rising HR [63–65].

Increased catecholamine plasma levels, enhanced cat-
echolamine sensitivity, and the prevalence of sympathetic
activity have all been postulated as underlying mechanisms
for AF during pregnancy [59]. Relaxin may also have a role
in triggering AF during pregnancy due to its chronotropic
action [66].

4. Outcomes of AF
The incidence and maternal/fetal outcomes of AF in

pregnancy remain unclear. AF is known to be associ-
ated with good pregnancy outcomes in women with nor-

mal hearts [25]. In the Kaiser Permanente study, adverse
maternal cardiac events were rare in AF patients, with just
two women developing HF and nomaternal deaths reported
[19]. In the ROPAC study, women with AF had signifi-
cantly higher maternal mortality than those without (11.8%
vs. 0.9%; p = 0.01) [16]. Adverse fetal events occurred in
35% of patients with paroxysmal AF and in 50% of those
with permanent AF [16]. In a systematic review, the pooled
incidence of pre-eclampsia and congestive HF among preg-
nant women with AF was estimated to be 4.1% and 9.6%,
respectively [34].

It is widely accepted that both AF and pregnancy
can predispose women to thromboembolic complications.
However, despite a majority of patients in the Kaiser Per-
manente study having a CHA2DS2-VASc score of 1.2 ±
0.5, no strokes or systemic embolic events were observed.
Nevertheless, it should be noted that one point in this score
was due to female gender [19]. In the ROPAC study, one
case with AF and MV disease died postpartum due to a pre-
sumed thromboembolic event. No other thromboembolic
complicationswere reported [16]. In a cross-sectional study
that included 81,983,216 pregnancy hospitalizations from
1994–2011 in a U.S. Nationwide Inpatient Sample, AF sub-
stantially increased the stroke risk in cases of pregnancy
hospitalization for hypertensive disorders [67].

5. Effects of AF on Fetal Conditions during
Pregnancy

AF during pregnancy affects not only the maternal
outcome, but also has important consequences for the fetus.
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Fig. 3. Rhythm control and rate strategy for atrial fibrillation (AF) in pregnancy. Rhythm control should be the preferred treatment
strategy during pregnancy. If rate control is chosen, β-blockers should be the first line of therapy, with digoxin, verapamil or diltiazem
as the second choice.

It is well established that AF is associated with higher rates
of maternal mortality (MM) and lower fetal birth weight
[22,68,69].

Depending on the gestational period, the potential ter-
atogenic effect of drugs can negatively influence fetal de-
velopment, organogenesis and growth. Moreover, the fetal
outcome is deemed to be poor if a hemodynamic impair-
ment occurs [22,68,69].

In the ROPAC study [16], AF and AFL were ob-
served in 17 of 1321 (1.3%) pregnant females with struc-
tural CVD, whilst the remaining 1304 patients were in si-
nus rhythm (SR). A higherMMhas been reported in women
with AF/AFL compared to recipients in SR. The mean ges-
tation periodwas shorter in womenwith AF/AFL than those
in SR (37.5 vs. 38.0 weeks, p = 0.25). Delivery by cesarean
section was more frequent in women with AF/AFL than in
those without (47% vs. 41%, p = 0.58). No fetal or neonatal
deaths occurred in AF/AFL patients [16]. Low birth weight
(<2500 g) was significantly more frequent in women with
AF/AFL than in those without (35% vs. 14%; p = 0.02).
Fetal complications included premature birth [16].

Intrauterine growth retardation occurred in 17.6% and
5.6% of patients in the AF/AFL and SR groups, respec-
tively. Premature birth (<37 weeks) occurred more often
in patients with AF/AFL (29% vs.15%; p = 0.16). The
adjusted mean birth weight was significatively lower in
women with AF than those without (3026 g vs.3358 g; p
< 0.001). In a study of 264,730 pregnant women that in-
cluded 157 with AF, the admission rate to the neonatal in-

tensive care unit was higher in patients with AF (17/157,
10.8%) than in those without (13,309/264,573, 5.1%; p =
0.003) [22].

6. Rhythm Control and Electrical
Cardioversion

Irrespective of the coexistence of structural heart dis-
ease, AF in pregnancy may be benign and self-limited, or
it may represent a hemodynamically significant condition.
Some patients with AF spontaneously convert to SR with-
out requiring medical therapy, although pharmacological or
electrical cardioversion (ECV)may be necessary. The com-
bination of rapid ventricular response and loss of effective
atrial contraction, which typically accounts for 15–20% of
left ventricular filling volume, may cause hemodynamic in-
stability. Indeed, a shortened diastolic filling time due to
rapid ventricular response reduces cardiac output. This can
lead to maternal systemic hypoperfusion which adversely
affects fetal circulation. A reduction in blood pressure due
to tachycardia can result in fetal bradycardia andwarrant ur-
gent intervention with ECV, drugs, or emergency cesarean
section. Therefore, prompt detection and early manage-
ment of AF can prevent fetal and maternal complications.
Rhythm control should be the preferred treatment strategy
during pregnancy [4] (Fig. 3). ECV should be performed
promptly in all situations in which reduced uterine blood
flow and/or hemodynamic instability endangers the safety
of the mother or the fetus [2].
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Fig. 4. Proposed strategy for atrial fibrillation (AF)management in pregnancy. Hemodynamic condition is the most important factor
for determining the appropriate management of AF in pregnancy. Electrical cardioversion (ECV) should be performed promptly if there
is hemodynamic instability or if the arrhythmias present a risk to the mother and/or fetus. The ECV option may also be considered for
stable patients. ECV during pregnancy is relatively safe at all stages of pregnancy when using a synchronized external direct current (50–
100 J biphasic shocks for AF, and 25–50 J for atrial flutter), and with monitoring of the fetal heart rate during cardioversion. In stable
patients with structurally normal hearts, a pharmacologic cardioversion attempt can be performed safely using intravenous flecainide
[71]. *Flecainide is relatively contraindicated in women with structural heart disease, and is also contraindicated in case of atrial flutter
due to risk of 1:1 AV conduction. LMWH, low-molecular-weight-heparin; AV, aortic valve.

Randomized controlled studies on the use of antiar-
rhythmic drugs (AADs) during pregnancy are lacking. Ac-
cording to the latest European Society of Cardiology (ESC)
guidelines on AF management, ECV is recommended for
patients who are hemodynamically unstable or have a pre-
existing AF (Class I, Level C) [70] (Fig. 4, Ref. [71]). If
hypertrophic cardiomyopathy (HCM) coexists, the option
of ECV should be considered for persistent AF conversion
(Class II, level A) [70].

ECV is considered relatively safe during all stages of
pregnancy, since only a small amount of current reaches the
uterus [20]. External direct current synchronized ECV us-
ing 50–100 J biphasic shocks for AF and 25–50 J for atrial
flutter is usually successful [59,70,72]. In some case re-
ports, the ECV was repeated more than once in pregnant
women with good results [70,72].

However, due to the lack of clinical studies, ECV
should only be carried out when deemed absolutely nec-
essary [59]. It has been suggested that ECV has low risks
for the induction of uterine contractions [2,7], fetal arrhyth-
mias, and preterm labor [2,73]. Fetal HR should be closely
monitored during ECV so as to rapidly manage any po-
tential adverse effects [59]. Facilities for emergency ce-
sarean section should also be available [74]. Cardioversion
should generally be preceded by anticoagulation, whilst in-

travenous β-blockers are recommended for initial acute rate
control [70,75]. Sedation during ECV can be performed
using propofol, which is chosen due to its rapid onset,
short duration, and safety in pregnancy. Propofol doses
of 2 mg/kg body weight appear to have no negative im-
pact, but high doses can cause fetal respiratory depression
or even asphyxia [76]. AADs should be avoided whenever
possible during pregnancy, as they can cross the placenta
and may adversely affect fetal development and fetal heart
rhythm [77]. However, pharmacologic acute rhythm con-
trol can be attempted in stable patients with structurally nor-
mal hearts [4,70]. In such cases, intravenous flecainide or
ibutilide can be used safely for pharmacological conversion
[70,76,78,79]. For cases with underlying structural heart
disease and recent arrhythmic onset, ECV is considered to
be the safest treatment option [4,70].

Amiodarone can cause many adverse fetal effects in-
cluding hypothyroidism and delayed growth. It is classi-
fied in the class D pregnancy risk category according to the
Food and Drug Administration (FDA) [80–82]. Therefore,
it should only be used for emergency situations in pregnant
women.

Following cardioversion, the use of oral AADs such
as flecainide, propafenone or sotalol should be considered
in order to maintain SR and to prevent AF recurrence in
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the event that atrio-ventricular nodal (AVN) blocking drugs
fail [4,70]. Amiodarone is not recommended for long-term
rhythm control in pregnancy (class III) [70]. Catheter ab-
lation (CA) (radiofrequency or cryoablation) may be con-
sidered for the management of poorly tolerated and drug-
resistant arrhythmias [83]. However, the risk of fetal radi-
ation exposure must be taken into account with CA, espe-
cially during the early stages of pregnancy. Even when the
advantages of CA are expected to outweigh the disadvan-
tages, it is important to minimize fetal radiation exposure
and thus protect organogenesis and neurodevelopment.

Electro-anatomic mapping and intracardiac echocar-
diography can lower the exposure to ionizing radiation.
It is possible to achieve reliable three-dimensional (3D)
geometrical mapping of the left atrium (LA) using non-
fluoroscopic-based electroanatomical systems [84]. Atrial
or atrioventricular re-entrant tachycardia can thus be treated
safely during pregnancy using an electroanatomical map-
ping system, although the data is still limited [85–91]. Con-
versely, CA of AF/AFL during pregnancy is generally not
recommended [4,68,70]. Although CA may be considered
in refractory symptomatic patients, it is advisable to de-
fer the procedure until the post-partum period. However, a
zero-fluoroscopy approach may be considered for resistant
cases [84]. Moreover, arrhythmia ablation may in certain
cases be considered before pregnancy.

7. Rate Control
In view of the limited data available for verapamil and

diltiazem use, ESC guidelines recommend the use of β-
blockers as first-line treatment for acute and/or long-term
rate control during pregnancy [4,92]. β-blockers are also
the first-line medication for hypertension during pregnancy
and are generally considered to be safe [2,4,70,93]. In preg-
nancies that are complicated by hypertension and treated
with propranolol, no apparent congenital anomalies were
observed, but growth retardation was reported [59,77,94].
The use of atenolol in the first trimester has also been as-
sociated with delayed fetal growth [59,77,92,95–97]. β1-
selective beta-blockers (metoprolol, bisoprolol) are the rec-
ommended first choice to prevent β2-mediated peripheral
vasodilation, uterine relaxation, and fetal hypoglycemia
[59,77,92,98]. Digoxin or Ca-channel blockers should be
considered for rate control if the beta-blockers fail [70,92].
Digoxin has not been associated with teratogenic effects
and is also useful as a rate-control agent [70,77]. However,
digoxin crosses the placenta, and fetal death has been re-
ported in extreme cases of maternal digitalis intoxication
[99]. Of note, digoxin blood levels may be unpredictable
during pregnancy due to interference with immunoreactive
serum components and potential drug interactions, so care-
ful monitoring is mandatory [59,77,98]. The use of non-
dihydropyridine calcium-channel blockers is generally con-
sidered for second-line therapy of rate control in AF [70].
The use of diltiazem in pregnancy is not recommended be-

cause animal studies have revealed evidence of teratogenic-
ity [70,100]. Verapamil is considered safer than diltiazem
[101] and with precautions it can be used as a second-line
choice [70,92]. However, intravenous administration of ve-
rapamil may cause maternal hypotension and subsequent
fetal distress, bradycardia, and high-degree AV block. This
formulation should therefore be avoided during the first two
trimesters of pregnancy [59,77,98]. Beta-blockers, class IC
AAD, and sotalol should be used with caution if systemic
ventricular function is impaired [59,77,98]. Table 1 lists
the adverse effects of the AADs that are commonly used
for rhythm and rate control during pregnancy. Finally, CA
(radiofrequency or cryoablation) prior to pregnancy may be
considered in select cases to prevent AF during pregnancy
[2].

8. Anticoagulation
It is well-known that pregnancy represents a pro-

thrombotic condition. This is due to changes in hemosta-
sis that cause physiological hypercoagulability, thus pro-
tecting women from possible hemorrhage during delivery
[14]. A 5-fold increased risk of venous thromboembolism
(VTE) has been reported during pregnancy [102], and the
risk of thrombosis remains high for three months after par-
tum [103].

However, the data so far on the risk of stroke and AF
in pregnant women is quite limited.

Thrombotic and embolic risk stratification in pregnant
women is similar to that of non-pregnant women, since
pregnancy is not included as a risk factor in the commonly
used scores [70]. Moreover, the CHA2DS2-VASC has not
been validated for pregnant women and is thought to un-
derestimate the risk of stroke in pregnant females with AF
[104–106]. Nevertheless, it is currently the only score sys-
tem recommended for pregnant women [4].

According to the latest European Guidelines [4], the
same criteria used to stratify stroke risk in non-pregnant fe-
males should also be applied for pregnant women. Con-
sequently, the onus is on physicians to consider the risk
of thromboembolism in pregnant women with AF and to
choose the most appropriate anticoagulation strategy that
safely balances maternal and fetal risks [107]. When
mitral stenosis is present, a full anticoagulation strategy
is required. Moreover, patients with hypertrophic car-
diomyopathy (HCM) and AF are more likely to develop
thromboembolic events [108]. According to the Amer-
ican College of Cardiology/American Heart Association
(ACC/AHA) guidelines for HCM, it is advisable to anti-
coagulate pregnant females, regardless of their CHA2DS2-
VASc score [109]. However, results on anticoagulation for
AF during pregnancy are still lacking, and have been de-
duced mainly from pregnant patients with mechanical pros-
thetic valves [2].
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Table 1. Antiarrhythmic drugs (AADs): FDA classification and adverse effects in pregnancy.
FDA category Placenta permeability Adverse effects

Amiodarone D Yes Thyroid insufficiency, hyperthyroidism, goiter, bradycardia, growth
retardation, premature birth.

Atenolol D Yes Hypospadias (first trimester); birth defects, low birth weight, bradycardia
and hypoglycaemia in fetus (second and third trimester).

Bisoprolol C Yes Bradycardia and hypoglycaemia in fetus.
Digoxin C Yes Bradycardia and hypoglycaemia in fetus.
Diltiazem C No Possible teratogenic effects.
Flecainide C Yes Unknown
Labetalol C Yes Intrauterine growth retardation (second and third trimester), neonatal

bradycardia and hypotension (used near term).
Propafenone C Yes Unknown
Propranolol C Yes Bradycardia and hypoglycaemia in fetus.
Sotalol B Yes Bradycardia and hypoglycaemia in fetus.
Verapamil oral C Yes Well tolerated
Verapamil IV C Yes Risk of hypotension and subsequent fetal hypoperfusion.
The most frequently reported adverse effects of antiarrhythmic drugs (AADs) used for rhythm and rate control during pregnancy are
shown in Table 1. The risk category for each drug according to the Food and Drug Administration (FDA) classification is also shown.
Category A: No risk has been reported in human studies. The drug appears to be safe for the fetus during the first trimester.
Category B: No risks have been found in experimental studies.
Category C: Risk cannot be excluded. Although no risk for the fetus was found in animal studies, there are insufficient studies in pregnant
women.
Category D: A risk for the fetus has been reported in studies on pregnant women.
Category X: The drug is contraindicated.

Unfractionated heparin (UFH) or low-molecular-
weight-heparin (LMWH) are the preferred anticoagulants
in pregnant women [4] due to their inability to cross the
placenta [110]. However, they have several disadvantages
including the need formultiple injections and frequentmon-
itoring [110,111].

Vitamin K antagonists (VKA) can cross the placenta
[112], leading to a 0.6%–10% incidence of embryopathies
such as limb defects and nasal hypoplasia [113], and a
0.7%–2% incidence of fetopathies such as ocular defects,
central nervous system abnormalities, and intracranial hem-
orrhage [114] during the first and second-third trimesters,
respectively. VKA teratogenicity is dose-dependent, with
an incidence of 0.45%–0.9% for low-dose warfarin [115].
Therefore, if low-dose VKA (warfarin <5 mg/day, phen-
procoumon <3 mg/day, or acenocoumarol <2 mg/day)
[116] is sufficient to achieve the target therapeutic interna-
tional normalised ratio (INR) for AF, treatment may be con-
tinued during the first trimester with a low risk of toxicity
[117,118].

If the target therapeutic INR is not achieved, the VKA
should be interrupted at 6–12 weeks and replaced with UFH
or LMWH [68]. INR should be monitored weekly or every
2 weeks during treatment with VKA. In pregnant women
treated with UFH/LMWH, the anti-Xa level and activated
plasma thromboplastin time (aPTT) should be monitored
weekly and aPTT prolongation of more than twice the con-
trol should be maintained [4]. According to the latest ESC

guidelines, a daily warfarin intake of>5 mg/day is allowed
during the second trimester (class IIa recommendation) [4].
VKAs should be stopped at the 36th week and replaced
with adjusted-dose UFH/LMWH until delivery [68]. ESC
guidelines also recommend replacing LMWH with intra-
venous UFH at least 36 h before planned vaginal delivery
in moderate- and high-risk women (e.g., women with AF
and prosthetic heart valves) in order to maintain aPTT value
more than twice the control [4]. In the absence of bleeding
complications, UFH infusion should be interrupted 4–6 h
before delivery and restarted 4–6 h after delivery [4]. Ther-
apeutic LMWH can be omitted for 24 h prior to delivery
in women at low risk. For women with a planned cesarean
section, LMWH can be interrupted 24 h prior to surgery,
with UFH restarted at 6 h post-delivery for women at high-
risk, and LMWH for women at moderate- or low-risk [4].

There is currently very little data on fetal exposure
to direct-acting oral anticoagulants (DOACs) [119–121].
DOACs have been shown to pass through the placenta, al-
though the risk of fetal bleeding has not yet been determined
[119,122,123]. Because rivaroxaban, dabigatran, apixaban,
and edoxaban have potentially toxic effects during preg-
nancy [124–126], DOACs are not indicated during preg-
nancy [4,51].
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9. Clinical Perspectives and Challenges
Regarding AF during Pregnancy

Prompt recognition of AF during pregnancy is crucial
for reducing mortality and morbidity for both mother and
fetus [68]. However, the management of AF during preg-
nancy is complex.

Firstly, an accurate workout is required to determine
the presence of structural heart disease, pulmonary em-
bolism, pre-excitation syndrome, and alcohol or drug con-
sumption. Circulating electrolyte levels and thyroid func-
tion should also be evaluated [68]. Moreover, the ap-
proach to management changes if there are any underly-
ing disorders due to the different outcomes [68]. If there
is coexisting valvulopathy, the development of AF may in-
crease the risk of acute HF, especially in the first three
months. The risk of hemodynamic impairment must also
be carefully evaluated to avoid adverse consequences for
the mother and fetus. Moreover, anti-arrhythmic and anti-
coagulation therapies should be used cautiously. Follow-
up during pregnancy should be performed by a Pregnancy
Heart Team (PHT), or Cardio-Obstetric Team, composed
of experienced cardiologists, gynecologists, anesthesiolo-
gists, obstetricians and nurses, with at least one visit per
trimester [127–129]. The main aim is to achieve both ma-
ternal and fetal safety. Timely interventions may be nec-
essary to ensure optimal fetal well-being, even in the ab-
sence of underlying heart disease. The approach must be
guided by the gestational age, and the potential teratogenic
effects of medications should be carefully considered. The
aim of the PHT should be to provide women with compre-
hensive counselling, careful planning of the delivery time
and modality, and close postpartum follow-up.

10. Summary
• Atrial fibrillation (AF) during pregnancy has an in-

cidence of 27/100,000
• The AF incidence can be up to 39.2% in the presence

of structural heart disease
• AF is often benign and self-limiting in women with

normal hearts
• Both maternal and fetal risks must be assessed
• Electrical cardioversion (ECV) is recommended in

patients who are hemodynamically unstable
• ECV is recommended in patients with a pre-excited

AF
• ECV may be considered in patients with hyper-

trophic cardiomyopathy
• Antiarrhythmic drugs should be avoided during

pregnancy
• Ablation using a zero-fluoroscopy approach is fea-

sible for the most resistant cases
• β-blockers should be the first-line treatment for rate

control

• Although the CHA2DS2-VASc score has been not
validated in pregnant women, it is the only score that is rec-
ommended and is often very low

• Unfractionated heparin (UFH) or low-molecular-
weight-heparin (LMWH) are the preferred anticoagulants

• OAC is critical, and therefore it is often better to
restore sinus rhythm in order to avoid long-term OAC

11. Conclusions
Awide range in incidence is often reported for AF dur-

ing pregnancy. This can be up to 39% if structural cardiac
disorders are also present [2]. Possible underlying causes
for AF should always be investigated, including thyroid dis-
orders, electrolyte imbalance, pulmonary embolism, alco-
hol abuse, CHDs and cardiomyopathies. The management
of AF in pregnant women can be particularly challenging.
Both maternal and fetal risks must be borne in mind when
choosing the most appropriate therapeutic strategy. Drug
choices should be considered carefully, as well as the per-
formance of ECV. A PHT consisting of several professional
members has been proposed to improve the management
of pregnant women in complex clinical contexts. A multi-
disciplinary team-based approach is likely to be useful for
decision-making in pregnant women with AF. Further stud-
ies in this field should lead to better management of preg-
nant women with AF.
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