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Abstract

Advances in human reproductive science are allowing women to get pregnant even at advanced ages. Thus, the incidence of

arrhythmic events in pregnancy is rising and represents a significant cause of hospitalization and morbidity for mother and fetus.

The most common arrhythmias in this context are atrial fibrillation and supraventricular tachycardia, which acutely can be

managed, as usual, with adenosine or cardioversion, and beta blockers in the long-term. For recurrent cases, sodium blockers,

such as propafenone, or even fluoroless cardiac ablation can be used. In the context of maternal congenital heart disease,

ventricular tachycardia can occur, demanding a specific approach including cardiac defibrillator implant. Unfortunately, the

medical evidence in this context is scarce, and most available reviews don’t have the objectivity needed to guide daily’s practice.

This review aims to be a straightforward guide to the approach to tachyarrhythmias in pregnancy.

Introduction

Due to advanced maternal age, cardiovascular risk factors, and the successful management of congenital
heart diseases, the prevalence of cardiovascular conditions complicating pregnancy is rising. Arrhythmias
in pregnancy are rare but, when present, they increase mother and fetus morbidity and mortality by 1.5-3
times.

The most frequent arrhythmias, apart from premature beats, are atrial fibrillation (AF) and paroxysmal
supraventricular tachycardia (PSVT). While the first is observed in 27 cases every 100.000 pregnant women,
the second is observed in 22-24/100.000. Pregnancy can be either the trigger for a first episode or a catalyzer
for recurrences, especially in older women and in those with congenital heart disease. However, symptomatic
exacerbations of PSVT are usually benign, and in most of the times, they can be controlled with medication.
Fortunately, life-threatening ventricular tachycardia (VT) and ventricular fibrillation are even rarer during
pregnancy, also occurring especially in patients with congenital heart disease.

The purpose of this review is to facilitate the approach to tachycardias in pregnant women and to present a
new algorithm considering the efficacy and drug safety based on the current evidence.

Particularities of arrhythmias in pregnancy

During pregnancy, there is a wide array of anatomical, hormonal and hemodynamic adaptive changes to
optimize fetal growth and development. While healthy women can adapt without significant consequences,
in those with underlying cardiac conditions, these changes may unmask a previously unknown condition or
exacerbate pre-existing illnesses.

The physiological changes include increased plasma volume and fat accumulation, decreased plasma binding
proteins, and increased hepatic and renal clearance. One of the consequences is pharmacokinetics modi-
fication, altering drug effects in both mother and fetus. Thus, the use of medications during pregnancy
requires a careful evaluation, balancing fetal and maternal risk-benefit. Available data regarding drugs’
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teratogenicity are limited and primarily based on animal models, retrospective analyses, advisory boards, or
case reports. Only a few drugs have documented side effects leading to human fetal malformation or death,
yet the medicolegal implications are so severe that drug manufacturers hardly commit to declaring the safety
of a given drug safety during pregnancy.

Management of tachyarrhythmias in pregnancy

Management of tachyarrhythmias in pregnancy is quite similar to non-pregnant patients, however, the thresh-
old to initiate medications is generally higher. The therapeutic decisions have to take into account the
necessity, urgency, timing during gestation, and fetal adverse effects. The first trimester of pregnancy is the
most sensitive period for adverse drug effects in fetal development, when a given drug is strictly necessary
it should be used at the lowest possible dose. The mother should be counseled on risks and benefits based
on current data, acknowledging limitations.

Acute management of supraventricular tachycardia and atrial fibrillation

For acute conversion of PSVT, vagal maneuvers are recommended and, if they fail, adenosine is the first drug
of choice. Immediate electrical cardioversion is recommended only for those tachycardias with hemodynamic
instability or for pre-excited AF. This procedure seems to be safe in all phases of pregnancy, there’s no
evidence of fetal blood flow compromise, and the risk of inducing fetal arrhythmias or initiating preterm
labor seems to be very small. After cardioversion, fetal heart rate control is advised. Another option in the
acute phase is the use of intravenous (IV) beta-1-selective blockers such as metoprolol which can not only
interrupt a PSVT but also control heart rate in an AF context. IV ibutilide or flecainide may be considered
for atrial flutter and AF termination in stable patients with structurally normal hearts. Cardioversion
obviously demands sedation and should be preceded by anticoagulation when appropriate (see below). A
suggested workflow is available in figure 1.

It is important to avoid the use of amiodarone due to its consequences, such as disorders in thyroid function
(thyroid insufficiency, hyperthyroidism, and goiter), bradycardia, impairment in fetal neurological develop-
ment, and premature birth.

Acute management of ventricular tachyarrhythmias

Immediate electrical cardioversion should be performed in the context of unstable VT. On the other hand,
for acute conversion of sustained, hemodynamically stable, monomorphic VT (e.g. idiopathic VT), IV beta
blocker, sotalol, flecainide, procainamide, or overdrive ventricular pacing should be considered.

In the event of a cardiopulmonary arrest, standard ACLS (Advanced Cardiovascular Life Support) protocols
should be followed including the use of medications and defibrillation.

Long-term management of SVT and AF

Drug therapy to prevent recurrence can be used based on the severity of symptoms and hemodynamic
compromise during the index event. For the prevention of PSVT, beta-blockers (except atenolol), especially
metoprolol, or verapamil are first-line agents in patients without pre-excitation on resting ECG. For the
prevention of PSVT in patients with Wolff-Parkinson-White (WPW) syndrome, flecainide or propafenone
are recommended instead.

In patients with AF, rhythm control should be considered the preferred treatment strategy during pregnancy.
For either rhythm or rate control strategy, the use of oral beta-blockers is recommended. Digoxin and
verapamil should be considered for rate control of atrial tachycardia (AT) or AF only if beta-blockers fail.
Flecainide, propafenone, or sotalol, in those without structural heart disease, should be considered to prevent
PSVT, AT, and AF if AV nodal blocking agents fail.

Episodes of atrial flutter are usually not well tolerated in patients with congenital heart disease, and, in
these cases, electrical cardioversion should, therefore, be performed to restore sinus rhythm.
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In cases of drug-refractory and poorly tolerated PSVT, catheter ablation with nonfluoroscopic electroanatom-
ical mapping and catheter navigation systems, in experienced centers, should be considered. If possible, it
should be postponed to the second trimester. A suggested workflow can be seen in figure 2.

Long-term management of ventricular tachyarrhythmias

Beta-blocking agents or verapamil are recommended for the prevention of idiopathic sustained VT if asso-
ciated with severe symptoms or hemodynamic compromise . If they fail, sotalol or flecainide may be used
instead. In those with long QT syndrome or catecholaminergic polymorphic VT beta-blocking agents are
essential during pregnancy and post-partum.

Implantable cardioverter-defibrillator (ICD), preferably single chamber, is recommended prior to pregnancy
when clinically indicated. If an indication emerges during pregnancy, subcutaneous ICD implantation is
advised since its implant does not demand fluoroscopy. When, for any given reason, an endocardial implant
is chosen, echocardiographic and/or electroanatomical mapping guidance is recommended, especially if the
fetus is in the first trimester of gestation. Catheter ablation with electroanatomical mapping systems may
be considered in experienced centers for sustained drug-refractory and poorly tolerated VT if there are no
other alternatives.

Anticoagulation

Direct oral anticoagulants, so far, are prohibited in pregnancy as there is little information on maternal and
fetal safety. The choice between therapeutic anticoagulation with low molecular weight heparin (LMWH)
or vitamin K antagonist (VKA) is made according to the stage of pregnancy. Warfarin, a VKA, crosses the
placenta and can cause fetal bleeding, including intracranial hemorrhage, and increase fetal anomalies, with
the latter occurring mainly during the first trimester. Neither unfractionated heparin nor LMWH crosses the
placenta, so these agents do not cause fetal bleeding or teratogenicity, although bleeding at the uteroplacental
junction and fetal wastage are possible. Therefore, heparins are recommended for anticoagulation in the first
trimester, being replaced by VKA after that. Women receiving VKA should be changed to either LMWH
or unfractionated heparin after 36 weeks of gestation to reduce the risk of fetal hemorrhage at the time of
vaginal delivery as well as delivery-associated maternal bleeding.

Sedation prior to electrical cardioversion

Most drugs used for analgesia and sedation are capable of getting into the umbilical venous blood and fetal
circulation. Thus, the potential adverse effects of an agent on the fetus must be considered when selecting
a medication. For analgesia, any opioid is acceptable since they are not considered to be human teratogens.
Sedation is required to tolerate electrical cardioversion. Midazolam is theoretically superior to lorazepam
based on the observation of teratogenic effects in animal studies. However, the clinical importance of these
findings is unclear. Propofol crosses the placenta and may be associated with neonatal respiratory depression.
Data on the clinical use of propofol in pregnant critically ill patients is limited to case reports, so its use
should be limited until more prospective data is available. The limited available human data suggest that
ketamine may be used in low doses throughout pregnancy, but other agents may be preferable.

Conclusion

Arrhythmias treatment during pregnancy is challenging due to the lack of definitive evidence. Despite being
mostly benign, they often impair patients’ quality of life, demanding prompt action in the acute setting and
wise drug choices in the long-term. In this review, we presented a suggested straightforward workflow to
facilitate the management in clinical practice.

References

1. Halpern DG, Weinberg CR, Pinnelas R, Mehta-Lee S, Economy KE, and Valente AM. Use of Medication
for Cardiovascular Disease During Pregnancy: JACC State-of-the-Art Review. J Am Coll Cardiol. 2019;
73:457-476.

3



P
os

te
d

on
A

u
th

or
ea

14
J
u
l

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
65

78
07

26
.6

90
36

48
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

2. Chang SH, Kuo CF, Chou IJ, See LC, Yu KH, Luo SF, Chiou MJ, Zhang W, Doherty M, Wen MS,
Chen WJ, Yeh YH. Outcomes associated with paroxysmal supraventricular tachycardia during pregnancy.
Circulation 2017; 135:616-618.

3. Vaidya VR, Arora S, Patel N, Badheka AO, Patel N, Agnihotri K, Billimoria Z, Turakhia MP, Friedman
PA, Madhavan M, Kapa S, Noseworthy PA, Cha YM, Gersh B, Asirvatham SJ, Deshmukh AJ. Burden of
arrhythmia in pregnancy. Circulation 2017; 135:619-621.

4. Regit-Azgrosek V, Roos-Hesselink JW, Bauersachs J, et al., ESC Scientific Document Group. 2018 ESC
guidelines for the management of cardiovascular diseases during pregnancy. Eur Heart J 2018; 39:3165-241.

5. Lee MS, Chen W, Zhang Z, Duan L, Ng A, Spencer HT, Kwan DM, Shen AY. Atrial fibrillation and
atrial flutter in pregnant women-a population-based study. J Am Heart Assoc 2016; 5:e003182.

6. Silversides CK, Harris L, Haberer K, Sermer M, Colman JM, Siu SC. Recurrence rates of arrhythmias
during pregnancy in women with previous tachyarrhythmia and impact on fetal and neonatal outcomes. Am
J Cardiol 2006; 97:1206-1212.

7. Sanghavi M, Rutherford JD. Cardiovascular physiology of pregnancy. Circulation 2014; 130: 1003-8.

8. Pariente G, Leibson T, Carls A, Adams-Webber T, Ito S, Koren G. Pregnancy-associated

changes in pharmacokinetics: a systematic review. PLoS Med 2016; 13:e1002160.

9. Koren G, Pastuszak A, Ito S. Drugs in pregnancy. N Engl J Med 1998; 338:1128-37.

10. Elkayam U, Goodwin TM. Adenosine therapy for supraventricular tachycardia during pregnancy. Am J
Cardiol 1995; 75:521-523.

11. Katritsis DG, Boriani G, Cosio FG, Hindricks G, Jais P, Josephson ME, Keegan R, Kim YH, Knight BP,
Kuck KH, Lane DA, Lip GY, Malmborg H, Oral H, Pappone C, Themistoclakis S, Wood KA, Blomstrom-
Lundqvist C. European Heart Rhythm Association (EHRA) consensus document on the management of
supraventricular arrhythmias, endorsed by Heart Rhythm Society (HRS), Asia-Pacific Heart Rhythm So-
ciety (APHRS), and Sociedad Latinoamericana de Estimulacion Cardiaca y Electrofisiologia (SOLAECE).
Europace 2017; 19:465-511.

12. Wang YC, Chen CH, Su HY, Yu MH. The impact of maternal cardioversion on fetal haemodynamics.
Eur J Obstet Gynecol Reprod Biol 2006; 126:268-269.

13. Page RL. Treatment of arrhythmias during pregnancy. Am Heart J 1995; 130:871-876.

14. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella M, Diener HC, Heidbuchel
H, Hendriks J, Hindricks G, Manolis AS, Oldgren J, Popescu BA, Schotten U, Van Putte B, Vardas P. 2016
ESC guidelines for the management of atrial fibrillation developed in collaboration with EACTS. Eur Heart
J 2016; 37:2893-2962.

15. Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Blom N, Borggrefe M, Camm J, Elliott PM, Fitzsimons
D, Hatala R, Hindricks G, Kirchhof P, Kjeldsen K, Kuck KH, Hernandez-Madrid A, Nikolaou N, Norekval
TM, Spaulding C, Van Veldhuisen DJ. 2015 ESC guidelines for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death. Eur Heart J 2015; 36:2793-2867.

16. Jeejeebhoy FM, Zelop CM, Lipman S, et al. Cardiac arrest in pregnancy: a scientific statement from
the American Heart Association. Circulation 2015; 132:1747-73.

17. Driver K, Chisholm CA, Darby AE, Malhotra R, Dimarco JP, Ferguson JD. Catheter ablation of
arrhythmia during pregnancy. J Cardiovasc Electrophysiol 2015; 26:698-702.

18. Chen G, Sun G, Xu R, Chen X, Yang L, Bai Y, Yang S, Guo P, Zhang Y, Zhao C, Wang DW, Wang
Y. Zero-fluoroscopy catheter ablation of severe drug- resistant arrhythmia guided by Ensite NavX system
during pregnancy: Two case reports and literature review. Medicine (Baltimore) 2016; 95:e4487.

4



P
os

te
d

on
A

u
th

or
ea

14
J
u
l

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
65

78
07

26
.6

90
36

48
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

19. Szumowski L, Szufladowicz E, Orczykowski M, Bodalski R, Derejko P, Przybylski A, Urbanek P, Kus-
mierczyk M, Kozluk E, Sacher F, Sanders P, Dangel J, Haissaguerre M, Walczak F. Ablation of severe
drug-resistant tachyarrhythmia during pregnancy. J Cardiovasc Electrophysiol 2010; 21:877-882.

20. Rashba EJ, Zareba W, Moss AJ, Hall WJ, Robinson J, Locati EH, Schwartz PJ, Andrews M. Influence of
pregnancy on the risk for cardiac events in patients with hereditary long QT syndrome. LQTS investigators.
Circulation 1998; 97:451-456.

21. Miyoshi T, Kamiya CA, Katsuragi S, Ueda H, Kobayashi Y, Horiuchi C, Yamanaka K, Neki R,
Yoshimatsu J, Ikeda T, Yamada Y, Okamura H, Noda T, Shimizu W. Safety and efficacy of implantable
cardioverter-defibrillator during pregnancy and after delivery. Circ J 2013; 77:1166-1170.

22. Yurdakök M. Fetal and neonatal effects of anticoagulants used in pregnancy: a review. Turk J Pedia-
tr. 2012; 54:207-15.

23. Elkayam U, Goland S. The search for a safe and effective anticoagulation regimen in pregnant women
with mechanical prosthetic heart valves. J Am Coll Cardiol 2012; 59:1116-8.

24. Gal Neuman, MD, Gideon Koren, MD, FRCPC. Safety of Procedural Sedation in Pregnancy. J Obstet
Gynaecol Can 2013; 35:168-173.

25. Bacon RC, Razis PA. The effect of propofol sedation in pregnancy on neonatal condition. Anaesthesia
1994; 49:1058.

Figures

Figure 1 . Acute setting tachyarrhythmias management in pregnancy workflow

AVNRT: atrioventricular nodal reentrant tachycardia; AVRT: atrioventricular reciprocating tachycardia; AT:
atrial tachycardia; WPW: Wolff-Parkinson-White syndrome; AC: anticoagulation; VT: ventricular tachycar-
dia
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Figure 2. Long-term management of tachyarrhythmias in the pregnancy workflow

AVNRT: atrioventricular nodal reentrant tachycardia; AVRT: atrioventricular reciprocating tachycardia; AT:
atrial tachycardia; WPW: Wolff-Parkinson-White syndrome; OAC: oral antic VT: ventricular tachycardia;
ICD: implantable cardioverter-defibrillator
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