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Pregnancy is closely associated with an elevated risk of arrhythmias, constituting the predominant cardiovascular

complication during this period. Pregnancy may induce the exacerbation of previously controlled arrhythmias and,

in some instances, arrhythmias may present for the first time in pregnancy.
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1. Introduction

Disturbances of heart rhythm are the most common cardiovascular complication of pregnancy . Over the past 20

years, prevalence of arrhythmias in pregnancy has risen in the United States . Hospitalizations due to

arrhythmias in pregnancy have increased by 58% from 2000 to 2012, mainly due to a rise in atrial fibrillation and in

ventricular tachycardia . In a comprehensive 10-year retrospective analysis of maternal cardiovascular deaths,

arrhythmias emerged as a significant contributor, being identified as the immediate or underlying cause in 10.7% of

cases . Women 41–50 years of age, or with cardiovascular disease (like congenital heart disease) or

cardiovascular comorbidities (i.e., hypertension, diabetes mellitus, and obesity) more frequently experience

arrhythmias .

Arrhythmias can occur in pregnancy for the first time, but pregnancy can also worsen a previously controlled

arrhythmia due to its physiological changes . Particularly noteworthy is the heightened risk associated with

arrhythmias of ventricular origin, which not only elevate the likelihood of syncope but also substantially augment

the probability of sudden cardiac death .

Pregnancy itself carries an increased risk of arrhythmias, because of proarrhythmic mechanisms caused by

cardiovascular, autonomic, and hormonal changes . The postpartum period of adaptive changes in the circulatory

system is the most arrhythmogenic period . This underscores the critical importance of understanding and

managing arrhythmias during pregnancy, emphasizing the need for a multidisciplinary approach, vigilant

monitoring, and timely intervention to safeguard maternal health and ensure optimal fetal outcomes.

2. Pathophysiology of Arrythmias in Pregnancy

Maternal hemodynamics undergo profound changes throughout pregnancy, with significant alterations initiating

shortly after conception, peaking during the second and early third trimesters, and maintaining relative stability until
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the onset of labor and delivery. These hemodynamic shifts play a crucial role in supporting the developing fetus

and adapting to the evolving demands of pregnancy. The heightened susceptibility to arrhythmic events in pregnant

women results from a complex interplay of autonomic, hormonal, and cardiovascular modifications (Figure 1) .

Specifically, heightened levels of plasma catecholamines, amplified ventricular end-diastolic volume resulting from

intravascular volume expansion, mechanical effect of atrial stretch, and the multifaceted influence of hormonal and

emotional changes collectively promote a proarrhythmic environment .

Figure 1. Physiopathology of arrythmias in pregnancy.

Cardiac output (CO) increases throughout pregnancy. It experiences a surge as early as six weeks into gestation,

persisting until 20–24 weeks, peaking at levels 30–50% higher than the non-pregnant baseline. In instances of

multiple gestation pregnancies, this augmentation is further pronounced, with CO escalating by 60–70% .

This surge is influenced by changes in three key factors governing CO: (a) augmented preload stemming from the

rise in plasma volume; (b) diminished afterload attributable to the decline in systemic vascular resistance (SVR); (c)

elevated heart rate (HR) . During the early stages of gestation, plasma volume undergoes a gradual expansion

of 10–15%, intensifying its augmentation to 40–50% above pre-pregnancy levels by the 30th–34th weeks. The

concurrent reduction in systemic vascular resistance (SVR) can be attributed to a combination of factors. Firstly,

the uteroplacental circulation establishes a low-resistance circuit. Secondly, estrogen-induced vasodilatation plays

a crucial role, with estrogen promoting nitric oxide production . Finally, during the first trimester, there is an

elevation in resting HR, exhibiting an average escalation of 10–30 beats per minute (bpm). This upward trend

persists, progressively intensifying, until reaching its zenith at 34 weeks, with a maximum HR of 91 bpm (3rd to

97th centiles: 68–115 bpm) . Subsequently, at 40 weeks, a marginal decrease is noted, with the median HR

settling at 89 bpm (3rd to 97th centiles: 65–114 bpm). This increase in HR is likely due to hormonal changes in the
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early stages of pregnancy, while the later increase is linked to augmented left atrial diameter and sympathetic

activation .

The rise in cardiac output contributes to optimal fetal growth and development. However, in patients with underlying

heart disease, this increase in cardiac output can cause cardiac failure during the latter half of pregnancy. In

addition, these hemodynamic changes lead to myocardial atrial and ventricular stretching, which results in

activation of stretch-sensitive ion channels, with membrane depolarization, shortened refractoriness, slowed

conduction, and spatial dispersion of refractoriness, resulting in potential arrhythmogenesis .

Another cause of arrhythmogenicity during pregnancy is the change in sympathetic tone. In a physiological context,

pregnancy is characterized by a decrease in parasympathetic activity and an increase in sympathetic activity

during periods of rest. This heightened sympathomimetic tone is influenced by various factors, encompassing

neurohormonal alterations throughout pregnancy and heightened sympathetic responses triggered by pain and

anxiety during labor and delivery . Increased sympathetic activity may contribute to abnormal automaticity or

reentry activity .

Concerning hormonal changes, cardiac myocytes have estrogen and progesterone receptors. The downstream

effects of estrogen and progesterone on cardiac myocytes are not well understood, but studies have shown these

hormones play a role in repolarization . Both animal and human studies have described the arrhythmogenic

potential of estrogen and progesterone by increasing the number and responsiveness of adrenergic receptors

within the myocardium .

3. Echocardiographic and Electrocardiographic Changes
during Pregnancy

3.1. Echocardiographic Changes

The most important echocardiographic modifications associated with pregnancy are predominantly attributed to

pregnancy-induced hypervolemia and encompass the following aspects: (a) left atrial size increases by 0.4–0.5 cm,

while the left ventricular diastolic dimension expands by 0.2–0.4 cm; (b) left ventricular mass experiences a rise of

5–10%, resulting in eccentric hypertrophy; (c) ventricular global systolic function shows no significant alteration;

however, global longitudinal strain decreases to the lower end of the normal range in the later stages of pregnancy,

maintaining stability until term; (d) each valve may exhibit mild regurgitation, especially in the third trimester; (e)

small pericardial effusions are prevalent, reported in up to 25–40% of normal pregnancies; (f) slight elevations in

pulmonary arterial pressure are observed .

These changes typically resolve three to six months postpartum.

3.2. Electrocardiographic Changes
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Anatomic and physiologic changes of the heart and chest wall during pregnancy may cause alterations also in the

electrocardiogram . All these

pregnancy-related ECG effects usually restore following delivery. The principal alterations are described below.

During pregnancy, sinus tachycardia is common. The heart rate increases by 10–20 beats per minute and the

upper limit of the resting HR typically is not greater than 100 bpm .

The heart is rotated toward the left, resulting in a 15–20 degree left axis deviation. As a consequence, leftward shift

in the QRS axis may be seen.

Other findings include shortened PR interval, increased R/S ratio in leads V1 and V2, Q waves and inverted T

waves in the inferior leads, and nonspecific transient ST-T changes. In addition, a QRS prolongation, due to

ventricular dilatation, may be also found in pregnancy.

The uncorrected QT shortens in tachycardia. However, the QTc interval is longer in the second and third trimester

of pregnancy compared with non-pregnancy, although it is still within normal range . A recent study

reported that QTc intervals in women in the 1st, 2nd, and 3rd trimester of pregnancy in the puerperium are

respectively 420.57 (SD 24.91), 427.58 (SD 18.61), 426.56 (SD 16.12), and 428.83 (SD 22.52) seconds .

With regard to T-peak to T-end interval (TpTe interval), an increase in his duration may be observed starting in the

first trimester with highest values observed in the postpartum period . The TpTe interval is the distance between

the T-wave peak point and the returning point to the isoelectric line. The electrocardiographic TpTe interval is

considered to be a more sensitive diagnostic marker of arrhythmogenesis, compared to the traditionally used QT

interval, especially with the accompanying change in the shape of the T wave to biphasic . In particular, TpTe

interval prolongation (i.e., over 120 ms) may be associated with development of potentially lethal ventricular

arrhythmia and polymorphic ventricular tachycardia.

Therefore, for women with an inherent predisposition to repolarization abnormalities, pregnancy may constitute a

phase of heightened susceptibility to cardiac arrhythmias. Maximum QTc and T-peak to T-end intervals are

indicators of sympathetic activation . In addition, the duration of the TpTe interval correlates also with the

thickness of the left ventricular wall .
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