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1. Introduction
It is critical to study heart diseases during pregnancy 
because of the unique demands pregnancy places on 
the cardiovascular system. This review aims to provide a 
comprehensive overview of the maternal cardiovascular 
risk stratifications during pregnancy as well as various 
types of heart diseases that can affect pregnant women. 
Additionally, it discusses maternal and fetal outcomes 
associated with heart disease during pregnancy. 

2. Epidemiology
Cardiovascular disease (excluding hypertensive disorders) 
complicates approximately 1%–4% of all pregnancies with 
rates as high as 26.5% of pregnancy-related deaths in 
the US. This establishes cardiovascular disease as one of 
the leading causes of maternal mortality in high-income 
countries [1,2]. The prevalence of cardiovascular diseases 
among hospitalized pregnant patients increased from 9.2% 
in 2010 to 14.8% in 2019 [3]. 

Hypertensive disorders were the most common (seen in 
about 10% of pregnancies) cardiovascular conditions [4,5].

Obesity, chronic metabolic conditions, and 
advanced maternal age are increasingly common among 
pregnant women, thus elevating their risk of developing 
cardiovascular complications [6]. Moreover, a recent study 
highlighted that in over a decade there was a notable 
increase in the incidence of severe cases of heart disease 

categorized as class III or IV by the modified World Health 
Organization (mWHO) cardiovascular risk categorization 
in pregnant women [7]. 

Demographic and regional differences significantly 
influence the prevalence of heart diseases during 
pregnancy. In low-income countries, rheumatic valvular 
disease is a leading cause of cardiac complications in 
pregnant women, whereas congenital heart disease (CHD) 
is more prevalent in high-income countries. For example, 
a study conducted in India found that rheumatic heart 
disease (RHD) accounted for 62.5% of cardiac cases 
among pregnant women, while CHD accounted for 12.5% 
[8]. In contrast, a European registry reported that CHD 
made up 57% of cardiac cases in pregnant women, with 
valvular heart disease accounting for 29% [9].

3. Mechanisms of cardiovascular adaptations 
Pregnancy induces significant cardiovascular changes to 
meet the increased nutritional demands of both the mother 
and the fetus. These adaptations are aided by vasodilators 
like nitric oxide, prostaglandins, progesterone, estrogen, 
and relaxin, which help with blood vessel widening 
and remodeling [10]. Vasodilation is accompanied by a 
decrease in systemic vascular resistance (SVR), which 
drives the activation of the renin–angiotensin–aldosterone 
system (RAAS). Subsequently, this leads to sodium and 
water retention and increased blood volume [11].
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Key adaptations include a reduction in SVR and an 
increase in cardiac output, heart rate (HR), and stroke 
volume, as well as a rise in plasma volume and red blood 
cell volume. The vascular system undergoes remodeling, 
characterized by increased compliance and reduced 
arterial stiffness, to support enhanced uteroplacental 
blood flow [10]. Uteroplacental shunting and vasodilation, 
which occur secondary to a resistance to vasopressors, 
further contribute to the decrease in SVR. Cardiac output 
increases by up to 50% by 20 to 24 weeks of pregnancy, 
primarily driven by increased preload due to a rise in 
blood volume, elevated HR, and stroke volume and a 
reduction in SVR, which lowers afterload [10]. The decline 
in SVR additionally promotes fluid and sodium retention 
by triggering activation of the RAAS. The decrease in SVR 
increases HR through baroreceptor-mediated sympathetic 
system activation, resulting in a HR increase of up to 30 
beats per minute (bpm), peaking at an average of 91 bpm 
by 34 weeks [12].

From the first trimester, systolic, diastolic, and mean 
arterial blood pressures decrease, reaching their lowest 
point at around 18–20 weeks, and then increase during 
the third trimester. In late pregnancy, blood pressure may 

exceed pregestational levels. By 34 weeks of gestation, 
plasma volume increases by 40%–50% compared to normal 
levels. Hematopoiesis and red blood cell volume increase 
by 25% above baseline values by 34 weeks. The disparate 
increase in plasma volume results in the dilutional anemia 
of pregnancy, contributing to decreased blood viscosity 
and increased cardiac output [10].

The increased synthesis of coagulation factors and 
fibrinogen along with the decrease in antithrombin III and 
free protein S levels and lower rate of fibrinolysis results 
in a hypercoagulable state, which is critical in preventing 
excessive postpartum hemorrhage [13]. Other changes 
include an increase in renal blood flow by 50%–80% 
to facilitate the removal of metabolic waste from both 
the mother and the fetus. Enhanced renal blood flow is 
critical for the increased excretion of maternal and fetal 
waste products, maintaining fluid and electrolyte balance 
[12]. Tidal volume and minute ventilation increase due 
to progesterone’s stimulatory effect on the respiratory 
center, leading to slight respiratory alkalosis, improving 
maternal oxygenation and carbon dioxide removal [14]. 
A summary of the cardiovascular changes seen during a 
normal pregnancy is presented in Table 1.

Change Description Clinical Significance Time in Gestational Weeks

Cardiac output

Increases by 30%–50% to meet 
the increased metabolic demands 
of pregnancy. Peaks in the second 
trimester.

Enhanced cardiac output is crucial for 
supporting increased metabolic and 
circulatory demands.

20–24 weeks

Heart rate
Increases by 10–20 beats per minute 
due to increased sympathetic activity 
and hormonal influences.

Increased heart rate helps maintain 
adequate cardiac output despite reduced 
systemic vascular resistance.

20–24 weeks

Stroke volume
Increases by approximately 30% due 
to enhanced myocardial contractility 
and preload.

Increased stroke volume is essential 
for compensating for the higher 
blood volume and ensuring efficient 
circulation.

20–24 weeks

Blood volume
Increases by 40%–50% to provide 
adequate perfusion to the placenta 
and growing fetus.

Expanded blood volume helps meet 
the oxygen and nutrient demands of 
the fetus and supports uteroplacental 
circulation.

20–24 weeks

Systemic vascular 
resistance

Decreases due to the vasodilatory 
effects of progesterone and relaxin, 
reducing afterload.

Reduced systemic vascular resistance 
lowers afterload and facilitates increased 
cardiac output, essential for fetal 
development. 

20–24 weeks

Blood pressure

Decreases in the first and second 
trimesters; then may return to 
prepregnancy levels or increase 
slightly in the third trimester.

Alterations in blood pressure reflect the 
body’s adaptation to maintain optimal 
perfusion pressure to vital organs and 
the placenta. 

12–20 weeks

Table 1. Key cardiovascular changes associated with normal pregnancy.
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4. Effect of cardiovascular disorders on maternal and 
fetal health
About 17% of pregnancy-associated maternal deaths are 
attributed to cardiac conditions [15]. The prognosis for 
both mother and fetus depends largely on the specific type 
and severity of the heart disease. The perinatal period, 
from the early third trimester to the postpartum period, 
carries the highest risk of cardiac events [2,16].

Fetal complications such as intrauterine growth 
restriction, preterm birth, and low birth weight are 
common. Additionally, the risk of miscarriage and 
fetal hypoperfusion with consequent hypoxemia 
especially in cyanotic heart disease is increased. In heart 
diseases necessitating anticoagulation, teratogenic and 
hemorrhagic risks exist for the fetus [17]. Finally, parental 
congenital heart disease can increase the risk of inherited 
heart disease in the fetus with differing rates of penetrance 
depending on the specific defect [18].  

5. Differentiating normal pregnancy changes from heart 
disease
The cardiovascular changes that occur during 
pregnancy can mask underlying heart diseases or mimic 
symptoms of cardiac dysfunction. This overlap can 
lead to delayed diagnosis of serious conditions such as 
peripartum cardiomyopathy or aortic dissection [17]. 
Physical examination combined with diagnostic tools, 
such as electrocardiography (ECG), transthoracic 
echocardiography (TTE), and magnetic resonance 
imaging (MRI) (ideally performed without gadolinium), 
along with serial measurements of biomarkers such 

as natriuretic peptides, can be used for differentiating 
normal physiological changes from pathological 
conditions. Increased values of N-terminal pro-B-type 
natriuretic peptides may indicate cardiac stress or heart 
failure (HF) [19]. Cardiopulmonary exercise testing 
may also be employed. Other tests involving ionizing 
radiation must be avoided unless absolutely necessary. 
Lead shielding should be used to decrease fetal radiation 
exposure. 

On physical examination, there are a number of 
findings seen in normal pregnancies that may also be seen 
with heart disease. Dyspnea, tachycardia, varicose veins, 
pedal edema, and increased jugular venous pressure may 
be normal physiologic findings in pregnancy. However, 
findings such as worsening dyspnea, orthopnea, 
paroxysmal nocturnal dyspnea, nightly cough, 
hemoptysis, chest pain, cyanosis, unrelenting dilation of 
neck veins, cardiomegaly, presence of diastolic murmurs, 
systolic murmurs > 2/6, and consistently split second 
heart sound may be suggestive of a cardiac disturbance 
[17].  

Due to hyperdynamic circulation during pregnancy, 
a systolic flow murmur can be heard in up to 90% of 
pregnant patients and S3 can be auscultated in over 80% 
of patients [20]. Additionally, auscultation findings during 
healthy pregnancies include increased intensity and 
splitting of S1, systolic ejection murmur, mammary souffle, 
especially on the left side, and venous hum suprasternally. 
The apical impulse may be displaced 2–3 cm lateral to its 
prepregnancy position. Rarely, an early diastolic murmur 
can be heard [17].

Table 1. (Continued.)

Venous pressure
Increases, particularly in the lower 
extremities, contributing to edema 
and varicose veins.

Increased venous pressure can lead to 
discomfort and complications such as 
varicose veins and edema, requiring 
careful management. 

Third trimester

Renal blood flow
Increases by 50%–80% to facilitate the 
removal of metabolic waste from both 
the mother and fetus.

Enhanced renal blood flow is critical for 
the increased excretion of maternal and 
fetal waste products, maintaining fluid 
and electrolyte balance. 

16–22 weeks

Uterine blood flow
Increases significantly to ensure 
sufficient oxygen and nutrient 
delivery to the fetus.

Significantly increased uterine 
blood flow is vital for fetal growth 
and development, highlighting the 
importance of adequate placental 
perfusion. 

20–24 weeks

Respiratory 
changes

Tidal volume and minute ventilation 
increase due to progesterone’s 
stimulatory effect on the respiratory 
center, leading to slight respiratory 
alkalosis.

Increased tidal volume and minute 
ventilation improve maternal 
oxygenation and carbon dioxide 
elimination, crucial for both maternal 
and fetal health. 

Throughout pregnancy, peaks 
at 24–28 weeks
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Some suspicious features of ECG in pregnant women 
can be accepted as normal if asymptomatic [21]. Left 
deviation of the QRS axis, increased frequency of 
prominent Q waves, and abnormal T waves including 
T wave inversion and flat T-waves were significantly 
increased in normal pregnancies. 

Among the echocardiographic changes that are 
considered normal in pregnancy are increased left 
ventricular end diastolic dimension, left ventricular mass, 
cardiac output, right ventricular diastolic area, increased 
valvular regurgitation, especially tricuspid and pulmonic, 
increased right and left atrial size, increased valvular 
annulus dimension, and increased aortic and pulmonary 
velocity time integral [22]. 

6. Cardiac risk stratification and counseling
Various tools are employed to predict cardiovascular 
complications during pregnancy. The mWHO [1,23–25], 
CARPREG II (Cardiac Disease in Pregnancy II) [26], and 
ZAHARA II (Pregnancy in Women with Congenital Heart 
Disease II, translated from Dutch) [27] are among the 
most commonly used risk classification systems.

The mWHO classification (Table 2) categorizes women 
into four risk classes according to their cardiovascular 
condition [1,23,28]. 

CARPREG II provides a comprehensive risk assessment 
by generating a risk score, with one point assigned for the 
presence of each variable, such as prior arrhythmia or cardiac 
events, baseline New York Heart Association (NYHA) [29] 

class > II, mild or moderately obstructed left heart, and 
ventricular dysfunction with ejection fraction (EF) < 40%. 
A CARPREG II risk score of 0 carries minimal risk (less 
than 5% of unfavorable events), a score of 1 corresponds to 
a 27% risk, and a score higher than 1 indicates a 75% risk, 
which may necessitate pregnancy termination [26,28].

The ZAHARA II risk scoring system considers several 
factors in addition to those included in the CARPREG 
risk scoring. Besides prior arrhythmic events, preexisting 
NYHA class > II, and left heart obstruction, it also includes 
moderate to severe atrioventricular valve regurgitation, 
pulmonary valve regurgitation, history of heart medication, 
and the presence of a mechanical prosthetic valve [27]. 
Meanwhile, ZAHARA II is particularly effective in CHD, 
incorporating Doppler and echocardiographic measures to 
assess uteroplacental flow, although it may overestimate risk 
in lower-risk pregnancies [30].

A prospective study by the ZAHARA researchers 
demonstrated that the mWHO risk classification was 
superior to the CARPREG II and ZAHARA II risk 
scoring systems [30]. The mWHO risk stratification is 
recommended for risk assessment by both American and 
European professional cardiac societies [1,31,32]. Although 
the mWHO risk stratification system is considered the most 
accurate, it may be better suited for high-income rather than 
low-income countries [1].

Among the available risk stratification models 
for cardiovascular disease in pregnancy, the mWHO 
classification consistently demonstrates superior 

Class I II II to III III IV

Cardiac 
condition

Corrected ASD, 
VSD, PDA, APVR 
minor PS, PDA, 
MVP 

Unrepaired ASD, 
VSD, repaired TOF, 
supraventricular 
arrhythmias

Minor LVD EF 
> 45%, HCMP, 
MS or AS (not 
severe), MFS 
without aortic 
dilatation, BAV 
with <45 mm 
aorta, repaired 
CoA

LVD with EF 
35%–45%, history 
of PPCMP, 
mechanical valve, 
systemic right 
ventricle with 
minor ventricular 
dysfunction,
Unrepaired 
CCHD, Moderate 
MS, severe 
AS without 
symptoms, aortic 
dilatation of 
40–45 mm in 
MFS; 45–50 mm 
in BAV 

PAH, 
systemic ventricular 
dysfunction with EF <30%,
history of 
PPCM with residual LVD,
Severe MS, symptomatic
AS, 
Complicated Fontan, 
Systemic right ventricle
with significantly depressed 
ventricular function,
aortic dilatation
(>45 mm in MFS,
>50 mm in BAV, TOF > 50 
mm),
vascular Ehler Danlos 

APVR, anomalous pulmonary venous return; PS, pulmonary stenosis; PDA, patent ductus arteriosus; MVP, mitral valve prolapse; TOF, 
tetralogy of Fallot; LVD, left ventricular dysfunction; EF, ejection fraction; HCMP, hypertrophic cardiomyopathy; MS, mitral stenosis; 
AS, aortic stenosis; MFS, Marfan syndrome; BAV, bicuspid aortic valve; CoA, coarctation of aorta; PPCMP, peripartum cardiomyopathy; 
CCHD, cyanotic congenital heart disease; PAH, pulmonary arterial hypertension

Table 2. Modified WHO risk classification for maternal cardiovascular diseases [1].



TÜRKMEN and AKAR İNAN / Turk J Med Sci

28

predictive accuracy, particularly for CHD, with an AUC 
ranging from 0.75 to 0.83 across various studies [33]. The 
ZAHARA II model performs well specifically in CHD 
cases, but may overestimate risk in lower-risk pregnancies 
[34]. CARPREG II, while useful for general cardiac 
conditions, is shown to have lower accuracy in congenital 
cases, with an AUC of about 0.66–0.73 [35].

7. Congenital heart disease
CHDs are the most prevalent heart disorders among 
pregnant women in high-income countries. Advances 
in medical and surgical treatments have enabled many 
women with complex CHDs to reach childbearing age. 

A recent study from the ESC EORP ROPAC Registry, 
which included data from 53 countries, found that out of 
5739 pregnancies with various forms of heart diseases, 
3295 (57.4%) women had CHD, indicating a significant 
prevalence of CHD among pregnant women with heart 
diseases [36]. Furthermore, a metaanalysis that included 
data from six studies with a total of 3426 pregnancies 
found that in high-income countries CHD is the most 
common cardiovascular disorder affecting pregnancy, 
accounting for around 80% of cases [37]. Additionally, 
the number of women with CHD becoming pregnant is 
increasing due to advancements in surgical care, further 
increasing the prevalence of CHD in this population 
[38].

CHDs can vary from simple defects like atrial septal 
defects (ASDs) to complex anomalies such as tetralogy of 
Fallot (TOF) and Eisenmenger syndrome (ES). Women 
with uncorrected CHD face higher risks of maternal 
mortality and HF compared to those with corrected CHD. 
According to the ESC EORP ROPAC Registry, women 
with uncorrected CHD had maternal mortality rates of 
0.7% and HF rates of 8.7%, with ES posing particularly 
high risks (65.5% for cardiac events and 10.3% for maternal 
mortality) [36].
7.1. Acyanotic congenital heart disease
The majority of CHDs in pregnant women are 
acyanotic defects, including those with left-to-right 
intracardiac shunting, such as ASD, VSD, and patent 
ductus arteriosus (PDA). ASDs and VSDs are the most 
prevalent congenital heart defects, with left-to-right 
shunting lesions comprising approximately 44.7% 
of uncorrected CHD cases in pregnant women [36]. 
These shunts cause blood to flow from the left side of 
the heart to the right, leading to increased pulmonary 
blood flow and potential complications like PAH, 
volume overload, HF, and arrhythmias. The risk of 
adverse outcomes is particularly high in women with 
large, uncorrected shunts or those with associated 
PAH. 

7.2. Cyanotic congenital heart disease 
Right-to-left shunts, present in conditions like TOF, 
total anomalous pulmonary venous return (TAPVR), 
transposition of the great arteries, truncus arteriosus, 
tricuspid valve abnormalities seen in Ebstein’s anomaly 
(EA), and ES, allow deoxygenated blood to bypass the 
lungs and enter systemic circulation. This results in 
hypoxemia and cyanosis. Symptoms may include severe 
shortness of breath, fatigue, and cyanosis, which can 
worsen during pregnancy due to increased blood volume 
and cardiac output.

Maternal right-to-left shunting carries high risk for 
both maternal and fetal complications, including HF, 
arrhythmias, preterm birth, and intrauterine growth 
restriction. Chronic maternal cyanosis increases the risk 
of both hemorrhage and thrombosis due to hemostatic 
abnormalities [39]. The prognosis largely depends on 
the kind and degree of severity of the defect, as well as 
the presence of any corrective surgery performed prior 
to pregnancy. Women with surgically corrected TOF 
generally have a better prognosis compared to those with 
untreated conditions [39]. 

Effective management strategies include preconception 
counseling, regular echocardiographic assessments, and 
use of phosphodiesterase inhibitors and prostacyclin PGI2 
analogues such as iloprost [40]. 
8. Acquired heart disease
Acquired heart diseases in pregnancy include conditions 
that develop over a woman’s lifetime, such as hypertensive 
disorders, coronary artery disease, and cardiomyopathies. 
Cardiovascular disease, especially in cases involving 
hypertensive disorders and acute coronary syndromes, is 
the leading cause of maternal mortality [2]. Furthermore, 
women with a history of RHD may encounter significant 
challenges during pregnancy. A study conducted at a 
tertiary care hospital in India reported that 19.05% of 
pregnant women with cardiac conditions had isolated 
mitral stenosis associated with RHD, which was associated 
with high rates of maternal complications, including HF 
and postpartum cardiac events [41]. 
8.1. Hypertensive disorders 
Hypertensive disorders of pregnancy (HDP) include 
chronic hypertension, gestational hypertension, 
preeclampsia, and eclampsia, affecting approximately 5%–
10% of pregnancies globally [4,5]. A metaanalysis reported 
a pooled prevalence of HDP at 6.82%, with preeclampsia 
accounting for 4.74% of cases [42]. HDP are defined by 
elevated blood pressure and, in the case of preeclampsia, 
the presence of proteinuria and/or end-organ dysfunction. 
The pathophysiology involves complex interactions among 
genetic, environmental, and immunological factors, 
driving endothelial dysfunction and impaired placental 
perfusion [43].
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In patients with preexisting heart disease, the prevalence 
of preeclampsia (14.3%) is significantly higher than in 
those without heart disease (2%–3%) [44]. It is thought 
that preexisting or unmasked heart disease in pregnancy 
can trigger preeclampsia through disturbances in vascular 
remodeling and endothelial dysfunction. Hypertensive 
disorders pose immediate risks in pregnancy and long-term 
risks for cardiovascular health, including higher chances of 
hypertension, heart disease, and stroke [45].

Pregnant women with HDP may experience symptoms 
such as headache, visual disturbances, epigastric pain, 
and edema. Severe cases can lead to complications like 
placental abruption, preterm delivery, and intrauterine 
growth restriction. Management of HDP involves close 
observation of maternal and fetal well-being, lifestyle 
modifications, and pharmacologic interventions, including 
antihypertensive medications and low-dose aspirin for 
high-risk women [46].
8.2. Coronary artery disease
Coronary artery disease (CAD) during pregnancy, though 
uncommon, poses significant risks to both the mother 
and the fetus. Physiological changes during pregnancy, 
such as increased blood volume and cardiac output, can 
worsen existing coronary conditions, potentially leading 
to acute myocardial infarction (AMI). The incidence 
of pregnancy-associated AMI is up to four times higher 
than in age-matched nonpregnant women [47]. The risk 
of AMI increases with maternal age, varies with ethnicity, 
and is particularly higher in the third trimester. AMI most 
frequently affects the anterior myocardium.  

Managing CAD in pregnant women requires balancing 
both maternal and fetal well-being. Initial medical 
management includes antiplatelet agents, aspirin, and 
beta-blockers. Statins should generally be avoided. Invasive 
procedures such as percutaneous coronary intervention 
(PCI) are considered for acute coronary syndromes. 
The timing of interventions is critical, with the second 
trimester being the safest period for invasive procedures 
to minimize radiation exposure and teratogenic risks. 
Post-PCI management typically includes dual antiplatelet 
therapy with a preference for bare-metal stents to reduce 
the duration of required anticoagulation therapy [48]. 
Vaginal delivery is generally preferred and delivery should 
be avoided within 2 weeks of AMI [47]. 
8.3. Spontaneous coronary artery dissection
Spontaneous coronary artery dissection (SCAD) is the 
major cause of myocardial infarction in pregnant women. It 
often occurs in the peripartum period and is characterized 
by the separation of the coronary artery walls, leading to 
reduced blood flow and myocardial ischemia. SCAD is 
frequently related to fibromuscular dysplasia. Diagnosis 
is challenging and requires high clinical suspicion, often 
confirmed through coronary angiography [49].

Management of SCAD in pregnancy focuses on 
conservative treatment to avoid the risks associated with 
invasive procedures. Beta-blockers are commonly used to 
manage symptoms and prevent further dissection. When 
conservative management is inadequate, revascularization 
through PCI or coronary artery bypass grafting may be 
necessary [50].

9. Specific heart diseases based on the mWHO risk 
categories
9.1. mWHO class I cardiac disease
The rate of maternal cardiovascular events in this class is 
minimal, estimated between 2% and 5% with no significant 
increase in maternal mortality [1,23] (Table 2). 
9.1.1. Atrial septal defect
Ostium secundum ASD constitutes the major type of 
ASD, accounting for about 75% of all ASDs diagnosed in 
adulthood. It is also the most common CHD in pregnancy. 
This defect often remains asymptomatic until adulthood 
or pregnancy. Corrected ASDs carry minimal risk during 
pregnancy. However, in unrepaired ASDs accompanied 
by arrhythmias, right heart dilation, and pulmonary 
hypertension, the risk of adverse events in pregnancy 
increases. For example, a recent study showed that 44% 
of adult patients with ostium secundum ASD had mild to 
moderate pulmonary hypertension, which significantly 
impacts their cardiovascular health during pregnancy [51]. 
Since pregnancy poses an augmented risk of deep venous 
thrombosis (DVT), vigilance and preventive measures 
(ambulation and antithrombotic stockings) against 
paradoxical embolization into the systemic circulation 
and then to vital organs is necessary in unrepaired cases. 
Additionally, prevention of excessive hemorrhage is 
necessary as it may increase left-to-right shunting [52]. 

Management strategies for pregnant women with ASD 
II typically involve careful monitoring of the defect size 
and shunt severity, as large defects (>10 mm) are more 
likely to lead to complications such as HF and arrhythmias 
[53]. In some cases, percutaneous or surgical closure of the 
ASD before pregnancy may be recommended to reduce 
risks and improve outcomes. Anticoagulants may be used 
in high-risk patients.
9.1.2. Ventricular septal defect
VSDs are also among the most prevalent congenital cardiac 
anomalies encountered during pregnancy. VSDs can vary 
significantly in size and impact. Small muscular VSDs 
often remain asymptomatic and may not significantly 
impact pregnancy outcomes; however, larger defects, 
particularly those complicated with PAH or ES, can lead 
to severe complications. For instance, studies highlighted 
that untreated large VSDs with ES present a high risk for 
maternal and fetal mortality [54].
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 In addition, muscular VSDs often close spontaneously 
either prenatally or in early childhood, reducing the need 
for intervention and highlighting the variability in clinical 
outcomes based on defect size and location [55]. There is a 
heart disease risk of up to 7% in offspring born to mothers 
with VSD [44].
9.1.3. Patent ductus arteriosus
 PDA is a congenital heart defect in which the ductus 
arteriosus, a blood vessel that bypasses the lungs in fetal 
circulation, remains open after birth. The severity of PDA 
varies, with some cases being small and asymptomatic, 
while others are large and hemodynamically significant. 
Large PDAs are particularly concerning as they can lead 
to HF, PAH, and ES.

Pregnant women with PDA may experience symptoms 
such as dyspnea, palpitations, and listlessness. In severe 
cases, symptoms of HF may also occur.

The prognosis for pregnant women with PDA depends 
significantly on the size of the defect and the presence 
of any associated pulmonary hypertension or HF. Small, 
asymptomatic PDAs typically do not pose a major risk 
during pregnancy and can often be managed conservatively. 
In contrast, large PDAs can lead to severe complications, 
necessitating a more aggressive management approach. 
Management of PDA during pregnancy typically involves 
close monitoring and, in some cases, medical or surgical 
intervention. Pharmacological closure using agents such as 
indomethacin or ibuprofen has been shown to be effective 
in some cases, although the safety and efficacy of these 
treatments during pregnancy require careful consideration 
[56]. Follow-up care with regular echocardiographic 
assessments is necessary to monitor the size of the ductus 
arteriosus and evaluate cardiac function [57].
9.1.4. Anomalous pulmonary venous return
Although corrected anomalous pulmonary venous return 
(APVR) carries minimal risk of adverse events during 
pregnancy, uncorrected APVR may lead to pulmonary 
arterial hypertension and result in serious maternal and 
fetal risk [58]. 
9.1.5. Pulmonary valve stenosis
Isolated mild pulmonary stenosis that is not associated 
with other cardiac defects and repaired pulmonary stenosis 
do not increase the risk of adverse events in pregnancy. 
An increased risk of preeclampsia (14.3%), prematurity 
(14.5%), and perinatal mortality (4.5%) was observed 
among pregnant women with repaired and unrepaired 
pulmonic valvular stenosis. CHD was seen in 2.8% of 
offspring [44]. 

Severe pulmonic stenosis may lead to right ventricular 
failure, which is associated with worse prognosis in 
pregnancy. Percutaneous correction of pulmonic stenosis 
during pregnancy has been associated with improved 
outcome [59].

9.1.6. Mitral valve prolapse
Mitral valve prolapse (MVP) has a good prognosis 
during pregnancy [60]. MVP is not always associated 
with regurgitation and, in the absence of other cardiac 
disorders, patients may expect a normal pregnancy. 
However, MVP may be associated with progressive mitral 
regurgitation, arrhythmias, infective endocarditis, and 
transient ischemic attacks. Surgical interventions may be 
necessary and beta-blockers may be used but should be 
used carefully during pregnancy.
9.2. mWHO class II cardiac disease
This class includes cardiac disease carrying a slight increased 
risk of maternal mortality or moderately increased risk of 
morbidity with cardiac event risk ranging between 6% and 
10% [1,23] (Table 2). Other specific conditions in this class 
were described in the previous section. 
9.2.1. Tetralogy of Fallot
TOF is the most prevalent form of cyanotic CHD, 
representing up to 10% of congenital heart conditions 
[39,61], and is commonly encountered in pregnant women. 
This condition is characterized by four structural defects: 
right ventricular hypertrophy, VSD, pulmonary stenosis, 
and overriding aorta. The risk of congenital anomalies 
in offspring is significantly increased, particularly with 
22q11.2 deletions.

TOF often requires prior surgical correction, but 
residual defects and associated pulmonary regurgitation 
or right ventricular dysfunction can pose risks even in 
corrected cases. A review highlighted that women with 
TOF and transposition of great arteries have maternal 
mortality rates ranging from 3% to 10% in severe 
cases [62]. When TOF has been surgically corrected, 
the outcome of pregnancy is generally good, although 
patients may experience increased morbidity due to 
pulmonary valve insufficiency, leading to right ventricular 
dysfunction. Complications can occur, particularly in 
patients with severe pulmonary regurgitation [63]. The 
primary forms of arrhythmias include premature beats 
and supraventricular arrhythmias, which can be managed 
with beta-blockers. In rare instances, direct current 
cardioversion can be used without significant risk to the 
mother or fetus [39]. For atrial fibrillation, low molecular 
weight heparin (LMWH) should be initiated until birth. 
In rare cases of HF in repaired defects, diuretics and 
hydralazine can be administered and delivery can be 
expedited.

The majority of pregnancies in women with repaired 
TOF are successful; however, careful monitoring is 
necessary, particularly in the late postpartum period 
[64]. Vaginal delivery is preferred due to its minimal 
hemodynamic impact and passive descent of the fetal 
head is recommended. Regional anesthesia is also 
advised [39].
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In contrast, pregnancy is not recommended for patients 
with unrepaired TOF. During pregnancy, the decrease in 
SVR exacerbates right-to-left shunting, leading to severe 
hypoxemia, especially during exertion and can be life-
threatening. These patients are also at an increased risk of 
HF as the pregnancy progresses.
9.2.2. Supraventricular arrhythmias
Pregnancy produces a proarrhythmogenic state, and 
arrhythmias are the most common cardiac disturbances 
during this period, affecting women both with and without 
structural heart disease. The physiological changes 
during pregnancy, such as increased HR and cardiac 
output, predispose women to arrhythmias, including 
supraventricular tachycardia (SVT), atrial fibrillation 
(AF), and, less commonly, ventricular tachycardia (VT). 
Factors contributing to this predisposition include 
increased HR, myocardial stretch due to increased plasma 
volume, and increased catecholamine sensitivity. Stretch-
mediated ion channel activation triggers membrane 
depolarization, further contributing to arrhythmias [2]. 
Risk factors include pregestational heart disease.

Medication for arrhythmias during pregnancy 
includes beta-blockers, calcium channel blockers, and, in 
refractory cases, antiarrhythmic drugs like amiodarone. 
Catheter ablation may be used for drug-refractory 
arrhythmias that affect hemodynamic stability, with 
fluoroscopy avoided to minimize radiation exposure 
[65]. Delivery can potentially ameliorate arrhythmias.

Supraventricular arrhythmias, particularly AF or 
atrial flutter, are the most commonly encountered 
arrhythmias in pregnant women. Underlying heart 
disease should be investigated in cases of AF, as it is rare 
in women of reproductive age without structural heart 
disease. Common risk factors include preexisting AF 
and mitral valvular disease, particularly mitral stenosis. 
Hyperthyroidism and electrolyte imbalances can also 
trigger AF. Symptoms include palpitations, dizziness, 
and syncope. AF increases the risk of thromboembolic 
events, including stroke, and can exacerbate HF 
symptoms [65].

Management of AF typically includes rate control 
with beta-blockers or digoxin and anticoagulation 
to reduce stroke risk. Rhythm control with 
antiarrhythmic drugs may be necessary in some cases 
[66]. In hemodynamically stable patients, electric 
or pharmacological cardioversion can be attempted, 
though the potential effects of antiarrhythmic drugs 
on the fetus must be considered. These drugs cross the 
placenta and should be avoided, particularly in the first 
trimester. Beta-blockers, calcium channel blockers, and 
cardiac glycosides are the initial treatments of choice. 
For hemodynamically unstable patients, direct current 
electrical cardioversion should be performed.

As in nonpregnant adults, pregnant women with AF 
lasting longer than 48 h or of unknown duration should 
receive anticoagulation for 4 weeks before and after 
cardioversion [67]. Prophylactic LMWH is preferred 
but should be withheld before delivery or anesthesia. 
Warfarin is generally avoided in the first trimester and 
later third trimester due to increased bleeding risk. The 
route of delivery should be based on obstetric indications.
9.3. mWHO class II to III cardiac disease
Depending on individual risk factors, the conditions in 
this class can carry class II or III risk with maternal cardiac 
event risk ranging between 10% and 19% [1,23] (Table 2). 
Other specific conditions in this class were described in 
the previous sections.
9.3.1. Left ventricular dysfunction with ejection fraction 
over 45%
Research indicates that pregnant women with mild left 
ventricular dysfunction (EF > 45%) generally tolerate 
pregnancy well, although there is an increased risk of HF 
and arrhythmias [30]. Despite these risks, maintaining 
a relatively high EF fraction typically suggests a 
better prognosis compared to those with more severe 
impairment [68]. Echocardiographic monitoring during 
pregnancy is essential to evaluate any decline in cardiac 
function, especially during the third trimester and the 
postpartum period when hemodynamic changes are 
most pronounced. The route of delivery should be based 
on obstetric indications.
9.3.2. Hypertrophic cardiomyopathy 
Hypertrophic cardiomyopathy (HCM) is the leading 
genetic heart disease. Preexisting HCM increases 
the risk of sudden cardiac death, arrhythmias, and 
HF. Decreases in SVR can negatively impact the left 
ventricular outflow tract (LVOT) gradient. Changes in 
contractility, HR, and vascular volume can significantly 
affect patients with HCM, especially those with left 
ventricular obstruction. HF may be triggered by the 
relatively short diastolic filling time due to increased 
contractility and HR.

Although maternal and fetal outcomes in 
pregnancies with HCM are generally favorable, there is 
a notable rate of maternal HF (15%) and arrhythmias 
(11.7%). Maternal mortality remains low (0%–2%), but 
prematurity occurs in 26% of pregnancies with HCM 
[69].

Symptomatic pregnancies can be managed with beta-
blockers or calcium channel blockers. During labor and 
delivery, diastolic blood pressure should be maintained 
above 70 mmHg. Vaginal delivery is preferred. It is 
important to avoid hypovolemia, decreases in SVR, and 
medications that increase ventricular contractility, as 
these can exacerbate LVOT obstruction.
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9.3.3. Native or bioprosthetic valvular heart disease
Native valvular heart disease remains an important cause 
of morbidity and mortality, arising from congenital or 
acquired disease. Rheumatic valvular heart disease is the 
leading cause of mortality among children and young 
adults, particularly women, in low- and middle-income 
regions. It is also the most common cause of heart disease 
during pregnancy in these areas [70]. For patients with 
valvular heart disease, vaginal delivery with regional 
anesthesia is generally preferred, with circumvention of 
the Valsalva maneuver. However, caesarean delivery may 
be recommended in advanced aortic stenosis.
9.3.4. Rheumatic heart disease
RHD remains a significant concern during pregnancy, 
especially in low-income countries where the prevalence 
of rheumatic fever is higher. This condition results from 
chronic damage to the heart valves due to repeated 
episodes of acute rheumatic fever, an inflammatory 
disease caused by group A streptococcal infections. 
Common manifestations include mitral stenosis, mitral 
regurgitation, and aortic valve involvement, which can 
lead to HF, AF, and thromboembolic events [70].
9.3.5. Mitral stenosis
Mitral stenosis (MS), a reduction in the mitral valve 
opening, is commonly caused by RHD. This condition 
poses significant risks during pregnancy due to the 
increased hemodynamic burden. Pregnant women 
with MS often experience symptoms such as dyspnea, 
fatigue, and palpitations, which can be exacerbated with 
advancing gestation. The prognosis for pregnant women 
with MS varies according to the degree of the stenosis and 
the presence of comorbid conditions. Severe MS can lead 
to consequences such as PAH, HF, and AF. Management 
of MS during pregnancy typically involves careful 
monitoring and use of beta-blockers and diuretics to 
manage symptoms. In severe cases, percutaneous balloon 
mitral valvuloplasty may be considered to relieve MS, 
preferably during the second trimester to minimize fetal 
risks [70,71]. A study reported that 25% of patients with 
severe MS required percutaneous mitral valvuloplasty 
during pregnancy [70,71]. Regular echocardiographic 
assessments are necessary to monitor valve function. 
Postpartum, these patients should continue to be closely 
monitored for complications such as HF and recurrent AF.
9.3.6. Mitral regurgitation
Mitral regurgitation (MR) involves the backflow of blood from 
the left ventricle into the left atrium due to a dysfunctional 
mitral valve, leading to volume overload, pulmonary 
congestion, and HF, especially during pregnancy. A study 
found that 56.6% of pregnant women with valvular heart 
disease had MR, with many requiring medical management 
to control symptoms and prevent complications [72].

Symptoms of MR may include dyspnea, fatigue, and 
palpitations. The prognosis for pregnant women with MR 
depends on the degree of regurgitation and the presence of 
other cardiac conditions. Management typically includes beta-
blockers to reduce HR and improve symptoms and diuretics 
to manage pulmonary congestion. In severe cases, surgical 
intervention may be necessary either during pregnancy or 
postpartum [72]. Echocardiographic evaluations are essential.
9.3.7. Aortic valve involvement
Aortic stenosis (AS) and aortic regurgitation (AR) can 
complicate pregnancy due to the increased cardiac workload. 
Pregnant women with AS may experience symptoms like 
dyspnea, chest pain, and syncope, whereas those with 
AR may present with dyspnea and fatigue. The prognosis 
for these patients depends on the severity of the valve 
disease and the presence of left ventricular dysfunction. 
Management strategies include close monitoring, beta-
blockers, and diuretics. In severe cases, valve replacement 
surgery may be considered, although it carries significant 
risks during pregnancy [73]. Follow-up care involves regular 
echocardiographic monitoring of valve left ventricular 
performance [73].
9.3.8. Thromboembolic events
Thromboembolic events pose a significant risk in pregnant 
women with heart disease and particularly in those with 
RHD, especially those with AF or severe MS. These events 
can include DVT, pulmonary embolism PE, and stroke. 
Management typically involves anticoagulation therapy to 
prevent thrombus formation and manage existing thrombi 
[74]. The predictive scoring system developed by Baghel et al. 
can help identify high-risk patients and guide management 
during pregnancy [74].
9.3.9. Ebstein’s anomaly
EA is a rare CHD characterized by structural abnormality 
of the tricuspid valve and right ventricle, leading to different 
degrees of tricuspid valve regurgitation and right atrial 
enlargement. The prognosis for pregnant women with EA 
depends on the severity of tricuspid valve dysfunction and 
associated complications such as cyanosis and arrhythmias. 
Symptoms can be mild or may be associated with hypoxemia 
and HF. According to a study, 9.9% of pregnant women with 
EA experienced major adverse cardiac events, including HF 
and arrhythmias [75].

Complications during pregnancy for women with EA can 
be severe, including preterm delivery, fetal growth restriction, 
and neonatal CHD. Regular echocardiographic monitoring 
is essential to evaluate tricuspid valve function and right 
ventricular size and function. Pharmacological management 
may involve beta-blockers to control HR and prevent 
arrhythmias. In some cases, surgical interventions such as 
tricuspid valve repair or replacement may be necessary before 
or during pregnancy [76].
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9.3.10. Prosthetic heart valves
Managing pregnancy in women with prosthetic 
heart valves presents significant challenges due to the 
thrombogenic state of pregnancy and the need for effective 
anticoagulation. Prosthetic heart valves can be classified as 
mechanical and bioprosthetic valves, each with distinct 
implications in pregnant women. Anticoagulation 
throughout life is necessary in the case of mechanical 
valves and it poses risks of bleeding and teratogenicity. 
Conversely, bioprosthetic valves, while eliminating the 
need for lifelong anticoagulation, have a limited lifespan 
and can deteriorate faster during pregnancy due to 
hemodynamic stress [77]. The prognosis for pregnant 
women with prosthetic heart valves largely depends on 
the type of valve, adequacy of anticoagulation, and the 
presence of any complications such as valve thrombosis or 
HF [78].
9.3.11. Aortic coarctation   
Coarctation of the aorta (CoA) is a congenital heart defect 
that involves reduction in the aortic lumen. Prognosis 
depends mainly on whether it is corrected and the degree 
of CoA and associated hypertension. Patients with repaired 
CoA may anticipate normal pregnancies but with relatively 
increased risk of miscarriage and preeclampsia [79,80]. 
On the other hand, unrepaired, residual, or recoarctation 
during pregnancy can be associated with severe 
complications. Symptoms of CoA in pregnant women may 
include hypertension, headaches, and leg fatigue due to 
decreased blood flow to the lower extremities. Severe cases 
can present with HF, aortic dissection, or rupture [79].  

A study reported that 20% of women with CoA 
developed preeclampsia and 7% experienced pregnancy-
induced hypertension [80]. Furthermore, adverse 
cardiovascular incidents such as HF and arrhythmias can 
occur, with a reported incidence of 4.3% in a prospective 
registry study of women with repaired and unrepaired 
CoA [2]. 

Management of CoA typically includes preconception 
counseling, rigorous blood pressure control, and regular 
cardiovascular monitoring using echocardiography and 
MRI to assess the aorta. In some cases, percutaneous 
interventions such as balloon angioplasty or stenting 
may be necessary to alleviate the aortic narrowing and 
improve hemodynamics [81]. Postpartum follow-up 
for continued surveillance for recoarctation, aneurysm 
formation, and other long-term complications is critical. 
For both repaired and unrepaired CoA, vaginal delivery 
with regional anesthesia is preferred. 
9.3.12. Marfan syndrome 
Marfan syndrome (MFS) is a connective tissue disease 
that poses significant risks during pregnancy due to its 
association with aortic dilatation and the potential for life-
threatening aortic dissection. Common symptoms include 

fatigue, palpitations, and chest pain, which may indicate 
underlying aortic issues. Complications in pregnant 
women with MFS are often severe, including aortic 
dissection, HF, and preterm delivery. A comprehensive 
review demonstrated that women with undiagnosed MFS 
experienced higher rates of complications associated with 
pregnancy, such as preeclampsia, fetal deaths, and aortic 
disease [82]. A study found that pregnancy-related aortic 
dissections occurred primarily in women who did not 
have previous knowledge of their condition, underscoring 
the importance of early detection [83]. 

The prognosis for pregnant women with MFS varies 
depending on the degree of aortic involvement and the 
presence of other cardiovascular complications. The risk 
of aortic dissection increases significantly in the third 
trimester and postpartum period, with an aortic event rate 
between 3% and 8% during pregnancy [84].

Management strategies for MFS during pregnancy 
emphasize preconception counseling, rigorous 
cardiovascular monitoring, and the use of beta-blockers 
to mitigate the risk of aortic complications. Surgical 
interventions, such as prophylactic aortic repair, may be 
indicated for women with significant aortic enlargement 
before conception [85].

Regular imaging studies, such as echocardiograms and 
MRI, are essential for monitoring aortic size and assessing 
the risk of dissection. Postpartum follow-up is equally 
important to monitor for late complications.

Aortic dissection is a rare but potentially fatal event 
that can occur during pregnancy. The increased blood 
volume and cardiac output associated with pregnancy can 
exacerbate stress on the aortic wall, leading to dissection. 
In patients with MFS, an aortic root diameter above 40–50 
mm and/or a rapid rise in the size of the aortic root of ≥3 
mm per year is associated with a higher risk of type A 
aortic dissection and other cardiovascular complications 
[86]. Symptoms typically include sudden, severe chest or 
back pain, and prompt diagnosis through imaging studies 
like echocardiography or CT angiography is critical for 
timely intervention [48]. A case report highlighted the 
successful management of acute aortic dissection in a 
pregnant woman with MFS, emphasizing the need for 
coordinated care and timely surgical intervention [87]. 
Management also involves blood pressure control with 
beta-blockers and, in severe cases, surgical intervention. 

Bicuspid aortic valve (BAV) is a relatively common 
CHD, affecting up to 2% of the population [88]. Symptoms 
such as dyspnea, chest pain, and fatigue can be exacerbated 
during pregnancy. The prognosis for pregnant women 
with BAV is largely dependent on the degree of aortic valve 
dysfunction and any associated aortic dilation. Severe 
complications, including aortic dissection and HF, can 
occur, especially in women with significant aortic dilation 
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or associated congenital defects like CoA. A study on the 
outcomes of pregnant women with BAV found that while 
most experienced no severe complications, those with 
an aortic diameter over 45 mm were at increased risk of 
adverse events [89].

Regular echocardiographic monitoring is essential 
to assess aortic dimensions and valve function. Beta-
blockers may be indicated to control blood pressure and 
reduce the risk of aortic complications. In cases of severe 
aortic stenosis or regurgitation, surgical interventions, 
including valve replacement, may be necessary either 
during pregnancy or postpartum. A retrospective study 
highlighted that timely surgical interventions in high-
risk patients significantly improved outcomes without 
maternal mortality [90]. 
9.4. mWHO class III cardiac disease
Disorders in this class pose significant maternal mortality 
or severe morbidity with risk of cardiac events as high as 
27% (Table 2) [1,23]. Other specific conditions in this class 
were described in the previous sections.
9.4.1. Left ventricular dysfunction (ejection fraction 
between 30% and 45%)
Women with an EF between 30% and 45% are at an 
elevated risk of arrhythmias and HF during pregnancy. 
Regular echocardiographic monitoring is crucial to track 
changes in cardiac function throughout pregnancy and 
the postpartum period. Despite these risks, with close 
monitoring and a multidisciplinary approach many women 
with moderate left ventricular dysfunction can have 
successful pregnancies. The management of these patients 
often involves optimizing HF therapy and addressing any 
comorbid conditions to minimize complications [30].
9.4.2. Cardiomyopathies
Cardiomyopathies encompass a diverse group of disorders 
that primarily affect the myocardium, leading to structural 
and functional impairments. Peripartum cardiomyopathy 
(PPCM) is the leading type of cardiomyopathy seen in 
pregnancy. Other types of cardiomyopathies that may 
affect pregnant women include hypertrophic and dilated 
cardiomyopathies. The causes often include genetic 
predispositions, previous viral infections, and, in the case 
of PPCM, factors related to pregnancy such as hormonal 
changes and inflammation [14].

Cardiomyopathies can be accompanied by HF and 
arrhythmias. For example, a study on women with dilated 
cardiomyopathy reported that 23% experienced peripartum 
cardiac events such as HF and ventricular arrhythmias 
during pregnancy [91]. Management of cardiomyopathies 
during pregnancy involves close monitoring with 
echocardiography, the use of HF medications adjusted 
for fetal safety, and, in severe cases, the consideration of 
mechanical support or transplantation. 

PPCM typically occurs in the last month of pregnancy 
or within 5 months postpartum. It is associated with 
left ventricular systolic dysfunction with no other 
identifiable cause of HF. The prevalence of PPCM is 
increased in certain populations, including African-
American women, those of advanced maternal age, and 
those with hypertension as well as multiple gestations 
[14].

Symptoms of PPCM often resemble those of normal 
pregnancy, including shortness of breath, fatigue, and 
edema, which can delay diagnosis and treatment. The 
prognosis of PPCM varies; some women fully recover 
cardiac function, while others may experience ongoing 
left ventricular dysfunction. A study found that the degree 
of left ventricular enlargement and systolic dysfunction 
at diagnosis are strong predictors of outcomes, including 
cardiac function recovery and mortality [92].

PPCM management includes HF treatments, adjusted 
to ensure fetal safety when necessary. This includes beta-
blockers, diuretics, and ACEIs or ARBs in the postpartum 
period. Bromocriptine has shown promise in improving 
outcomes by inhibiting prolactin release, which may 
play a role in the pathogenesis of PPCM. Women with 
PPCM considering future pregnancies should receive 
preconception counseling due to the substantial risk of 
relapse and potential for severe complications [93].
9.4.3. Systemic right ventricle
Pregnancy in women with a systemic right ventricle 
(sRV) following CHD corrections, such as the atrial 
switch performed for TGA and congenitally corrected 
TGA, poses significant risks but can be managed with 
favorable outcomes. Most women with an sRV tolerate 
pregnancy well, though they have an increased risk 
of HF and arrhythmias, which are the most common 
adverse events during pregnancy [94]. Predictors of 
adverse events include preexisting signs of HF and an 
sRV ejection fraction below 40% [94]. Despite these 
risks, studies have shown no significant deterioration in 
sRV function before or after pregnancy [94]. 
9.4.4. Fontan circulation 
Pregnancy in women with Fontan circulation, a 
palliative surgical approach for single-ventricle CHD, 
carries significant maternal and fetal risks. Women with 
Fontan circulation are at increased risk for arrhythmias 
and HF. Thromboembolic events are also a concern, 
necessitating careful management of anticoagulation 
therapy [95]. Hematological complications, such as 
thromboembolic and hemorrhagic events, are common 
[96]. Neonatal outcomes often include prematurity 
and growth restriction, with a high rate of small-for-
gestational-age newborns [91]. 
9.5. mWHO class IV cardiac disease



TÜRKMEN and AKAR İNAN / Turk J Med Sci

35

Conditions in this group pose a maximally elevated risk of 
maternal mortality and/or dire morbidity. Contraindication 
to pregnancy exists due to the 40%–100% risk in adverse 
events (Table 2) [1,23]. Other specific conditions in this 
class were described in the previous sections.
9.5.1. Systemic ventricular systolic dysfunction (ejection 
fraction < 30%)
HF is a major cause of morbidity and mortality in pregnancy, 
often due to PPCMP. However, patients with preexisting 
cardiomyopathies or ventricular dysfunction can 
experience worsening cardiac function during pregnancy. 
Prepregnancy risk assessment and cardiac evaluation are 
essential for patients wishing to conceive. High-risk factors 
for developing HF include preexisting HF, an EF less than 
30%–40%, cardiomyopathy, pulmonary hypertension, and 
cardiac disease classified as NYHA class >II or mWHO 
class IV. Pregnancy is generally not recommended for 
women with these risk factors. Due to the potential for 
cardiac deterioration, pregnancy termination may be 
offered. Additionally, pregnancy-related factors such as 
preeclampsia, chronic kidney disease, gestational diabetes, 
gestational or preexisting hypertension, postpartum 
hemorrhage, and placental disorders can contribute to the 
development of HF. Preeclampsia may trigger HF in up to 
30% of patients with prepregnancy structural heart disease 
[97]. HF is associated with an increased risk (up to eight 
times) of maternal mortality and a higher perinatal mortality 
rate (up to five times). The risks of prematurity, low birth 
weight, and small for gestational age are also elevated [97].

Medication adjustments for HF must be made 
preconceptionally for women wishing to conceive. 
Metoprolol and bisoprolol can be used during pregnancy, 
while ACE inhibitors, angiotensin receptor neprilysin 
inhibitors, and ARBs are teratogenic and must be avoided 
in all trimesters. Diuretics, digoxin, and anticoagulants, 
mainly in the form of vitamin K antagonists, LMWH, and 
unfractionated heparin, can be used during pregnancy. 
In advanced HF, cardiac implantable electronic devices 
may be necessary, although there is limited information 
about their use during pregnancy [98]. Vaginal delivery 
is preferred for most cases of HF in pregnancy. However, 
patients with hemodynamic instability and advanced HF 
may require cesarean delivery.
9.5.2. Pulmonary arterial hypertension
PAH carries the biggest risk of mortality and morbidity 
for both the mother and the fetus. It is characterized by 
pulmonary artery narrowing and consequent right HF. A 
measurement of pulmonary arterial pressure ≥20 mmHg 
at rest defines PAH. The decrease in SVR during pregnancy 
further enhances right-to-left shunting, resulting in 
hypoxemia. Pregnancy must be avoided in patients with 
idiopathic PAH and ES.

Symptoms of ES during pregnancy include severe 

cyanosis, hypoxemia, and right HF, which are exacerbated 
by pregnancy. The prognosis for pregnant women with 
PAH is extremely poor, with maternal mortality rates 
extending between 30% and 50%, and in some cases, as 
high as 65% with cesarean section delivery [99,100]. 
ES poses extremely high risks during pregnancy, with 
maternal mortality rates as high as 10.3% and significant 
cardiac event rates of 65.5% [36]. HF, cardiac rhythm 
disorders, thromboembolism, and sudden cardiac death 
can ensue. In a study of 366 pregnancies with all types of 
pulmonary hypertension, maternal morbidity including 
HF and pulmonary hypertensive crisis was 15% and 5%, 
respectively. Maternal mortality reached 5.5%. Idiopathic 
pulmonary hypertension carried the biggest risk of 
maternal mortality (4/12). The incidence of preterm 
delivery and neonatal low birth weight was 74.6% and 
78%, respectively. Fetal and neonatal mortality was 0.5% 
and 3.3%. The highest risk of mortality was seen between 
28 weeks gestation and 1 week postpartum [16]. 

A case series reported that 27% of women with 
ES experienced maternal mortality, highlighting the 
critical risks involved [101]. The same study also noted 
complications such as preeclampsia (50%), abruption 
(22%), and fetal growth retardation (62.5%). Increased 
risk of postpartum hemorrhage may be seen with ES. 

During labor, the Valsalva maneuver can raise SVR. 
Consequently, a decreased cardiac output can result in a 
significantly decreased cranial perfusion, which can be 
life threatening. A case report from a multidisciplinary 
team demonstrated the importance of this approach; 
a woman with ES was managed successfully through 
elective cesarean section at 36 weeks of gestation, 
resulting in a positive maternal and neonatal outcome 
[102]. Cesarean delivery is indicated in the majority 
of cases for cardiac reasons. Management of PH often 
involves preconception counseling and use of advanced 
PAH therapies such as phosphodiesterase-5 inhibitors. 
Endothelin receptor antagonists are strongly discouraged 
due to their teratogenicity. Diuretics, digoxin, vasodilators, 
and vasoactive drugs may be necessary in cases of cardiac 
failure [16]. Heparin may be initiated at 20 weeks due to 
the increased risk of thromboembolism. 

10. Management strategies
Effective emergency management protocols for 
cardiovascular complications during pregnancy prioritize 
rapid intervention while balancing maternal and fetal 
safety. In hypertensive crises, intravenous labetalol or 
hydralazine is commonly used to reduce blood pressure 
swiftly, minimizing the risk of maternal organ damage 
without significant fetal compromise [48]. For acute 
heart failure exacerbations, diuretics and, if needed, 
inotropic support are recommended to stabilize maternal 
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hemodynamics, often necessitating ICU-level care [103]. 
For life-threatening arrhythmias, cardioselective beta-
blockers are the popular choice, and, if no response is seen, 
cardioversion can be performed safely during pregnancy 
with minimal fetal risk [104].

11. Obstetric management: labor and delivery 
The timing of delivery in pregnant women with heart 
diseases is a critical aspect of obstetric management 
that requires careful consideration. Delivery is generally 
recommended at 37–39 weeks of gestation to balance the 
risks of prematurity with those associated with prolonged 
pregnancy. However, in cases of severe maternal cardiac 
compromise or fetal distress, earlier delivery may be 
necessary. Continuous fetal monitoring is essential to 
assess fetal well-being, especially during labor, as fetal HR 
abnormalities can indicate compromised uteroplacental 
perfusion. Noninvasive monitoring techniques, such as 
cardiotocography, are routinely used, and internal fetal 
monitoring may be considered in high-risk cases [105]. 
Maternal hemodynamic monitoring is equally crucial 
to detect early signs of cardiovascular decompensation. 
Advanced hemodynamic monitoring tools, such as 
noninvasive photoplethysmography devices, can provide 
real-time data on cardiac output, stroke volume, and SVR, 
enabling prompt intervention if necessary [106]. Oxygen 
can be given, especially in cyanotic patients, but its benefits 
are unproven.

The mode of delivery is determined by the maternal 
cardiac condition and obstetric indications. Vaginal 
delivery is generally preferred to minimize surgical risks 
and hemodynamic shifts. Passive fetal descent with uterine 
contractions and without bearing down of the mother can 
pose less cardiovascular risk as these maneuvers may result 
in reduced venous return and a subsequent decrease in 
cardiac output. However, cesarean delivery may be indicated 
in cases of severe cardiac decompensation, fetal distress, or 
obstetric complications [107]. Cervical ripening is preferably 
achieved with mechanical dilators as they cause the least 
cardiovascular interference. Alternatively, prostaglandin E1 
can be used. Oxytocin and artificial rupture of membranes 
can induce labor. However, oxytocin can lead to hypotension 
and cardiovascular decompensation in high-risk patients. It 
should be administered as a slow and dilute infusion rather 
than in bolus form. The dose should not exceed 5 U if a 
bolus is necessary [2].

Preterm labor in these patients must be approached 
with caution. Betamimetics, commonly used to delay labor, 
can cause tachycardia and increased myocardial oxygen 
consumption, which may exacerbate heart conditions [108]. 
Similarly, calcium channel blockers can lead to hypotension 
and negatively impact cardiac output. Thus, the choice of 
tocolytics should be individualized. Nifedipine is usually 

preferred. Nonpharmacological strategies, such as bed rest 
and hydration, can also be beneficial in managing preterm 
labor in women with heart disease [1]. 

12. Anesthesia
The choice of analgesia and anesthesia is crucial in 
managing labor and delivery in women with heart diseases. 
Neuraxial anesthesia, such as epidural or spinal anesthesia, 
is generally preferred as it provides effective pain relief and 
reduces sympathetic stress responses. Neuraxial anesthesia 
was shown to be effective in managing labor pain without 
significantly impacting maternal hemodynamics. However, 
vigilance regarding hypotension is necessary. In certain 
cases, general anesthesia may be necessary, but it carries 
higher risks of hemodynamic instability and should be 
administered with caution [109]. 

13. Pregnancy termination
In women with significant heart disease, pregnancy 
termination might be necessary due to the high risk of 
maternal and fetal compromise. The decision to end a 
pregnancy should involve the patient and a multidisciplinary 
team to ensure the best outcomes. Termination methods 
vary depending on the gestational age. In the first trimester, 
vacuum aspiration or medical abortion with medications 
like mifepristone and misoprostol is commonly used. For 
second-trimester terminations, options include dilation 
and evacuation or labor induction with agents such as 
prostaglandins, especially PGE1, which have no significant 
adverse cardiovascular effects. Mifepristone may also 
be used. It is crucial to provide effective analgesia and 
to monitor maternal hemodynamics closely during the 
procedure to prevent cardiovascular decompensation [109]. 

14. Prophylactic antibiotics
Currently, there are no recommendations for antibiotic 
prophylaxis during labor and delivery, even for women with 
high-risk heart disease. However, antibiotics administered 
prior to cesarean delivery to prevent endometritis also 
provide coverage against endocarditis. Although the risk of 
bacteremia from vaginal delivery is low, antibiotics should 
be considered 30–60 min before delivery for heart disease 
patients, especially those with prosthetic valves or cyanotic 
heart disease [1,2].

15. Preconception counseling section: fertility planning 
and contraception
For women with high cardiovascular risk, nonestrogen-based 
contraceptives are generally preferred to avoid potential 
complications. Progestin-only methods, such as progestin 
implants or intrauterine devices, are effective and safer options, 
as they do not carry the same risk of thrombosis associated 
with estrogen-containing contraceptives [14]. Long-acting 
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reversible contraceptives are also recommended for their 
reliability and minimal cardiovascular impact, particularly 
beneficial for women at risk of venous thromboembolism or 
with hypertension [110].

16. Conclusion
This review has underscored the critical aspects of 
cardiovascular adaptations during pregnancy, highlighting 
how heart disease impacts both maternal and fetal health 
and emphasizing the importance of distinguishing normal 
physiological changes from pathological conditions. 
Effective preconception counseling, risk assessment, and 

careful obstetric management are essential to ensure 
favorable outcomes. Clinically, a multidisciplinary approach 
tailored to individual risk factors is vital for managing 
cardiac conditions during pregnancy. Future research 
should aim to close current knowledge gaps by developing 
more precise risk prediction models and leveraging 
emerging technologies to optimize care and outcomes in 
pregnant women with heart disease.

Conflict of interest
The authors report no conflicts of interest.

References

1.	 Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs 
J, Blomström Lundqvist C, Cifkova R et al. 2018 ESC 
Guidelines for the management of cardiovascular diseases 
during pregnancy. European Heart Journal 2018; 39(34): 
3165-3241. https://doi.org/10.1093/eurheartj/ehy340

2.	 Ramlakhan KP, Johnson MR, Roos-Hesselink JW. 
Pregnancy and cardiovascular disease. Nature Reviews 
Cardiology 2020; 17(11): 718-731. https://doi.org/10.1038/
s41569-020-0390-z

3.	 Majmundar M, Doshi R, Patel KN, Zala H, Kumar A et al. 
Prevalence, trends, and outcomes of cardiovascular diseases 
in pregnant patients in the USA: 2010-19. European Heart 
Journal 2023; 44(9): 726-737. https://doi.org/10.1093/
eurheartj/ehac669

4.	 Duley L. The global impact of pre-eclampsia and eclampsia. 
Seminars in Perinatology 2009; 33(3): 130-137. https://doi.
org/10.1053/j.semperi.2009.02.010

5.	 Sliwa K, Böhm M. Incidence and prevalence of pregnancy-
related heart disease. Cardiovascular Research 2014; 
101(4): 554-560. https://doi.org/10.1093/cvr/cvu012

6.	 Hayes SN, Kim ESH, Saw J, Adlam D, Arslanian-Engoren C 
et al. Spontaneous coronary artery dissection: current state 
of the science: a scientific statement from the American 
Heart Association. Circulation 2018; 137(19): 523-557. 
https://doi.org/10.1161/CIR.0000000000000564

7.	 Zhao H, Zhang J, Zhang HF, Yang D, Li YN. Clinical 
analysis of pregnancy with cardiovascular diseases 
for a decade of Beijing Anzhen Hospital. Zhonghua 
Fu Chan Ke Za Zhi 2021; 56(8): 528-536 (in Chinese 
with an abstract in English). https://doi.org/10.3760/
cma.j.cn112141-20210327-00156

8.	 Prasad D, Prasad RV, Choudhary MK, Kumari K. Cardiovascular 
disease in pregnancy and its outcome: a prospective study. Journal 
of Family Medicine and Primary Care 2023; 12(11): 2714-2720. 
https://doi.org/10.4103/jfmpc.jfmpc_507_23

9.	 Roos-Hesselink J, Baris L, Johnson M, De Backer J, Thorne S et 
al. Pregnancy outcomes in women with cardiovascular disease: 
evolving trends over 10 years in the ESC Registry of Pregnancy and 
Cardiac disease (ROPAC). European Heart Journal 2019; 40(47): 
3848-3855. https://doi.org/10.1093/eurheartj/ehz136

10.	 Soma-Pillay P, Nelson-Piercy C, Tolppanen H, Mebazaa A. 
Physiological changes in pregnancy. Cardiovascular Journal of Africa 
2016; 27(2): 89-94. https://doi.org/10.5830%2FCVJA-2016-021

11.	 Yarlagadda RD, Johnson J, Vårtun Å, Flo K, Acharya G. Maternal 
plasma pro-atrial and C-type natriuretic peptide levels and their 
associations with cardiovascular and renal function in the second 
half of normal pregnancy: a longitudinal study. BMC Pregnancy 
and Childbirth 2021; 21(1): 1-20. https://doi.org/10.1186/s12884-
021-03824-3

12.	 Green LJ, Mackillop LH, Salvi D, Pullon R, Loerup L et al. 
Gestation-specific vital sign reference ranges in pregnancy. 
Obstetrics and Gynecology 2020; 135(3): 653-664. https://doi.
org/10.1097/AOG.0000000000003721

13.	 Carbillon L, Uzan M, Uzan S. Pregnancy, vascular tone, and 
maternal hemodynamics: a crucial adaptation. Obstetrical 
and Gynecological Survey 2000; 55(9): 574-581. https://doi.
org/10.1097/00006254-200009000-00023

14.	 Lindley KJ, Bairey Merz CN, Asgar AW, Bello NA, Chandra 
S et al. Management of women with congenital or inherited 
cardiovascular disease from pre-conception through 
pregnancy and postpartum: JACC focus seminar 2/5. Journal 
of the American College of Cardiology 2021; 77(14): 1778-
1798. https://doi.org/10.1016/j.jacc.2021.02.026

https://doi.org/10.1093/eurheartj/ehy340
https://doi.org/10.1038/s41569-020-0390-z
https://doi.org/10.1038/s41569-020-0390-z
https://doi.org/10.1093/eurheartj/ehac669
https://doi.org/10.1093/eurheartj/ehac669
https://doi.org/10.1053/j.semperi.2009.02.010
https://doi.org/10.1053/j.semperi.2009.02.010
https://doi.org/10.1093/cvr/cvu012
https://doi.org/10.1161/CIR.0000000000000564
https://doi.org/10.3760/cma.j.cn112141-20210327-00156
https://doi.org/10.3760/cma.j.cn112141-20210327-00156
https://doi.org/10.4103/jfmpc.jfmpc_507_23
https://doi.org/10.1093/eurheartj/ehz136
https://doi.org/10.5830%2FCVJA-2016-021
https://doi.org/10.1186/s12884-021-03824-3
https://doi.org/10.1186/s12884-021-03824-3
https://doi.org/10.1097/AOG.0000000000003721
https://doi.org/10.1097/AOG.0000000000003721
https://doi.org/10.1097/00006254-200009000-00023
https://doi.org/10.1097/00006254-200009000-00023
https://doi.org/10.1016/j.jacc.2021.02.026


TÜRKMEN and AKAR İNAN / Turk J Med Sci

38

15.	 Hettiarachchi A, Jayaratne K, De Silva C, Senanayake H, 
Lokunarangoda N. Heart disease complicating pregnancy as a 
leading cause of maternal deaths in LMIC settings: the Sri Lankan 
experience. The Lancet Regional Health - Southeast Asia 2023; 15 
(1):  100223. https://doi.org/10.1016/j.lansea.2023.100223

16.	 Liu Y, Li H, Li Y, Zhang Y, Yang K et al. Outcomes of pregnancy 
in women with different types of pulmonary hypertension. 
BMC Cardiovascular Disorders 2023; 23(1): 1-10. https://doi.
org/10.1186/s12872-023-03423-4

17.	 Sahu AK, Harsha MM, Rathoor S. Cardiovascular diseases 
in pregnancy - a brief overview. Current Cardiology 
Reviews 2022; 18(1): 77-88. https://doi.org/10.2174/157340
3X17666210825103653

18.	 Gill HK, Splitt M, Sharland GK, Simpson JM. Patterns of recurrence 
of congenital heart disease: an analysis of 6,640 consecutive 
pregnancies evaluated by detailed fetal echocardiography. Journal 
of the American College of Cardiology 2003; 42(5): 923-929. 
https://doi.org/10.1016/s0735-1097(03)00853-2

19.	 Kampman MA, Balci A, van Veldhuisen DJ, Roos-Hesselink JW, 
Sollie-Szarynska KM et al. N-terminal pro-B-type natriuretic 
peptide predicts cardiovascular complications in pregnant 
women with congenital heart disease. European Heart Journal 
2014; 35(11): 708-715. https://doi.org/10.1093/eurheartj/eht526

20.	 Sanghavi M, Rutherford JD. Cardiovascular physiology of 
pregnancy. Circulation 2014;130(12):1003-1008. https://doi.
org/10.1161/CIRCULATIONAHA.114.009029

21.	 Sunitha M, Chandrasekharappa S., Brid SV. Electrocardiographic 
Qrs axis, Q wave and T-wave changes in 2nd and 3rd trimester 
of normal pregnancy. Journal of Clinical and Diagnostic 
Research 2014; 8(9): 17-21. https://doi.org/10.7860/
JCDR/2014/10037.4911

22.	 Afari HA, Davis EF, Sarma AA. Echocardiography for the 
pregnant heart. Current Treatment Options in Cardiovascular 
Medicine 2021; 23(55): 1-19. https://doi.org/10.1007/s11936-021-
00930-5

23.	 Thorne S, Nelson-Piercy C, MacGregor A, Gibbs S, Crowhurst 
J et al. Pregnancy and contraception in heart disease and 
pulmonary arterial hypertension. Journal of Family Planning 
and Reproductive Health Care 2006; 32(2): 75-81. https://doi.
org/10.1783/147118906776276486

24.	 Thorne SA. Pregnancy in heart disease. Heart 2004; 90(4): 450-
456. https://doi.org/10.1136/hrt.2003.027888

25.	 Thorne S, MacGregor A, Nelson-Piercy C. Risks of contraception 
and pregnancy in heart disease. Heart 2006; 92(10): 1520-1525. 
https://doi.org/10.1136/hrt.2006.095240

26.	 Siu SC, Sermer M, Harrison DA, Grigoriadis E, Liu G et al. Risk 
and predictors for pregnancy-related complications in women 
with heart disease. Circulation 1997; 96(9): 2789-2794. https://
doi.org/10.1161/01.cir.96.9.2789

27.	 Drenthen W, Boersma E, Balci A, Moons P, Roos-Hesselink JW 
et al. Predictors of pregnancy complications in women with 
congenital heart disease. European Heart Journal 2010; 31(17): 
2124-2132. https://doi.org/10.1093/eurheartj/ehq200

28.	 Siu SC, Lee DS, Rashid M, Fang J, Austin PC et al. Long-term 
cardiovascular outcomes after pregnancy in women with heart 
disease. Journal of the American Heart Association 2021; 
10(11): 1-47. https://doi.org/10.1161/JAHA.120.020584

29.	 The Criteria Committee of the New York Heart Association. 
Nomenclature and Criteria for Diagnosis of Diseases of the 
Heart and Great Vessels. 9th ed. Boston, MA, USA: Little, 
Brown and Co; 1994.

30.	 Balci A, Sollie-Szarynska KM, van der Bijl AG, Ruys TPE, 
Mulder BJM et al. Prospective validation and assessment of 
cardiovascular and offspring risk models for pregnant women 
with congenital heart disease. Heart 2014; 100(17): 1373-1381. 
https://doi.org/10.1136/heartjnl-2014-305597

31.	 Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS 
et al. 2018 AHA/ACC guideline for the management of adults 
with congenital heart disease: executive summary: a report 
of the American College of Cardiology/American Heart 
Association Task Force on clinical practice guidelines. Journal 
of the American College of Cardiology 2019; 73(12): 1494-
1563. https://doi.org/10.1016/j.jacc.2018.08.1028

32.	 Baumgartner H, De Backer J, Babu-Narayan SV, Budts W, 
Chessa M et al. 2020 ESC guidelines for the management of 
adult congenital heart disease. European Heart Journal 2021; 
42(6): 563-645. https://doi.org/10.1093/eurheartj/ehaa554

33.	 Bredy C, Deville F, Huguet H, Picot MC, De La Villeon G et 
al. Which risk score best predicts cardiovascular outcome in 
pregnant women with congenital heart disease? European 
Heart Journal – Quality of Care & Clinical Outcomes 2023; 
9(2):177-183. https://doi.org/10.1093/ehjqcco/qcac019 

34.	 Denayer N, Troost E, Santens B, De Meester P, Roggen L et 
al. Comparison of risk stratification models for pregnancy 
in congenital heart disease. International Journal of 
Cardiology 2021; 323: 54-60. https://doi.org/10.1016/j.
ijcard.2020.09.033 

35.	 Silversides CK, Grewal J, Mason J, Sermer M, Kiess M et 
al. Pregnancy outcomes in women with heart disease: The 
CARPREG II study. Journal of the American College of 
Cardiology 2018; 71(21): 2419-2430. https://doi.org/10.1016/j.
jacc.2018.02.076

36.	 Sliwa K, Baris L, Sinning C, Zengin-Sahm E, Gumbiene L et 
al. Pregnant women with uncorrected congenital heart disease: 
heart failure and mortality. JACC: Heart Failure 2020; 8(2): 
100-110. https://doi.org/10.1016/j.jchf.2019.09.001

37.	 Wang T, Lowe B, Hlohovsky S, O’Donnell C. Performance 
of risk models predicting cardiac complications in pregnant 
women with congenital heart disease: a meta‐analysis. 
Internal Medicine Journal 2020; 50(4): 481-484. https://doi.
org/10.1111/imj.14810

38.	 Wander G, van der Zande JA, Patel RR, Johnson MR, Roos-
Hesselink JW. Pregnancy in women with congenital heart 
disease: a focus on management and preventing the risk of 
complications. Expert Review of Cardiovascular Therapy 2023; 
21(8): 587-599. https://doi.org/10.1080/14779072.2023.223788
6

https://doi.org/10.1016/j.lansea.2023.100223
https://doi.org/10.1186/s12872-023-03423-4
https://doi.org/10.1186/s12872-023-03423-4
https://doi.org/10.2174/1573403X17666210825103653
https://doi.org/10.2174/1573403X17666210825103653
https://doi.org/10.1016/s0735-1097(03)00853-2
https://doi.org/10.1093/eurheartj/eht526
https://doi.org/10.1161/CIRCULATIONAHA.114.009029
https://doi.org/10.1161/CIRCULATIONAHA.114.009029
https://doi.org/10.7860/JCDR/2014/10037.4911
https://doi.org/10.7860/JCDR/2014/10037.4911
https://doi.org/10.1007/s11936-021-00930-5
https://doi.org/10.1007/s11936-021-00930-5
https://doi.org/10.1783/147118906776276486
https://doi.org/10.1783/147118906776276486
https://doi.org/10.1136/hrt.2003.027888
https://doi.org/10.1136/hrt.2006.095240
https://doi.org/10.1161/01.cir.96.9.2789
https://doi.org/10.1161/01.cir.96.9.2789
https://doi.org/10.1093/eurheartj/ehq200
https://doi.org/10.1161/JAHA.120.020584
https://doi.org/10.1136/heartjnl-2014-305597
https://doi.org/10.1016/j.jacc.2018.08.1028
https://doi.org/10.1093/eurheartj/ehaa554
https://doi.org/10.1016/j.jchf.2019.09.001
https://doi.org/10.1111/imj.14810
https://doi.org/10.1111/imj.14810
https://doi.org/10.1080/14779072.2023.2237886
https://doi.org/10.1080/14779072.2023.2237886


TÜRKMEN and AKAR İNAN / Turk J Med Sci

39

39.	 Garagiola ML, Thorne SA. Pregnancy considerations in 
tetralogy of Fallot. CJC Pediatric and Congenital Heart 
Disease 2023; 2(6): 301-313. https://doi.org/10.1016/j.
cjcpc.2023.09.008

40.	 Canobbio MM, Warnes CA, Aboulhosn J, Connolly HM, 
Khanna A et al. Management of pregnancy in patients with 
complex congenital heart disease: a scientific statement 
for healthcare professionals from the American Heart 
Association. Circulation 2017; 135(8): 50-87. https://doi.
org/10.1161/CIR.0000000000000458

41.	 Kumar T, Tandi R, Thalla A. Maternal and perinatal outcome 
in heart disease complicating pregnancy. International 
Journal of Reproduction, Contraception, Obstetrics 
and Gynecology 2021; 10(10): 3725-3731.  https://doi.
org/10.18203/2320-1770.ijrcog2021375542. Tesfa E, Nibret 
E, Gizaw ST, Zenebe Y, Mekonnen Z et al. Prevalence and 
determinants of hypertensive disorders of pregnancy in 
Ethiopia: a systematic review and meta-analysis. PLoS ONE 
2020; 15(9): e0239048. https://doi.org/10.1371/journal.
pone.0239048

43.	 Melchiorre K, Thilaganathan B, Giorgione V, Ridder A, 
Memmo A et al. Hypertensive disorders of pregnancy and 
future cardiovascular health. Frontiers in Cardiovascular 
Medicine 2020; 7(59): 1-17. https://doi.org/10.3389/
fcvm.2020.00059

44.	 Drenthen W, Pieper PG, Roos-Hesselink JW, van Lottum 
WA, Voors AA et al. Outcome of pregnancy in women with 
congenital heart disease: a literature review. Journal of the 
American College of Cardiology 2007; 49(24): 2303-2311. 
https://doi.org/10.1016/j.jacc.2007.03.027

45.	 Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ 
et al. Effectiveness-based guidelines for the prevention of 
cardiovascular disease in women—2011 update: a guideline 
from the American Heart Association. Journal of the 
American College of Cardiology 2011; 57(12): 1404-1423. 
https://doi.org/10.1016/j.jacc.2011.02.005

46.	 Garovic VD, Dechend R, Easterling T, Karumanchi SA, Baird 
SM et al. Hypertension in pregnancy: diagnosis, blood pressure 
goals, and pharmacotherapy: a scientific statement from the 
American Heart Association. Hypertension 2022; 79(2): 21-
41. https://doi.org/10.1161/HYP.0000000000000208

47.	 Kealey A. Coronary artery disease and myocardial infarction 
in pregnancy: a review of epidemiology, diagnosis, and 
medical and surgical management. Canadian Journal of 
Cardiology 2010; 26(6): e185-e189. https://doi.org/10.1016/
S0828-282X(10)70397-4

48.	 Egidy Assenza G, Dimopoulos K, Budts W, Donti A, Economy 
KE et al. Management of acute cardiovascular complications 
in pregnancy. European Heart Journal 2021; 42(41): 4224-
4240. https://doi.org/10.1093/eurheartj/ehab546

49.	 Hayes S, Tweet M, Adlam D, Kim E, Gulati R et al. Spontaneous 
coronary artery dissection: JACC state-of-the-art review. 
Journal of the American College of Cardiology 2020; 76(8): 
961-984. https://doi.org/10.1016/j.jacc.2020.05.084

50.	 Chen S, Merchant M, Mahrer KN, Ambrosy AP, Lundstrom RJ, 
Naderi S. Pregnancy-associated spontaneous coronary artery 
dissection: clinical characteristics, outcomes, and risk during 
subsequent pregnancy. Journal of Invasive Cardiology 2021; 
33(6): 457-466. https://dx.doi.org/10.25270/jic/20.00529

51.	 Espinola-Zavaleta NE, Antonio-Villa NE, Guerra ECG, 
Alexanderson-Rosas EA, Bracamontes-Castelo GBC et 
al. Diameter and shunt act as an alleviator of pulmonary 
hypertension: an echocardiography assessment of patients 
with ostium secundum atrial septal defect. European Heart 
Journal 2021; 42(1): 143-144. https://doi.org/10.1093/
eurheartj/ehab724.0143

52.	 Perloff JK, Child JS. Congenital Heart Disease in Adults. 2nd 
ed. Philadelphia, PA, USA: WB Saunders; 1998.

53.	 Hardman G, Zacharias J. Minimal-access atrial septal defect 
(ASD) closure. Journal of Cardiovascular Development 
and Disease 2023; 10(5): 206. https://doi.org/10.3390/
jcdd10050206

54.	 Kalista Y, Djoen H, Rheza G, C43. Eisenmenger syndrome 
the challenge of untreated large ventricular septal defect 
in pregnant women: a case report. European Heart Journal 
2021; 23(6): 42-43. https://doi.org/10.1093/eurheartjsupp/
suab125.042 

55.	 Sternfeld AR, Sheffy A, Tamir A, Mizrachi Y, Assa S et al. 
Isolated ventricular septal defects demonstrated by fetal 
echocardiography: prenatal course and postnatal outcome. 
The Journal of Maternal-Fetal and Neonatal Medicine 2020; 
35(1): 129-133. https://doi.org/10.1080/14767058.2020.1712
710

56.	 Hundscheid T, Onland W, Kooi E, Vijlbrief D, de Vries WD 
et al. Expectant management or early ibuprofen for patent 
ductus arteriosus. The New England Journal of Medicine 2022; 
388(11): 980-990. https://doi.org/10.1056/nejmoa2207418

57.	 Jeon GW. Risk factors and neonatal outcomes of patent 
ductus arteriosus ligation in preterm infants in a single center 
over 6 years. Perinatology 2020; 31(4): 191-198. https://doi.
org/10.14734/PN.2020.31.4.191

58.	 Tiouririne M, Baum VC, Battle RW, Arendt KW, Bhatt 
AB. Case 5—2013: Pregnant patient with uncorrected, 
undiagnosed total anomalous pulmonary venous return and 
severe pulmonary hypertension. Journal of Cardiothoracic 
and Vascular Anesthesia 2013; 27(5): 1041-1047. https://doi.
org/10.1053/j.jvca.2013.02.010

59.	 Presbitero P, Prever SB, Brusca A. Interventional cardiology 
in pregnancy. European Heart Journal 1996; 17(2): 182-188. 
https://doi.org/10.1093/oxfordjournals.eurheartj.a014833

60.	 Yuan SM, Yan SL. Mitral valve prolapse in pregnancy. 
Brazilian Journal of Cardiovascular Surgery 2016; 31(2): 158-
162. https://doi.org/10.5935/1678-9741.20160034

61.	 Villafañe J, Feinstein JA, Jenkins KJ, Vincent RN, Walsh EP et 
al. Hot topics in tetralogy of Fallot. Journal of the American 

https://doi.org/10.1016/j.cjcpc.2023.09.008
https://doi.org/10.1016/j.cjcpc.2023.09.008
https://doi.org/10.1161/CIR.0000000000000458
https://doi.org/10.1161/CIR.0000000000000458
https://doi.org/10.1371/journal.pone.0239048
https://doi.org/10.1371/journal.pone.0239048
https://doi.org/10.3389/fcvm.2020.00059
https://doi.org/10.3389/fcvm.2020.00059
https://doi.org/10.1016/j.jacc.2007.03.027
https://doi.org/10.1016/j.jacc.2011.02.005
https://doi.org/10.1016/S0828-282X(10)70397-4
https://doi.org/10.1016/S0828-282X(10)70397-4
https://doi.org/10.1093/eurheartj/ehab546
https://doi.org/10.1016/j.jacc.2020.05.084
https://doi.org/10.1093/eurheartj/ehab724.0143
https://doi.org/10.1093/eurheartj/ehab724.0143
https://doi.org/10.3390/jcdd10050206
https://doi.org/10.3390/jcdd10050206
https://doi.org/10.1093/eurheartjsupp/suab125.042
https://doi.org/10.1093/eurheartjsupp/suab125.042
https://doi.org/10.1080/14767058.2020.1712710
https://doi.org/10.1080/14767058.2020.1712710
https://doi.org/10.1056/nejmoa2207418
https://doi.org/10.14734/PN.2020.31.4.191
https://doi.org/10.14734/PN.2020.31.4.191
https://doi.org/10.1053/j.jvca.2013.02.010
https://doi.org/10.1053/j.jvca.2013.02.010
https://doi.org/10.1093/oxfordjournals.eurheartj.a014833
https://doi.org/10.5935/1678-9741.20160034


TÜRKMEN and AKAR İNAN / Turk J Med Sci

40

College of Cardiology 2013; 62(23): 2155-2166. https://doi.
org/10.1016/j.jacc.2013.07.100

62.	 Koziol KJ, Isath A, Aronow W, Frishman W, Ranjan P. 
Cyanotic congenital heart disease in pregnancy: a review of 
pathophysiology and management. Cardiology in Review 2024; 
32(4): 348-355. https://doi.org/10.1097/CRD.0000000000000512

63.	 Meijer JM, Pieper PG, Drenthen W, Voors AA, Roos-Hesselink 
JW et al. Pregnancy, fertility, and recurrence risk in corrected 
tetralogy of Fallot. Heart 2005; 91(6): 801-805. https://doi.
org/10.1136/hrt.2004.034108

64.	 Kamiya CA, Iwamiya T, Neki R, Katsuragi S, Kawasaki K et al. 
Outcome of pregnancy and effects on the right heart in women 
with repaired tetralogy of Fallot. Circulation Journal 2012; 76(4): 
957-963. https://doi.org/10.1253/circj.cj-11-1239

65.	 Ramlakhan KP, Kauling RM, Schenkelaars N, Segers D, 
Yap SC et al. Supraventricular arrhythmia in pregnancy. 
Heart 2022; 108(21): 1674-1681. https://doi.org/10.1136/
heartjnl-2021-320451

66.	 Khairul D. Heart failure due to mitral stenosis complicated 
atrial fibrillation in pregnancy. Bioscientia Medicina: Journal of 
Biomedicine and Translational Research 2022; 6(6):1852-1861. 
https://doi.org/10.37275/bsm.v6i6.525

67.	 Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ et al. 2020 
ESC guidelines for the diagnosis and management of atrial 
fibrillation developed in collaboration with the EACTS: The Task 
Force for the diagnosis and management of atrial fibrillation of 
the ESC Developed with the special contribution of EHRA of the 
ESC. European Heart Journal 2021; 42(5): 373-498. https://doi.
org/10.1093/eurheartj/ehaa612

68.	 Hoong CW, Lim CP, Gao F, Chen Q, Kawa LB et al. Outcomes 
of heart failure with preserved ejection fraction in a Southeast 
Asian cohort. Journal of Cardiovascular Medicine 2015; 16(9): 
583-590. https://doi.org/10.2459/JCM.0000000000000100

69.	 Goland S, van Hagen IM, Elbaz-Greener G, Elkayam U, Shotan 
A et al. Pregnancy in women with hypertrophic cardiomyopathy: 
data from the European Society of Cardiology initiated Registry 
of Pregnancy and Cardiac disease (ROPAC). European Heart 
Journal 2017; 38(35): 2683-2690. https://doi.org/10.1093/
eurheartj/ehx189

70.	 Sliwa K, Johnson MR, Zilla P, Roos-Hesselink JW. Management 
of valvular disease in pregnancy: a global perspective. European 
Heart Journal 2015; 36(18): 1078-1089. https://doi.org/10.1093/
eurheartj/ehv050

71.	 Relmasira J, Wicaksono B. Characteristic of pregnancy in 
woman with rheumatic mitral stenosis in Dr. Soetomo Hospital 
Surabaya from 2015 – 2017. International Islamic Medical 
Journal 2020; 2(1): 1-7. https://doi.org/10.33086/iimj.v2i1.1589

72.	 Sachdewani R, Soomro S, Rathi N, Abro K, Bhutto AQ et al. 
Clinical findings and maternal outcome of pregnant patients 
with valvular heart disease. Pakistan Heart Journal 2021; 54(2): 
153-156. https://doi.org/10.47144/phj.v54i2.2091

73.	 Patil S, Kondareddy R, Sheela S. Maternal and fetal outcomes 
in rheumatic heart disease in pregnancy. International Journal 
of Clinical Obstetrics and Gynaecology 2020; 4(1): 101-104. 
https://doi.org/10.33545/gynae.2020.v4.i1b.449

74.	 Baghel J, Keepanasseril A, Pillai A, Mondal N, Jeganathan Y 
et al. Prediction of adverse cardiac events in pregnant women 
with valvular rheumatic heart disease. Heart 2020; 106(18): 
1400-1406. https://doi.org/10.1136/heartjnl-2020-316648

75.	 van der Zande JA, Tutarel O, Ramlakhan KP, van der Bosch 
AE, Bordese R et al. Pregnancy outcomes in women with 
Ebstein’s anomaly: data from the Registry of Pregnancy and 
Cardiac disease (ROPAC). Open Heart 2023; 10(2): e002406. 
https://doi.org/10.1136/openhrt-2023-002406

76.	 Goga M, Kuçi S, Ibrahimi A, Bejko E, Llazo S et al. Perioperative 
management for surgical repair of Ebstein’s anomaly. Albanian 
Journal of Trauma and Emergency Surgery 2021; 5(2): 899-
903. https://doi.org/10.32391/ajtes.v5i2.240

77.	 Gethu KG, Jha N, Rengaraj S, Pampapati V, Munuswamy H et 
al. Mechanical prosthetic valve thrombus in a term pregnant 
woman presenting as acute heart failure: case report and review 
of literature. Indian Journal of Cardiovascular Disease in Women 
2022; 7(1): 34-38. https://doi.org/10.1055/s-0041-1740354

78.	 Ng AP, Verma A, Sanaiha Y, Williamson C, Afshar Y et 
al. Maternal and fetal outcomes in pregnant patients with 
mechanical and bioprosthetic heart valves. Journal of the 
American Heart Association 2023; 12(10): 1-11. https://doi.
org/10.1161/jaha.122.028653

79.	 Raza S, Aggarwal S, Jenkins P, Kharabish A, Anwer S et 
al. Coarctation of the aorta: diagnosis and management. 
Diagnostics 2023; 13(13): 2189. https://doi.org/10.3390/
diagnostics13132189

80.	 Gronningsaeter L, Langesaeter E, Sørbye I, Quattrone A, 
Almaas V et al. High prevalence of pre-eclampsia in women 
with coarctation of the aorta. European Heart Journal Open 
2023; 3(4): 1-13. https://doi.org/10.1093/ehjopen/oead072

81.	 Cherpak B, Davydova YV, Kravchenko V, Yaschuk NS, 
Siromakha SO et al. Management of percutaneous treatment 
of aorta coarctation diagnosed during pregnancy. Journal 
of Medicine and Life 2022; 15(2): 208-213. https://doi.
org/10.25122/jml-2021-0363

82.	 Groth KA, Nielsen BB, Sheyanth I, Gravholt CH, Andersen NH 
et al. Maternal health and pregnancy outcome in diagnosed 
and undiagnosed Marfan syndrome: a registry-based study. 
American Journal of Medical Genetics Part A 2021; 185(5): 
1414-1420. https://doi.org/10.1002/ajmg.a.62122

83.	 Narula N, Devereux RB, Malonga G, Hriljac I, Roman MJ. 
Pregnancy-related aortic complications in women with Marfan 
syndrome. Journal of the American College of Cardiology 2021; 
78(9): 870-879. https://doi.org/10.1016/j.jacc.2021.06.034

84.	 Martín CE, Evangelista A, Teixidó G, Villar S, Serrano-
Fiz S et al. Aortic events in pregnant patients with Marfan 

https://doi.org/10.1016/j.jacc.2013.07.100
https://doi.org/10.1016/j.jacc.2013.07.100
https://doi.org/10.1097/CRD.0000000000000512
https://doi.org/10.1136/hrt.2004.034108
https://doi.org/10.1136/hrt.2004.034108
https://doi.org/10.1253/circj.cj-11-1239
https://doi.org/10.1136/heartjnl-2021-320451
https://doi.org/10.1136/heartjnl-2021-320451
https://doi.org/10.37275/bsm.v6i6.525
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.2459/JCM.0000000000000100
https://doi.org/10.1093/eurheartj/ehx189
https://doi.org/10.1093/eurheartj/ehx189
https://doi.org/10.1093/eurheartj/ehv050
https://doi.org/10.1093/eurheartj/ehv050
https://doi.org/10.33086/iimj.v2i1.1589
https://doi.org/10.47144/phj.v54i2.2091
https://doi.org/10.33545/gynae.2020.v4.i1b.449
https://doi.org/10.1136/heartjnl-2020-316648
https://doi.org/10.1136/openhrt-2023-002406
https://doi.org/10.32391/ajtes.v5i2.240
https://doi.org/10.1055/s-0041-1740354
https://doi.org/10.1161/jaha.122.028653
https://doi.org/10.1161/jaha.122.028653
https://doi.org/10.3390/diagnostics13132189
https://doi.org/10.3390/diagnostics13132189
https://doi.org/10.1093/ehjopen/oead072
https://doi.org/10.25122%2Fjml-2021-0363
https://doi.org/10.25122%2Fjml-2021-0363
https://doi.org/10.1002/ajmg.a.62122
https://doi.org/10.1016/j.jacc.2021.06.034


TÜRKMEN and AKAR İNAN / Turk J Med Sci

41

syndrome: lessons from a multicenter study. Revista Española 
de Cardiología (English Edition) 2022; 75(7): 552-558. https://
doi.org/10.1016/j.rec.2021.07.012

85.	 Rajasekaran P, Gandhi P, Idhrees M, Velayudhan B. Aortic 
complications in pregnancy: the less remembered chapter—a 
narrative review. Exploration of Medicine 2021; 2(1): 423-434. 
https://doi.org/10.37349/emed.2021.00060

86.	 Roman MJ, Pugh NL, Hendershot TP, Devereux RB, Dietz 
HC et al. Aortic complications associated with pregnancy 
in Marfan syndrome: The NHLBI National Registry of 
Genetically Triggered Thoracic Aortic Aneurysms and 
Cardiovascular Conditions (GenTAC). Journal of the 
American Heart Association 2016; 5(8): 1-7. https://doi.
org/10.1161/JAHA.116.004052

87.	 Ma WG, Zhu J, Chen Y, Qiao Z, Ge Y et al. Aortic dissection 
during pregnancy and postpartum in patients with Marfan 
syndrome: a 21-year clinical experience in 30 patients. 
European Journal of Cardio-Thoracic Surgery 2020; 58(2): 
294-301. https://doi.org/10.1093/ejcts/ezaa048

88.	 Freeze SL, Landis BJ, Ware SM, Helm BM. Bicuspid aortic 
valve: a review with recommendations for genetic counselling. 
Journal of Genetic Counseling 2016; 25(6): 1171-1178. 
https://doi.org/10.1007/s10897-016-0002-6

89.	 Galian-Gay L, Pijuan-Domenech A, Cantalapiedra-
Romero J, Serrano B, Goya M et al. Pregnancy-related 
aortic complications in women with bicuspid aortic valve. 
Heart 2023; 109(15): 1153-1158. https://doi.org/10.1136/
heartjnl-2022-322328

90.	 Siromakha S, Davydova I, Kravchenko V. Bicuspid aortic valve 
and pregnancy. Ukrainian Journal of Cardiovascular Surgery 
2021; 2(43): 49-55 (in Ukrainian). https://doi.org/10.30702/
ujcvs/21.4306/s028049-055/126.5_618.3

91.	 Yokouchi-Konishi T, Kamiya C, Shionoiri T, Nakanishi A, 
Iwanaga N et al. Pregnancy outcomes in women with dilated 
cardiomyopathy: peripartum cardiovascular events predict 
post-delivery prognosis. Journal of Cardiology 2021; 77(3): 
217-223. https://doi.org/10.1016/j.jjcc.2020.07.007

92.	 Goland S, Mouquet F. Risk stratification in patients newly 
diagnosed with peripartum cardiomyopathy. In: Sliwa K 
(editor). Peripartum Cardiomyopathy. 1st ed. Cambridge, 
MA, USA: Elsevier; 2021, pp. 21-31.

93.	 Carlson SD, Schultz J, Ramu B, Davis MB. Peripartum 
cardiomyopathy: risks, diagnosis, and management. Journal 
of Multidisciplinary Healthcare 2023; 16(1): 1249-1258. 
https://doi.org/10.2147/jmdh.s372747

94.	 Tutarel O, Baris L, Johnson M, Budts W, Abd-El Aziz MG, 
Liptai C et al. Pregnancy outcomes in women with a systemic 
right ventricle and transposition of the great arteries: results 
from the ESC-EORP Registry of Pregnancy and Cardiac 
disease (ROPAC). Heart 2021; 108(2): 117-123. https://doi.
org/10.1136/heartjnl-2020-318685

95.	 Moroney E, Zannino D, Cordina R, Gentles T, D’udekem Y 
et al. Does pregnancy impact subsequent health outcomes 
in the maternal Fontan circulation? International Journal of 
Cardiology 2020; 15(301): 67-73. https://doi.org/10.1016/j.
ijcard.2019.08.039

96.	 Gouton M, Nizard J, Patel MB, Sassolas F, Jimenez M et al. 
Maternal and fetal outcomes of pregnancy with Fontan 
circulation: a multicentric observational study. International 
Journal of Cardiology 2015; 187(1): 84-89. https://doi.
org/10.1016/j.ijcard.2015.03.344

97.	 Bright RA, Lima FV, Avila C, Butler J, Stergiopoulos K. 
Maternal heart failure. Journal of the American Heart 
Association 2021; 10(14): 1-17. https://doi.org/10.1161/
JAHA.121.021019

98.	 Afari H, Sheehan M, Reza N. Contemporary management of 
cardiomyopathy and heart failure in pregnancy. Cardiology 
and Therapy 2024; 13(1): 17-37. https://doi.org/10.1007/
s40119-024-00351-y

99.	 Bédard E, Dimopoulos K, Gatzoulis MA. Has there been any 
progress made on pregnancy outcomes among women with 
pulmonary arterial hypertension? European Heart Journal 
2009; 30(3): 256-265. https://doi.org/10.1093/eurheartj/
ehn597

100.	 Arvanitaki A, Gatzoulis MA, Opotowsky AR, Khairy P, 
Dimopoulos K et al. Eisenmenger syndrome: JACC state-of-
the-art review. Journal of American College of Cardiology 2022; 
79(12): 1183-1198. https://doi.org/10.1016/j.jacc.2022.01.022

101.	 Sharma B, Sikka P, Chopra S, Bansal R, Suri V et al. 
Pregnancy in Eisenmenger syndrome: a case series from a 
tertiary care hospital of Northern India. Cardiology in the 
Young 2023; 33(11): 2185-2189. https://doi.org/10.1017/
s1047951122004152

102.	 Shibin H, Kang L, Lio KU, Yiping L, Wang J et al. 
Multidisciplinary approach for the management of term 
pregnancy complicated by Eisenmenger syndrome. Journal of 
Zhejiang University Science B 2023; 24(1): 89-93. https://doi.
org/10.1631/jzus.B2200368

103.	 Mantha Y, Harada R, Hieda M. Management of common 
cardiovascular emergencies in critically ill patients. Heart 
Failure Clinics 2020; 16(2): 153-166. https://doi.org/10.1016/j.
hfc.2019.11.001

104.	 Saxena A, Relan J. Pregnancy with congenital heart disease. 
Vessel Plus. 2022; 6(15): 1-17. https://doi.org/10.20517/2574-
1209.2021.96

105.	 Litorp H, Målqvist M, Sunny AK, Gurung A, Gurung R et al. 
Improved obstetric management after implementation of a 
scaled-up quality improvement intervention: a nested before-
after study in three public hospitals in Nepal. Birth 2023; 50(3): 
616-626. https://doi.org/10.1111/birt.12709

106.	 Atzmon Y, Ben Ishay E, Hallak M, Littman R, Eisenkraft A et al. 
Continuous maternal hemodynamics monitoring at delivery 
using a novel noninvasive wireless PPG-based sensor. Journal 
of Clinical Medicine 2021; 10(1): 1-11. https://doi.org/10.3390/
jcm10010008

https://doi.org/10.1016/j.rec.2021.07.012
https://doi.org/10.1016/j.rec.2021.07.012
https://doi.org/10.37349/emed.2021.00060
https://doi.org/10.1161/JAHA.116.004052
https://doi.org/10.1161/JAHA.116.004052
https://doi.org/10.1093/ejcts/ezaa048
https://doi.org/10.1007/s10897-016-0002-6
https://doi.org/10.1136/heartjnl-2022-322328
https://doi.org/10.1136/heartjnl-2022-322328
https://doi.org/10.30702/ujcvs/21.4306/s028049-055/126.5_618.3
https://doi.org/10.30702/ujcvs/21.4306/s028049-055/126.5_618.3
https://doi.org/10.1016/j.jjcc.2020.07.007
https://doi.org/10.2147/jmdh.s372747
https://doi.org/10.1136/heartjnl-2020-318685
https://doi.org/10.1136/heartjnl-2020-318685
https://doi.org/10.1016/j.ijcard.2019.08.039
https://doi.org/10.1016/j.ijcard.2019.08.039
https://doi.org/10.1016/j.ijcard.2015.03.344
https://doi.org/10.1016/j.ijcard.2015.03.344
https://doi.org/10.1161/JAHA.121.021019
https://doi.org/10.1161/JAHA.121.021019
https://doi.org/10.1007/s40119-024-00351-y
https://doi.org/10.1007/s40119-024-00351-y
https://doi.org/10.1093/eurheartj/ehn597
https://doi.org/10.1093/eurheartj/ehn597
https://doi.org/10.1016/j.jacc.2022.01.022
https://doi.org/10.1017/s1047951122004152
https://doi.org/10.1017/s1047951122004152
https://doi.org/10.1631/jzus.B2200368
https://doi.org/10.1631/jzus.B2200368
https://doi.org/10.20517/2574-1209.2021.96
https://doi.org/10.20517/2574-1209.2021.96
https://doi.org/10.1111/birt.12709
https://doi.org/10.3390%2Fjcm10010008
https://doi.org/10.3390%2Fjcm10010008


TÜRKMEN and AKAR İNAN / Turk J Med Sci

42

107.	 O’Kelly AC, Scott N, Defaria Yeh D. Delivering coordinated 
cardio-obstetric care from preconception through postpartum. 
Cardiology Clinics 2021; 39(1): 163-173. https://doi.
org/10.1016/j.ccl.2020.09.012

108.	 Armson BA, Samuels P, Miller F, Verbalis J, Main EK. 
Evaluation of maternal fluid dynamics during tocolytic 
therapy with ritodrine hydrochloride and magnesium sulfate. 
American Journal of Obstetrics and Gynecology 1992; 167(3): 
758-765. https://doi.org/10.1016/s0002-9378(11)91585-3

109.	 Meng M, Arendt K. Obstetric anesthesia and heart 
disease: practical clinical considerations. Anesthesiology 
2021; 135(1): 164-183. https://doi.org/10.1097/
aln.0000000000003833

110.	 Rosano G, Rodriguez-Martinez MA, Spoletini I, Regidor 
P. Obesity and contraceptive use: impact on cardiovascular 
risk. ESC Heart Failure 2022;9(1):3761-3767. https://doi.
org/10.1002/ehf2.14104

https://doi.org/10.1016/j.ccl.2020.09.012
https://doi.org/10.1016/j.ccl.2020.09.012
https://doi.org/10.1016/s0002-9378(11)91585-3
https://doi.org/10.1097/aln.0000000000003833
https://doi.org/10.1097/aln.0000000000003833

	Navigating pregnancy with cardiovascular disease: pathophysiology, risk stratification, and maternal–fetal outcomes
	Recommended Citation

	tmp.1740039843.pdf.v_wIT

