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Cardiovascular disease in pregnancy: physiology, global 
burden, risk stratification, and opportunities in care
Tiffany L Brazile, Nathalie Conrad, Lina Bergman, Justin Paul Gnanaraj, Laxmi S Mehta, Candice K Silversides, Karen Sliwa, Garima Sharma, 
on behalf of the Cardiovascular Disease in Pregnancy Writing Group*

Cardiovascular disease remains one of the leading causes of maternal mortality worldwide and a major driver of long-
term morbidity. Yet, pregnancy-related cardiovascular complications are often under-recognised and variably managed 
across global settings. This three-part Series examines the continuum of cardiovascular risk surrounding pregnancy—
from preconception through to lifelong surveillance. In the first paper in this Series, we describe the haemodynamic 
changes of pregnancy and global trends of congenital and acquired heart disease before pregnancy, evaluate 
established risk-stratification tools, and discuss the importance of multidisciplinary care. We focus on the existing 
burden of cardiovascular disease during pregnancy and related maternal and fetal complications. The second 
paper focuses on hypertensive disorders of pregnancy—the most common cardiovascular complication during 
pregnancy worldwide—detailing the pathophysiology, risk factors, and innovative care-delivery models to bridge gaps 
in longitudinal management. Finally, the third paper examines the association between adverse pregnancy outcomes 
and future cardiovascular disease, delineating mechanistic pathways, early interventions, and subsequent 
cardiovascular care. Together, this Series underscores pregnancy as a pivotal window into women’s lifelong 
cardiovascular health and calls for integrated, equitable strategies to prevent avoidable maternal and fetal 
complications, while substantially lowering the lifetime risk of cardiovascular disease across diverse populations.

Introduction
Cardiovascular disease is one of the leading causes of 
maternal mortality worldwide and a major contributor to 
long-term morbidity in women.1–3 Despite substantial 
advances in obstetric care, the incidence of pregnancy-
related cardiovascular complications has increased 
globally, with cardiovascular disease now complicating 
up to 15% of pregnancies,4 and mortality trends vary 
considerably by region.3,5–9 These patterns reflect 
profound inequities in access to timely diagnosis, risk 
stratification, and multidisciplinary care. They also 
visualise shifting epidemiology with acquired 
cardiovascular disease driven by increasing maternal age 
and cardiometabolic disease, as well as improved survival 
of women with congenital heart disease or childhood or 
young adulthood cancer treated with radiation or 
chemotherapy.1,5–13

Pregnancy represents a unique physiological stress test 
for the cardiovascular system. The marked haemo
dynamic, metabolic, and hormonal adaptations required 
to support fetal development can unmask previously 
unrecognised disease, exacerbate established cardiac 
conditions, or precipitate de-novo cardiovascular compli
cations.14,15 Accordingly, pregnancy and the postpartum 
period provide a crucial opportunity to identify under
lying cardiovascular risk, optimise the management of 
existing disease, and intervene to improve the long-term 
trajectories of women’s cardiovascular health.

In this three-part Series, we explore the multifaceted 
landscape of cardiovascular disease in pregnancy. We 
aim to synthesise current evidence on its pathophysiology, 
epidemiology, and clinical management to inform 

health-care providers, researchers, and policy makers in 
reducing maternal and fetal morbidity and mortality 
worldwide. We highlight important gaps in knowledge 
and practice, promoting interdisciplinary approaches to 
enhance preconception care, antenatal monitoring, 
postpartum management, and long-term cardiovascular 
health outcomes for affected individuals.

In the first paper in this Series, we provide an 
overarching framework for understanding pre-existing 
high-risk cardiovascular disease during pregnancy, 
including congenital cardiovascular disease and acquired 
cardiovascular disease that developed before pregnancy. 
We review: (1) cardiovascular haemodynamics; (2) the 
global epidemiology of pre-existing cardiovascular 
disease during pregnancy; (3) team-based models of care 
and risk-stratification tools used around the world; and 
(4) crucial areas for future research and policy 
development. Individual, lesion-specific conditions are 
not in the scope of this Series given the recent guidance 
by professional science organisations.16

The second paper in this Series focuses on hypertensive 
disorders of pregnancy (HDP), detailing the 
pathophysiology, risk factors, and innovative care-delivery 
models needed to bridge gaps in longitudinal 
management.17 The third paper in this Series examines 
the association between adverse pregnancy outcomes and 
future cardiovascular disease, delineating mechanistic 
pathways, early interventions, and subsequent 
cardiovascular care.18 Together, these articles underscore 
pregnancy as a pivotal window into women’s lifelong 
cardiovascular health and provide a call for integrated, 
equitable strategies to prevent avoidable maternal and 
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fetal complications and substantially reduce lifetime 
cardiovascular risk across diverse populations.

Haemodynamic and physiological changes 
during pregnancy
Pregnancy induces numerous physiological changes in 
the maternal cardiovascular system to meet the increased 
metabolic demands of both the mother and growing 
fetus. These changes begin soon after conception and 
progressively evolve throughout gestation and 
postpartum. In this section, we focus on the key 
haemodynamic and physiological cardiovascular 
adaptations required to correctly interpret cardiovascular 
symptoms, haemodynamic measurements, and 
diagnostic studies in pregnant and postpartum women, 
predict the effects of pregnancy on women with pre-
existing cardiovascular disease, and understand how 
pre-existing maternal cardiovascular disease might 
compromise fetal health.

Pregnancy
An overview of the physiological adaptations of 
pregnancy that support the metabolic and circulatory 

demands of the mother and growing fetus are depicted 
in figure 1. Cardiac output rises by 30% during the first 
trimester, which is initially driven by increased stroke 
volume, in part due to vasodilation mediated by 
oestrogen and progesterone.19–21 Systemic vascular 
resistance also decreases due to a blunted vasoconstrictor 
response and the development of a low-resistance 
uteroplacental circulation, reducing blood pressure by 
5–10 mm Hg around 20–24 weeks of gestation.19,22,23 
These haemodynamic and hormonal changes activate 
the renin–angiotensin–aldosterone system, promoting 
sodium and fluid retention.24,25 Consequently, plasma 
volume expands greater than red blood cell mass, 
producing physiological, dilutional anaemia.26 
Pregnancy establishes a high-flow, low-resistance 
pulmonary circulation along with increased ventilation 
to support maternal–fetal gas exchange through 
synergistic hormonal and mechanical adaptations.27–29

During the second trimester, cardiac output continues 
to increase by up to 50% above pre-pregnancy levels and 
peaks in mid-pregnancy due to increases in heart rate as 
stroke volume stabilises.30 The third trimester is 
characterised by sustained high cardiac output and a 
gradual return in blood pressure towards pre-pregnancy 
levels.10,31,32 Lipid levels, including total cholesterol, LDLs, 
triglycerides, and lipoprotein(a), increase throughout 
pregnancy. Hepatic cholesterol and lipoprotein synthesis 
increase, while LDL receptor activity decreases, causing 
total cholesterol to rise by 25–50% from baseline pre-
pregnancy levels.33–35 During the third trimester, maternal 
metabolism shifts from anabolic to catabolic, resulting 
in increased insulin resistance and peripheral adipose 
tissue lipolysis, thereby further increasing maternal 
lipoprotein levels.36 Pregnancy also induces a 
hypercoagulable state through several changes in the 
coagulation, anticoagulant, and fibrinolytic systems, 
which intensify throughout pregnancy to prepare for the 
haemostatic challenge of birth.37–40 The risk of venous 
thromboembolism is further enhanced by progesterone-
induced venodilation, mechanical compression of the 
pelvic veins by the enlarging uterus, and reduced 
mobility late in pregnancy.40–42

Labour, delivery, and postpartum 
The greatest haemodynamic changes occur during 
labour and immediately postpartum.10,14 During labour, 
uterine contractions, pain, and anxiety result in 
catecholamine-mediated changes in blood pressure, 
heart rate, and cardiac output.43 Each uterine contraction 
delivers 300–500 mL of blood into the systemic 
circulation.44 Repeated Valsalva manoeuvres in the 
second phase of labour cause transient reductions in 
preload and cardiac output.10,14 With birth, rapid 
decompression of the inferior vena cava and 
autotransfusion from the contracting uterus further 
increase cardiac output by 50–80% above pre-labour 
values.43,45 Simultaneously, loss of the uteroplacental 

Key messages

•	 Pregnancy poses a unique haemodynamic stress on 
women, with substantial metabolic and hormonal 
alterations that can often unmask underlying 
cardiovascular disease or precipitate de-novo 
cardiovascular disease; this paper focuses on the 
pathophysiological changes of high-risk cardiovascular 
disease, which are described as congenital heart disease, 
acquired pre-pregnancy cardiovascular disease, and new-
onset cardiovascular conditions

•	 Management of high-risk cardiovascular disease during 
pregnancy requires a multidisciplinary pregnancy heart 
team (cardio-obstetrics) approach, prioritising 
preconception counselling, focused risk stratification 
(using tools such as modified WHO classes, ZAHARA, 
CARPREG II, etc), genetic counselling, medication 
reconciliation, and nuanced discussion on the timing and 
mode of  birth, encompassing fetal and delivery risks 

•	 There is a need for the implementation of screening 
protocols for all pregnant and postpartum women for early 
detection of cardiovascular disease, which includes patient-
reported symptoms, vital signs, risk factors, and physical 
examinations, along with additional imaging (eg, 
echocardiograms), that helps distinguish between the 
typical physiological and haemodynamic changes of 
pregnancy versus cardiovascular disease, and prompts 
clinicians to streamline care for these high-risk conditions

•	 There remain global challenges in advancing equitable, 
system-level action across diverse care settings and in 
refocusing efforts on testing care models for feasibility and 
cost-effectiveness, particularly in resource-limited countries 
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circulation after birth results in a rapid relative increase 
in systemic vascular resistance.43 These changes peak 
within the first 12–24 h postpartum.43 This period can be 
one of the highest risks for cardiovascular decom
pensation due to these fluids shifts, which can precipitate 
pulmonary oedema in lesions such as aortic and mitral 
stenosis, aortopathies such as coarctation of the aorta, 
cardiomyopathies with reduced ejection fraction, and 
pulmonary hypertension.

Many of the haemodynamic changes that occur 
throughout pregnancy, labour, and delivery start to 
resolve within 48 h.45 Most of these changes regress 
within 2 weeks of birth, while a complete return to 
baseline might take up to 6 months.46,47

The physiological and haemodynamic changes of 
pregnancy can precipitate decompensation and clinical 
deterioration in women with pre-existing cardiovascular 
disease due to limited physiological reserve and might be 
amplified by comorbid conditions (appendix pp 2–5). 
Additionally, pregnancy might unmask undiagnosed 
cardiovascular disease, which is associated with increased 
maternal morbidity and mortality.15 Furthermore, typical 
pregnancy symptoms often mimic cardiovascular disease, 
which can delay diagnosis. Symptoms of concern, 
including true orthopnaea, paroxysmal nocturnal 
dyspnoea, progressive dyspnoea at rest or with minimal 
exertion, persistent cough, chest pain, and syncope, 
should prompt cardiovascular evaluation without 
delay.48–50 Given these diagnostic challenges and the 
substantial effect of cardiovascular disease on maternal 
morbidity and mortality, it is imperative to understand 
the disease burden globally and implement strategies for 

risk assessment and specialised multidisciplinary 
management.

Epidemiology and the global burden of 
cardiovascular disease in pregnancy
For epidemiological analyses, we categorise cardiovascular 
disease in pregnancy into three groups: (1) congenital 
cardiovascular diseases, encompassing repaired and 
unrepaired structural or functional lesions present from 
birth; (2) acquired cardiovascular diseases that develop 
before the current pregnancy; and (3) acquired 
cardiovascular diseases that develop or first present during 
pregnancy or the postpartum period (panel 1). Each group 
differs in their pathophysiology, timing of symptom 
presentation, risk of sudden deterioration, prevention and 
management strategies, and maternal–fetal risks (panel 2), 
with corresponding variation in the burden of 
cardiovascular complications across conditions and region. 
A structured synthesis of the available incidence, 
prevalence, and case-fatality rates for major cardiovascular 
complications during pregnancy for high-income 
countries (HICs) and low-income and middle-income 
countries (LMICs) is presented in figure 2, with derivation 
methods and sources detailed in the appendix (pp 6–20). 
Through the supplementary tables in the appendix 
(pp 6–20), we hope to highlight the cardiovascular 
complications that increase maternal morbidity and 
mortality due to myocardial infarction, heart failure, 
vascular dissection, cerebrovascular disease, 
thromboembolism, ventricular or atrial arrhythmias, and 
cardiac arrest during pregnancy and the postpartum 
period.

Figure 1: Haemodynamic and physiological changes during pregnancy
FRC=functional residual capacity. GFR=glomerular filtration rate. PVR=pulmonary vascular resistance. RAAS=renin–angiotensin–aldosterone system. SVR=systemic 
vascular resistance.

Nervous system
• ↑ synaptic remodelling,

neurogenesis, and glial activity
promoting adaptations in
cognition, emotion, and maternal
caregiving

• ↑ sympathetic activity and
↓ baroreceptor sensitivity to help
regulate cardiovascular,
pulmonary, and thermoregulatory
function

Renal system
• RAAS activation promoting

sodium and fluid retention
• ↑ renal blood flow and GFR up to

50% above baseline
• Facilitation of maternal clearance

of fetal metabolic byproducts
• ↑ renal bicarbonate excretion to

compensate for respiratory
changes

Pulmonary system
• ↑ flood flow, ↓ PVR
• ↑ minute ventilation due to

↑ tidal volume
• Mild respiratory alkalosis
• ↑ in O2 consumption to meet

maternal and fetal demands
• ↓ in FRC as uterus elevates

diaphragm
• ↑ in upper airway resistance due

to weight gain, fluid retention,
and ↑ blood flow

Haematological system
• Plasma volume expansion greater

than red blood cell mass resulting
in physiological anaemia

• Hypercoagulable state to prepare
for the haemostatic challenge of
delivery

• Progesterone-induced
venodilation and pelvic vein
compression from the enlarging
uterus ↑ venous
thromboembolism risk

Cardiovascular system
• ↑ in cardiac output first due to

↑ stroke volume, then ↑ heart
rate peaking in mid-pregnancy
by up to 50% above baseline
•  driven by ↑ oestrogen and

progesterone levels
• ↓ in SVR via vasodilatory

mediators and blunted
vasoconstrictor response, leading
to ↓ mean arterial pressure

Uteroplacental system
• Transformation of spiral arteries

into high-capacitance, low-
resistance vessels

• ↑ blood flow facilitated by
↓ uterine vascular resistance and
enhanced vasodilation

• Orchestrated by placental
hormones, growth factors, and
vasoactive proteins

Metabolic and hepatic
systems
• ↑ insulin resistance by 40–50% to

facilitate nutrient transfer to the
fetus

• ↑ hepatic synthesis of cholesterol
and lipoproteins, ↓ LDL-
cholesterol receptor activity
resulting in ↑ in circulating lipid
levels by 25–50%, peaking in the
third trimester

See Online for appendix
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Incidence and prevalence of cardiovascular disease 
during pregnancy
Congenital heart diseases
Congenital heart diseases affect about 1% of the general 
population, based largely on data from HICs, with more 
limited and uncertain estimates in LMICs. Severe or 
complex lesions account for approximately 14% of 

congenital heart disease cases. Among this group of 
women, up to 46·2% have been reported to have maternal 
cardiac events during pregnancy.66–68 In HICs, pregnancy 
among women with congenital heart disease is increasingly 
common and contributes to the evolving landscape of 
maternal cardiovascular care.69–71 A study from the USA 
estimated that the prevalence of congenital heart disease 

Panel 1: Epidemiological classification and key features of cardiovascular diseases in pregnancy 

Congenital cardiovascular diseases: structural or functional 
heart lesions present from birth
Examples
•	 Defects of the wall or vessels of the heart: atrial septal defect, 

ventricular septal defect, and patent ductus arteriosis
•	 Complex congenital heart disease: tetralogy of Fallot, 

transposition of the great arteries, and single ventricle or 
Fontan procedure

•	 Outflow tract or valvular lesions: congenital aortic or 
pulmonary stenosis and bicuspid aortic valve

•	 Aortopathy: coarctation of the aorta
•	 Cyanotic heart disease: Eisenmenger physiology and total 

anomalous pulmonary venous return
•	 Inherited arrhythmia syndromes: long QT syndrome and 

Wolff–Parkinson–White syndrome

Key features
•	 Cause: structural or functional heart lesions present from 

birth (genetic or developmental)
•	 Primary prevention: limited; focus on genetic counselling 

and optimisation before pregnancy
•	 Epidemiology: increasing prevalence globally due to 

improved survival into reproductive age
•	 Risks: pregnancy risk depends on lesion complexity and 

residual haemodynamic burden (eg, heart failure, 
arrhythmias, and maternal–fetal complications)

Acquired cardiovascular diseases pre-dating pregnancy: 
pre-existing before conception (may be chronic, often 
known conditions)
Examples
•	 Valvular heart disease: rheumatic heart disease or prosthetic 

heart valves
•	 Ischaemic disease: coronary artery disease, previous 

myocardial infarction, and previous stroke
•	 Known cardiomyopathies: dilated with ventricular 

dysfunction, hypertrophic, restrictive, and previous 
peripartum cardiomyopathy 

•	 Pulmonary hypertension: pulmonary arterial hypertension, 
idiopathic, or secondary causes

•	 Hypertensive disease: chronic hypertension
•	 Arrhythmias: atrial fibrillation, supraventricular tachycardia, 

ventricular tachycardia, heart block, and inherited 
channelopathies

•	 Aortopathy: Marfan syndrome and Loeys–Dietz syndrome
•	 Thromboembolic risk: previous venous thromboembolism or 

thrombophilia (eg, Factor V Leiden)

Key features
•	 Cause: chronic conditions developing before conception 

(eg, rheumatic, cardiometabolic, or degenerative disease)
•	 Primary prevention: possible for many through disease 

control and risk-factor modification (eg, hypertension, 
obesity, smoking, or diabetes)

•	 Epidemiology: increasing prevalence with increasing 
maternal age and cardiometabolic disease

•	 Risks: risk of decompensation during pregnancy (eg, heart 
failure, arrhythmias, or thromboembolism); requires 
preconception risk assessment

Acquired cardiovascular diseases developing or presenting 
during pregnancy or postpartum: conditions first diagnosed 
or precipitated by pregnancy itself (physiological, 
hormonal, or thrombotic triggers)
Examples
•	 Hypertensive disorders of pregnancy: gestational 

hypertension, pre-eclampsia, and eclampsia
•	 Thromboembolic disease: pregnancy-related deep-vein 

thrombosis and pulmonary embolism
•	 Infective or inflammatory endocarditis, myocarditis, and 

pericarditis
•	 Myocardial infarction including spontaneous coronary 

artery dissection
•	 Stroke
•	 New-onset cardiomyopathies: peripartum cardiomyopathy, 

stress-induced cardiomyopathy (eg, Takotsubo syndrome)
•	 Aortic complications: dissection
•	 Arrhythmias: pregnancy-related atrial fibrillation, 

supraventricular tachycardia, and ventricular tachycardia

Key features
•	 Cause: pregnancy-triggered conditions related to 

haemodynamic, hormonal, or thrombotic changes
•	 Primary prevention: possible for some (eg, hypertensive 

disorders and venous thromboembolism) through risk 
identification and prophylaxis

•	 Epidemiology: most common category of cardiovascular 
complications in pregnancy

•	 Risks: highest risk of acute maternal morbidity and 
mortality (eg, peripartum cardiomyopathy, spontaneous 
coronary artery dissection, and aortic dissection), often 
presenting late in pregnancy or postpartum
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in pregnancy increased by about 20% between 2010 and 
2019 and is now present in approximately 0·08% of 
pregnancies.72 The rise in pregnancies among women with 
congenital heart disease is largely due to improvements in 
paediatric cardiac surgery and medical care that allow 
most children with complex congenital heart disease to 
survive to reproductive age.66 In LMICs, the prevalence of 

congenital heart disease in pregnancy is not well 
quantified, and many children with complex congenital 
heart disease do not reach reproductive age.8,66,73 Of those 
who do reach adulthood, some will have uncorrected 
congenital heart disease and are sometimes unaware of 
their underlying condition until they present during 
pregnancy.8

Panel 2: Overview of maternal and fetal risks of cardiovascular diseases during pregnancy

Congenital cardiovascular diseases: structural or functional 
heart lesions present from birth (may be repaired or 
unrepaired)
Maternal morbidity and mortality
Maternal cardiac complications are common and lesion specific:
•	 Heart failure occurs in 5–15% of pregnancies with moderate-

to-severe coronary heart disease51,52

•	 Arrhythmias (especially atrial and supraventricular) affect 
5–10% of pregnancies51,53

•	 Women with cyanosis, pulmonary hypertension, or systemic 
right ventricle carry the highest risk of morbidity and 
mortality51,52,54,55

•	 Hypertensive disorders, caesarean delivery, preterm delivery, 
and postpartum haemorrhage are more common compared 
with the general population52

Maternal mortality is low overall and concentrated in 
subgroups at high risk:
•	 Overall: 0·1–1·5% maternal mortality51,53

•	 Mortality up to 5–10% in women with Eisenmenger 
physiology, severe pulmonary hypertension, or complex 
unrepaired lesions51,52,55

Fetal and neonatal risks
Fetal and neonatal risks include obstetric complications and 
inherited heart disease:
•	 Preterm birth (<37 weeks of gestation) occurs in 20–25% of 

pregnancies52,55

•	 Intrauterine growth restrictions and small for gestational 
age up to two times higher in women with congenital 
cardiovascular disease than in unaffected pregnancies52,53,56

•	 Fetal loss and perinatal mortality are roughly two to 
four times higher in women with congenital cardiovascular 
disease than in unaffected pregnancies, especially when 
maternal cyanosis or heart failure are present52,57

•	 Fetus or offspring bears higher risk of inherited congenital 
heart defects56

Acquired cardiovascular diseases pre-dating pregnancy: 
pre-existing before conception (may be chronic, often 
known conditions)
Maternal morbidity and mortality
Valvular heart disease and cardiomyopathies:
•	 Women with rheumatic valvular disease, previous valve 

replacement, or cardiomyopathy are at high risk51,54

•	 Heart failure occurs in up to 20–30% of pregnancies with 
mitral stenosis or cardiomyopathy51,54

•	 Anticoagulation and prosthetic valve management pose 
major challenges and risk of thromboembolism51,54

Chronic pre-existing cardiovascular disease: in women with 
chronic hypertension, ischaemic heart disease, or significant 
arrhythmias, pregnancy is associated with higher rates of heart 
failure, hypertensive crises, recurrent ischaemia, 
thromboembolic events, and arrhythmia exacerbation.16,51

Maternal mortality is highest in some subgroups: overall 
mortality is 1–2%, but rises to 5–10% in severe rheumatic mitral 
stenosis, prosthetic valve thrombosis, or advanced 
cardiomyopathy.51,54

Fetal and neonatal risks
Fetal and neonatal risks are substantially elevated, often from 
obstetric complications:
•	 Chronic maternal hypoxia or low cardiac output affects fetal 

growth58

•	 Increased rates of preterm delivery (20–30%), fetal growth 
restriction, and perinatal mortality (two to five times more 
common than in the general population)54,58

Acquired cardiovascular diseases developing or presenting 
during pregnancy or postpartum: conditions first diagnosed 
or precipitated by pregnancy itself (physiological, 
hormonal, or thrombotic triggers)
Maternal morbidity and mortality
Hypertensive diseases are the most common cardiovascular 
complication of pregnancy:
•	 Markedly increases risk of superimposed pre-eclampsia, 

heart failure, placental abruption, preterm birth, and 
perinatal growth restriction59

Rarer conditions carry the highest risk:
•	 Disorders such as peripartum cardiomyopathy, pregnancy-

associated myocardial infarction (including spontaneous 
coronary artery dissection), aortic dissection, or infective 
endocarditis are considered high risk for maternal and fetal 
complications

•	 Major maternal complications include heart failure, 
arrhythmia, and cardiogenic shock

•	 Severe cases require mechanical circulatory support, surgery, 
or heart transplantation

•	 Complications occur within the first 6 weeks postpartum 
when haemodynamic and hormonal shifts peak, and can 
occur up to 1 year postpartum16

(Continues on next page)
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Acquired cardiovascular disease pre-dating conception
Acquired cardiovascular disease before conception 
(eg, rheumatic valvular disease, other stenotic and 
regurgitant valve lesions, chronic hypertension, 
cardiomyopathies, and ischaemic heart disease) affects 
3–5% of pregnancies and remains a major global cause 

of maternal morbidity and mortality.74 Often uncovered 
in youth or during pregnancy, arrhythmias can occur in 
women due to inherited or acquired conditions, or can 
develop de novo during pregnancy. Arrhythmias, 
including atrial fibrillation, supraventricular tachycardia, 
and ventricular tachycardia, occur in roughly 0·03–0·5% 

Figure 2: Incidence, prevalence, and case-fatality rates of maternal cardiovascular diseases in pregnancy and the postpartum period
Estimates are illustrative and represent plausible ranges based on currently available literature and expert consensus. Where available, estimates were informed from 
the most recent systematic review reporting incidence, prevalence, or case-fatality rates in defined pregnancy populations and 95% CIs. Where recent systematic 
reviews were not available, representative ranges were informed from global reviews and registry summaries, prevalence estimates in women of childbearing age, 
and expert consensus statements. These estimates are suitable for visualisation and broad comparisons across conditions but should not be cited as meta-analysis 
results. Interpretation should consider the heterogeneity in study design, case definitions, reporting practices, and geographical settings of underlying studies. 
Estimates are displayed as colour-coded ranges and are summarised globally and by regional income group (ie, high-income countries and low-income and middle-
income countries). More detail on the search strategies, data sources, and references used to derive plausible ranges are provided in the appendix (pp 6–20). Incidence 
and prevalence estimates are reported per pregnancy, expressed as percentages or, for rare outcomes, per 100 000 pregnancies, except for peripartum 
cardiomyopathy, where incidence is reported per livebirth.
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(Panel 2 continued from previous page)

Maternal mortality is substantially higher than for pre-existing 
disease:
•	 Maternal mortality ranges from 4% to 6% for pregnancy-

associated myocardial infarction (up to 6–11% for 
peripartum cardiomyopathy and 6–11% for stroke)60–62

•	 Highest maternal mortality rates are reported for infective 
endocarditis (5–23%) and aortic dissection (up to 20%)63,64

Fetal and neonatal risks
Fetal and neonatal risks are substantially elevated, often related 
to severe maternal cardiovascular complications and the need 
for early delivery:

•	 High rates of preterm delivery (>30%), fetal growth 
restriction, and perinatal mortality (4–8%)65

•	 Rapid access to cardiology, obstetrics, cardiac imaging, and 
critical care expertise dramatically improves survival; 
postpartum follow-up is essential to prevent recurrence59
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of pregnancies and are associated with distinct clinical 
challenges, including a high risk of recurrence in 
subsequent pregnancies, increased risk of 
thromboembolic complications, and the need for 
long-term rhythm or anticoagulation therapy.75 Women 
with ventricular tachycardia during pregnancy have a 
higher risk of heart failure and mortality as well as worse 
fetal outcomes.4,75 Acquired valvular heart disease, 
particularly rheumatic heart disease, disproportionately 
affects women from LMICs.76,77 Due to large gaps in 
preconception screening, 25–53% of these diagnoses are 
made during pregnancy.78 Although ischaemic heart 
disease in women of childbearing age is relatively 
uncommon, prevalence and incidence have increased 
globally due to increasing maternal age and 
comorbidities.79

New-onset cardiovascular complications
New-onset cardiovascular complications of pregnancy 
constitute the most common category of cardiovascular 
disease affecting pregnant women, complicating 10–15% 
of pregnancies.74 HDPs, including gestational 
hypertension, pre-eclampsia, and eclampsia, are the most 
common cardiovascular complications of pregnancy, 
affecting 2–10% of pregnancies, with clinical severity 
ranging from gestational hypertension to life-threatening 
pre-eclampsia and eclampsia.80–83 Maternal stroke, which 
might be secondary to HDP, affects approximately 20–50 
per 100 000 pregnancies with increasing incidence due to 
advanced maternal age and related comorbidities.84–86 
Other conditions such as peripartum cardiomyopathy and 
pregnancy-associated myocardial infarction (including 
spontaneous coronary artery dissection, which is the most 
common cause of pregnancy-associated myocardial 
infarction), are comparatively rare but carry the highest 
risks, with mortality reaching up to 20% for subsequent 
cardiomyopathy in certain populations (figure 2).65,87

Trends in morbidity and mortality
In the Registry of Pregnancy and Cardiac Disease—the 
largest prospective global registry of pregnancy in women 
with pre-existing heart disease, including over 
6000 pregnancies from more than 50 countries—
cardiomyopathy complicated by heart failure affected 
approximately 11% of pregnancies, and overall maternal 
mortality was around 0·6%.51 Mortality varied primarily by 
underlying cardiovascular phenotype: women with 
rheumatic valvular disease, cardiomyopathies, or 
pulmonary hypertension have maternal mortality rates of 
1–10% and heart failure rates of 15–30%, whereas women 
with moderate complexity or well repaired congenital 
heart disease have lower event rates.51 Importantly, despite 
an increasing proportion of pregnancies at high risk of 
complications over time, overall rates of major maternal 
complications in the registry have decreased.51 In contrast, 
population-level data from the UK Confidential Enquiries 
indicate that cardiac and thromboembolic conditions 

consistently rank among the leading causes of maternal 
death, with only modest changes in associated mortality 
rates over time.88,89 This divergence probably reflects 
increasing maternal multimorbidity and cardiometabolic 
risk, as well as challenges in translating advances from 
specialised centres into routine care.

Fetal and neonatal risks largely depend on the type of 
cardiac lesion. For women with cyanotic heart disease or 
low cardiac output in which the supply of nutrients and 
oxygen to the fetus is insufficient, the risk of miscarriage 
and fetal growth restriction is substantial.52,57 For 
cardiovascular disease resulting in hypertension such as 
coarctation, there is an increased risk of iatrogenic 
preterm birth and fetal growth restriction secondary 
to pre-eclampsia development.1–3 For women with 
congenital cardiovascular disease, the risk of inherited 
cardiovascular disease is increased.56 These increased 
risks warrant closer surveillance (eg, repeated fetal 
growth scans and fetal echocardiography) for improved 
detection of congenital lesions prenatally.90–92

Geographical and sociodemographic disparities in 
disease burden
Geographical variation in HICs and LMICs reflects 
differences in socioeconomic development, health-care 
access, and epidemiological transition.93 In several 
settings, particularly in areas of sub-Saharan Africa and 
south Asia, rheumatic heart disease and undiagnosed 
congenital lesions account for a substantial share of 
maternal morbidity and mortality.94,95 Rheumatic mitral 
stenosis, mitral regurgitation, and previous surgical 
mitral valve repair account for most of the pre-existing 
cardiovascular disease in South Africa (71–84%), and a 
substantial proportion of women (8–28%) present with 
previously undiagnosed cardiovascular disease 
unmasked by pregnancy-related haemodynamic 
stress.96 In LMICs, delayed recognition of heart disease, 
along with limited access to cardiac services and 
postpartum surveillance, contribute to poorer maternal 
outcomes.54,97 In the Madras Medical College Pregnancy 
and Cardiac Registry, one of the largest pregnancy 
registries from LMICs, maternal mortality was almost 
2%, more than three times higher than rates reported 
in HIC cohorts.51,54 This pattern reflects a broader trend, 
where case fatality rates for many cardiovascular 
complications of pregnancy—ie, the proportion of 
women who die after developing a given condition, 
typically within 42 days and up to 1 year of pregnancy or 
birth—are one to three times higher in LMICs than in 
HICs (figure 2). However, these case fatality estimates 
are approximate, as LMIC data are sparse, often 
hospital-based, and might underestimate community 
deaths.

Notably, a growing number of middle-income countries 
are undergoing epidemiological transition—including 
South Africa and Nigeria—marked by a decline in 
maternal cardiovascular mortality, and a burden shifting 
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from rheumatic heart disease to HDP and peripartum 
cardiomyopathy, reflecting both progress in rheumatic 
heart disease management and rising cardiometabolic 
risk.98,99

In HICs, overall maternal mortality from cardiovascular 
disease is low compared with global averages;100 however, 
important challenges remain. The spectrum of 
cardiovascular disease during pregnancy has evolved due 
to two concurrent trends: improved survival of patients 
with congenital heart disease and increasing prevalence 
of acquired cardiovascular disease driven by advanced 
maternal age and cardiometabolic disease, including 
obesity, pre-gestational diabetes, and chronic hypertension 
(figure 2). In this context, cardiovascular disease has 
emerged as the leading cause of maternal death in several 
high-income settings, and in some countries—including 
in the USA—cardiovascular maternal mortality has 
increased over the past two decades.101 Alongside these 
shifts, substantial within-country disparities persist. Both 
in the USA and Europe, women from minority ethnic 
groups or populations have markedly higher rates of 
maternal morbidity and mortality, largely driven by 
cardiovascular disease, compared with White 
women.56,57,90–92 These disparities are not explained by 
biological risk alone but are driven by structural racism 
and adverse social determinants of health, including 
inequitable access to high-quality care, chronic 
psychosocial stress, insurance instability, and delayed 
recognition and treatment of cardiovascular disease and 
associated risk factors.102,103 Alarmingly, maternal 
morbidity and mortality have increased over the past 
two decades in certain populations, a trend that risks 

further amplifying health inequities for both mothers and 
offspring.102,103

Evaluation of high-risk cardiovascular disease 
during pregnancy
The timing of risk assessment for cardiovascular disease 
associated with pregnancy should ideally be before 
pregnancy but should also occur during pregnancy and 
postpartum periods. The most substantial risk factor for 
maternal morbidity and mortality secondary to cardiac 
disease during pregnancy, except for severity of the 
lesion, is undetected disease, or not attending antenatal 
health care.104–107

All pregnant women have the right to antenatal care. 
WHO recommendations on antenatal care include 
important aspects for women with cardiovascular 
disease.108 A minimum of eight visits is recommended 
with the first contact occurring before 12 weeks of 
gestation. At this first visit, screening includes blood 
pressure, full blood count testing, urine culture, history 
of tobacco and substance use, screening for infectious 
disease, and partner violence. Recurrent visits are mainly 
focused on screening for hypertension to timely detect 
pre-eclampsia. Cardiac auscultation is not included and 
midwifery-led care is advocated in settings where this is 
possible. WHO also recommends early ultrasound 
before 24 weeks of gestation to determine gestational 
age, detect fetal anomalies and multiple pregnancies, 
and reduce the need for post-term induction.108

Pregnancy heart team
A woman with chronic cardiovascular disease or a 
pregnancy-induced cardiac condition should be cared 
for by a pregnancy heart team consisting of cardiologists, 
obstetricians or maternal–fetal medicine specialists, 
anaesthesiologists with expertise in cardiac disease in 
pregnancy, pharmacists, genetic counsellors, advanced 
nurse practitioners, nurse navigators, heart failure and 
electrophysiology experts, and other medical experts as 
appropriate (figure 3). Cardiac societies—including the 
European Society of Cardiology, American Heart 
Association, American College of Cardiology, Canadian 
Cardiovascular Society, Alliance for Innovation on 
Maternal Health, Society for Maternal–Fetal Medicine, 
Tamil Nadu Pregnancy and Heart Disease Registry, and 
Japanese Circulation Society—recommend that women 
with cardiovascular disease should receive early, 
coordinated care from a specialised cardio-obstetrics 
team throughout preconception, pregnancy, birth, and 
postpartum.1,14,16,109–119 Regular monitoring, prompt 
recognition of new or worsening symptoms, and 
efficient collaboration among team members are crucial 
to reduce the risk of maternal and fetal complications. 
Although long-term data on maternal and fetal 
outcomes remain limited and prospective studies are 
needed, short-term benefits are well documented for up 
to 1 year postpartum.112,120,121 Data on the effects of a Figure 3: The pregnancy heart team within systems of care
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pregnancy heart team and specific guidance for the 
establishment of such a team from LMICs are lacking. 
Considering the high prevalence of undetected cardiac 
lesions in LMICs, there might even be a higher benefit 
of such coordinated care. In areas with poor access to 
specialised health care, telemedicine and task-shifting 
might be important aspects to consider. These are some 
of the current challenges and opportunities in 
redesigning care models that focus on early recognition, 
screening, and integration of diverse clinicians across 
the maternal care continuum. However, the feasibility, 
effectiveness, and data on improved outcomes remain 
limited to HICs.

There is increasing recognition and implementation of 
integrated cardio-obstetric models of care in high-risk 
pregnancies, aimed at improving maternal and 

pregnancy outcomes.1,13,112,122–128 A recent meta-analysis of 
six observational studies from the USA shows that the 
cardio-obstetrical team-based model was associated with 
improved 30-day readmission rates for pregnant women 
at high risk, but this model did not significantly affect 
mortality.129 Although maternal outcomes were promising 
in the cardio-obstetric care model, the long-term data of 
the integrated care model on outcomes remain to be 
explored.

Risk assessment tools
For women with cardiovascular disease, pregnancy can 
confer substantial morbidity due to the haemodynamic 
and hormonal changes described previously. To support 
counselling and shared decision making, several 
guidelines recommend structured risk assessment 

mWHO (2011, 2018, and 
2025 [mWHO 2·0])

CARPREG I (2001) CARPREG II (2019) ZAHARA (2010) DEVI (2020)

When Pre-pregnancy; all trimesters Pre-pregnancy; all trimesters All trimesters Pre-pregnancy; all trimesters Pre-pregnancy; all trimesters

Population All cardiovascular diseases All cardiovascular diseases All cardiovascular diseases Congenital heart disease Valvular disease

Predictors Cardiac diagnosis, divided 
into classes 1–4 with 
increasing severity

Four predictors (1 point for 
each; scoring of 0, 1, and >1): 
previous cardiac event or 
arrythmia, NYHA >2, left-
ventricular outflow 
obstruction, and systemic 
ventricular dysfunction

Ten predictors (different points by 
severity; scoring of 0 to >4): late 
pregnancy assessment, no previous 
cardiac intervention, high-risk 
aortopathy, coronary artery 
disease, pulmonary hypertension, 
high-risk left-sided valve disease or 
obstruction, ventricular 
dysfunction, mechanical valve, 
baseline NYHA 3–4, and previous 
cardiac events or arrythmias

Ten predictors (points by 
severity; scoring 0–13): maternal 
age, history of arrythmias, 
cardiac medication before 
pregnancy, NYHA >2, left-
ventricular outflow obstruction, 
left-ventricular dysfunction, 
moderate-to-severe 
atrioventricular valve 
regurgitation, moderate-to-
severe pulmonary valve 
regurgitation, mechanical valve, 
and cyanotic heart disease

Seven predictors (points by 
severity; scoring 0–12): 
previous cardiovascular event, 
pulmonary hypertension, 
taking cardiac medication (–1), 
severe mitral stenosis, 
moderate mitral stenosis, mild 
mitral stenosis, and prosthetic 
heart valve 

Outcomes Maternal morbidity and 
mortality

Cardiac-specific outcomes, 
most commonly pulmonary 
oedema and cardiac 
arrythmias

Cardiac-specific outcomes, most 
commonly arrythmias and left-
sided heart failure

Cardiac, obstetric, and neonatal 
outcomes; prediction only 
possible for cardiac outcomes

Cardiac-specific outcomes, 
including heart failure, 
arrythmias, and pulmonary 
oedema 

Predictive accuracy 
development cohort

NA; developed through 
expert consensus

546 women; AUC 0·79 
(95% CI 0·71–0·87)

1938 women; AUC 0·78 (95% CI 
0·73–0·83)

1302 women; AUC 0·76 (no 
95% CI presented)

681 women; AUC 0·80 (95% CI 
0·76–0·85) 

Predictive accuracy 
external validation

AUC 0·78,130 0·77,131 and 
0·68;132 LMICs: 0·7954 and 
0·74133

AUC 0·57,131 0·69,132 and 0·71134 AUC 0·85;130 LMICs: 0·8178 AUC 0·86,130 0·71,131 0·81,78 and 
0·73;132 LMICs: 0·77133

AUC 0·8878 and 0·75;134 
LMICs: 0·8878 

Absolute risk Class 1: 3–10%; class 2: 
8–22%; class 2–3: 13–18%; 
class 3: 21–29%; class 4: 
36–50%53,135

Risk index 0: 5%; risk index 1: 
27%; risk index >1: 75%136

Risk index 0–1: 3–5%; risk index 2: 
7–10%; risk index 3: 15–16%; risk 
index 4: 22–25%; risk index >4: 
41–45%53

Risk score 0–0·50: 2·9%; risk 
score 0·51–1·50: 7·5%; risk score 
1·51–2·50: 17·5%; risk score 
2·51–3·50: 43·1%; risk score 
>3·51: 70·0%53,137

Multivariable model with cutoff 
at 20% probability and false 
positive rate of 12%; in the 
cohort, 15% of women had one 
or more outcomes138

Endorsed by European Society of 
Cardiology, Society of 
Maternal–Fetal Medicine and 
American College of 
Cardiology/American Heart 
Association, and American 
College of Obstetrics and 
Gynecology

NS Society for Maternal–Fetal 
Medicine and American College of 
Cardiology/American Heart 
Association

NS NS

Classification of heart disease to predict complications in pregnancy. AUC describes the capability of a model to distinguish between classes (eg, positive vs negative) across all classification thresholds. AUC >0·7 
illlustrates moderate predictive performance, AUC >0·8 describes good predictive performance, and AUC >0·9 excellent predictive performance. Absolute risks describe the percentage risk in a specific risk class in 
the respective models for the outcome. AUC=area under the curve. CARPREG=Cardiac Disease in Pregnancy. DEVI=Events in Valvular Rheumatic Heart Disease in Pregnancy. LMIC=low-income and middle-income 
countries. mWHO=modified updated WHO classification. NS=not specified. NYHA=New York Heart Association. ZAHARA=Zwangerschap bij Aangeboren Hartafwijkingen.

Table: Cardiovascular risk scores to predict maternal complications during pregnancy 
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using tools such as the modified updated WHO 
(mWHO) classification 2·0 and risk indices including 
Cardiac Disease in Pregnancy II (CARPREG II), 
Zwangerschap bij Aangeboren Hartafwijkingen 
(ZAHARA), and Events in Valvular Rheumatic Heart 
Disease in Pregnancy (DEVI; table).16,53,136,138 Although 
these tools predict adverse cardiac events and help 
identify patients who should be managed by a 
multidisciplinary pregnancy heart team, the degree to 
which risk score-guided care independently improves 
outcomes is less certain. Most evidence is observational 
and confounded by referral and care-model 
differences.10,53,114,139 Additionally, rare but very high-risk 
substrates (eg, Eisenmenger syndrome and mechanical 
heart valves) are uncommon and often require 
individualised planning in expert centres.

Of the risk assessment tools described previously, 
ZAHARA is specifically developed for women with 
congenital heart disease and DEVI for valvular heart 
disease. All tools are useful for predicting maternal 
cardiac adverse events but are not used for predicting 
obstetric, fetal, or neonatal outcomes.140 The most 
widely used tool for pre-pregnancy risk stratification in 
women with cardiovascular disease is the mWHO 
classification 2·0 from the European Society of 
Cardiology.16

The majority of the risk-scoring systems have been 
externally validated, primarily in high-income settings.116 
For the mWHO classification, the predictive accuracy as 
area under the curve (AUC) has been reported to be 
between 0·68 and 0·79.65,117–119 The corresponding AUCs 
are 0·57–0·71 for CARPREG I131–134 and 0·81–0·85 for 
CARPREG II.78,130 For the ZAHARA risk score for women 
with congenital heart disease, the AUC has been 
validated between 0·71 and 0·86,78,131,132 and for DEVI (for 
valvular disease), external validation studies have 
reported values between 0·75 and 0·88 including 
validation in LMICs.78,134

In addition to these risk assessments, an exercise test 
and cardiac biomarkers including NT-proBNP can be 
informative as a screening test for cardiac function, 
particularly for women with increased risk such as those 
with previous peripartum cardiomyopathy or radiation 
treatment.109,141,142

Implementation of cardiovascular disease 
assessment and evaluation
Evidence-based guidelines emphasise preconception 
counselling, risk stratification, birth planning, and 
longitudinal care (figure 4). The use of standardised 
checklists and care bundles help facilitate expeditious 
triage and evaluation. The Alliance for Innovation in 
Maternal Health has implemented cardio-obstetric care 
bundles and toolkits across multiple state teams 
and hospital systems in the USA.115 These bundles 
promote coordinated condition-specific or event-specific 
responses to support respectful and equitable care to 
women with cardiovascular disease during pregnancy 
and postpartum in a variety of care settings,115 and are in 
the process of being incorporated along with other 
evidence-based practices through state Perinatal Quality 
Collaboratives.143 Crucial knowledge gaps also persist 
regarding international care bundle implementation, 
effectiveness, and adaptation to different health-care 
systems and resource settings. Supporting basic health-
care infrastructure and training community health-care 
workers to deliver cardiovascular and obstetric care 
alongside nurses, rather than replicating high-resource 
models, can strengthen frontline health systems in low-
resource environments.144 Establishing referral networks 
for complex cases to tertiary centres along with hub-
and-spoke or hybrid health-care delivery models can aid 
in expanding coverage when medical specialist 

Pre-pregnancy (preconception)
• Assess cardiovascular history and risk factors

(obesity, chronic hypertension, diabetes, smoking,
dyslipidaemia, venous thromboembolism,
established cardiovascular disease, previous APOs,
and advanced maternal age)

• Pregnancy risk scoring based on cardiovascular
disease diagnosis

• Evaluate functional status and symptoms
• Optimise underlying medical conditions and

lifestyle
• Review and adjust medications (discontinue

teratogens)
• Baseline tests and genetic counselling as indicated
• Counsel on risks, future pregnancies, and long-term

heart health

Care goals
Optimise maternal
cardiovascular health,
prevent complications,
and improve long-term
health for women and
their families

Early pregnancy (first trimester/intake)
• Multidisciplinary assessment by the pregnancy

heart team
• Baseline evaluation (ie, blood pressure, laboratory

tests, ECG, and TTE if indicated)
• Risk scoring based on cardiovascular disease

diagnosis (ie, mWHO, CARPREG II, ZAHARA, and
DEVI)

• Risk assessment for pre-eclampsia and initiate
aspirin prophylaxis if indicated

• Screening for venous thromboembolism risk
factors and initiate anticoagulation if indicated

• Develop individualised care plan and follow-up
schedule

Postpartum (from birth to 1 year)
• Early blood pressure check (72 h and 7–10 days)
• Monitor for heart failure, persistent hypertension,

arrhythmias, and other complications
• Repeat imaging in established cardiovascular

disease based on diagnosis
• Optimise medications with consideration for

breastfeeding
• Counsel on future pregnancy risks
• Transition to long-term cardiovascular care and risk

factor modification

Throughout pregnancy
• Ongoing multidisciplinary care and risk assessment

for heart failure, arrhythmias, and worsening
cardiovascular disease with frequency adjusted to
risk

• Screen for APOs (gestational diabetes, hypertensive
disorders of pregnancy, fetal growth restriction,
preterm birth, etc) according to local protocols and
patient risk

• Plan timing, location, and mode of delivery
• Educate on warning signs and when to seek care

Health system priorities
• Standardise assessments and pathways
• Team-based cardio-obstetric care
• Early recognition and management of warning signs
• Remote monitoring and patient engagement
• Document APOs as future cardiovascular disease 
risk enhancers

Maternal warning signs
• Severe headache or vision changes
• Shortness of breath; orthopnea
• Chest pain or pressure
• Rapid swelling or weight gain
• Palpitations or syncope
• Severe abdominal pain

Figure 4: Cardiovascular care through every stage
APOs=adverse pregnancy outcomes. CARPREG II=Cardiac Disease in Pregnancy II. DEVI=Events in Valvular 
Rheumatic Heart Disease in Pregnancy. ECG=electrocardiogram. mWHO=modified updated WHO classification 2.0. 
TTE=transthoracic echocardiography. ZAHARA=Zwangerschap bij Aangeboren Hartafwijkingen. 
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availability is limited such as in rural communities and 
LMICs.145–147

Recent guidance from the USA has suggested the 
implementation of a screening protocol for all pregnant 
and postpartum women for early detection of 
cardiovascular disease.116 The protocol includes patient-
reported symptoms, vital signs, risk factors, and physical 
examination findings that help distinguish between the 
normal physiological and haemodynamic changes of 
pregnancy versus cardiovascular disease. Any abnormal 
physical examination finding, such as a loud heart 
murmur or basilar crackles on lung auscultation, should 
result in further clinical investigation regardless of 
elements from other categories. For the remaining 
three categories, any woman with one or more symptoms, 
vital signs, or risk factors from each category or four or 
more findings irrespective of category should be offered 
further investigation.116 This approach has only been 
evaluated for feasibility and not outcomes.148

Due to the lack of a validated protocol for diagnostic 
testing and management for pregnant women with 
existing cardiovascular disease, the Standardized 
Outcomes in Reproductive Cardiovascular Care initiative 
was developed.149 77% of women with cardiovascular 
disease in the initial cohort had congenital heart disease. 
The protocol includes detailed cardiac and obstetric data 
collection throughout the phases of pregnancy by which 
patients are risk-stratified by a colour-coded system, 
which successfully predicted adverse outcomes. The 
strength of this approach is rooted in its systematic and 
multidisciplinary risk assessment;150 however, it has yet to 
be externally validated.

Throughout the course of pregnancy, women with 
known cardiovascular disease need to be re-assessed 
using appropriate screening methods. These can include, 
but are not limited to, blood pressure monitoring, 
echocardiography (which is most important around 
20–24 weeks of gestation after plasma expansion), 
Holter monitoring, cardiac stress test, and biochemical 
tests such as NT-proBNP with individualised 
frequency.10,13,16,21,151,152 Cardiac MRI to assess aortopathies 
and cardiomyopathies might be recommended in some 
cases.151,153,154 To detect fetal growth restriction, repeated 
obstetric ultrasound investigations are indicated, 
normally starting at 24 weeks of gestation and repeated 
every fourth week. This is particularly important for 
women at increased risk of fetal growth restriction such 
as cyanotic heart disease, heart failure with reduced 
ejection fraction, and chronic hypertension.155–157 β-blocker 
exposure has been associated with an infant being small 
for gestational age (SGA) in some observational studies, 
with risk varying by agent, dose, and underlying 
indication. Atenolol shows the most consistent association 
and is recommended against by European Society of 
Cardiology guidelines and the US Food & Drug 
Administration.22,158–162 Notably, the effect of β-blockers on 
an infant being SGA might be confounded by the severity 

of underlying maternal cardiovascular disease and 
haemodynamic status. The use of β-blockers, when 
clinically indicated, should not be discouraged and are 
considered safe in pregnancy.163

International guidelines emphasise that women with 
pre-existing severe cardiovascular disease at very high 
risk of maternal morbidity or mortality (based on the 
previously discussed risk-stratification tools) should be 
counselled to avoid pregnancy, with strong recom
mendations for reliable contraception and preconception 
planning.10,53,164–166 If pregnancy occurs, early multi
disciplinary counselling with a pregnancy heart team is 
advised, including discussion of the substantial maternal 
and fetal risks and the option of pregnancy termination 
in accordance with local laws and patient preferences, as 
part of shared decision making.10,14 Care in this context 
should be delivered with careful attention to cultural and 
family dynamics, recognising that beliefs, family, and 
social context can substantially shape decision making 
and must be respectfully integrated into counselling.13,164

Indications to screen offspring for congenital heart 
disease
For women with congenital heart disease, several 
societies such as the European Society of Cardiology 
recommend routine fetal echocardiography after 
18–22 weeks of gestation.16 Fetal echocardiography, 
irrespective of findings on the routine second trimester 
scan, might also be indicated in other populations in 
whom the risk for fetal heart disease exceeds 1%.91,92

Most countries recommend a universal second 
trimester ultrasound screening after 18–22 weeks of 
gestation by sonographers, specially trained midwives, 
or obstetricians as a part of the antenatal health-care 
programme.167–169 After the introduction of the five-view 
screening approach, this ultrasound screening has 
improved the detection rate of fetal congenital heart 
disease.91,170 The additional value of fetal echo
cardiography for detection of congenital heart disease 
varies depending on the quality of the obstetric second 
trimester ultrasound and there are no studies 
comparing a routine scan-only programme against a 
routine scan plus fetal echocardiography programme. 
More severe lesions such as single-ventricle defects 
have a higher detection rate, while transposition and 
coarctation have the lowest detection rates antenatally. 
In a population-based study from Sweden, the overall 
detection rate on a routine ultrasound scan was 56%, 
with rates varying from 9% to 82% depending on the 
lesion.171 Single studies have found higher detection 
rates for cardiac lesions in settings where fetal 
echocardiography is performed, with increased 
detection rates ranging from 68% to 95%, although this 
might also reflect the underlying incidence in the 
population at high risk screened by fetal 
echocardiogram.172 The International Society of 
Ultrasound in Obstetrics and Gynecology and the 



Series

www.thelancet.com   Published online August 30, 2026   https://doi.org/10.1016/S0140-6736(26)01234-112

American Society of Echocardiography recommend 
that abnormal findings on the routine ultrasound scans 
should always be followed by fetal echocardiography to 
confirm or refute the presence of a cardiac anomaly.90,91

Genetic counselling 
Over the past several years, our understanding of genetics 
in cardiovascular disease has evolved due to techniques 
such as whole-genome sequencing. Heritable conditions 
vary from 100% penetrance, such as in rare Mendelian 
variants, in which the mutation is uncommon, to more 
commonly occurring genetic variants with fewer 
implications on disease.173 For several cardiovascular 
diseases, aortopathies, channelopathies, thromboembolic 
disease, and congenital heart disease, genetic screening 
of prospective parents is now widely recommended.

For aortopathies including Marfan’s syndrome, Loyes–
Dietz syndrome, and vascular Ehler–Danlos syndrome, 
heredity is autosomal dominant, translating to a 
transmission risk of 50%.174 For arrhythmic disorders, 
genetic counselling and testing are recommended in 
diseases such as long QT syndrome, catecholaminergic 
polymorphic ventricular tachycardia, and Brugada’s 
disease. For cardiomyopathies, genetic counselling and 
testing, including cascade testing for first-degree relatives, 
are recommended in hypertrophic cardiomyopathy, 
dilated cardiomyopathy, and arrhythmogenic cardio
myopathy.175–177 Recent studies suggest that peripartum 
cardiomyopathy might share common pathophysiology 
with dilated cardiomyopathy, and therefore genetic 
counselling and cascade testing are recommended in 
these patients even in the absence of family history.65,178 
One study of 469 patients with peripartum cardiomyopathy 
showed a considerable genetic overlap with dilated 
cardiomyopathy, and in 15% of women with peripartum 
cardiomyopathy, several gene variations in genes 
associated with non-ischaemic cardiomyopathies have 
been identified.175–179 For congenital heart disease, genetic 
counselling is recommended for most couples but only 
for syndromic and familial congenital heart disease.173

For couples with a known heritable cardiovascular 
disorder, genetic testing for the fetus might be indicated. 
To correctly interpret the risk and importance for 
management, it is recommended that pre-implantation 
genetic testing is performed in specialised cardiogenetic 
centres or by teams with a corresponding multi
disciplinary structure.180–182 The interpretation of genetic 
results includes clinical implication, counselling around 
transmission risk and sequence variant interpretation. All 
women and couples with a known monogenic or 
chromosomal abnormality should be offered genetic 
counselling if available. To access pre-implantation 
testing, the couple must undergo in-vitro fertilisation. 
Other options for early genetic testing are chorionic villi 
biopsy in the first trimester or amniocentesis in the 
second trimester.174 These types of invasive testing carry a 
small (<0·5%) risk of miscarriage.183

Conclusion
The Cardiovascular Disease in Pregnancy Writing Group 
recognises certain challenges and opportunities in 
addressing maternal cardiovascular disease. Despite 
advances in risk stratification and multidisciplinary care, 
substantial knowledge gaps and implementation 
challenges continue to limit progress in maternal 
cardiovascular health worldwide. A substantial 
proportion of pregnancy-related cardiovascular 
complications—and up to a quarter of maternal deaths—
might be preventable through earlier risk identification 
and improved multidisciplinary management of 
cardiovascular disease.13,184 Closing this gap requires a 
dual agenda: generating stronger evidence to define risk 
and effective interventions, and translating that evidence 
into equitable, system-level action across diverse care 
settings.

At an individual level, engaging in preventive care, 
preconception risk stratification, and contraception 
counselling is essential. At the health-system level, 
strengthening workforce training, including dedicated 
cardio-obstetrics programmes, alongside quality 
improvement systems and equitable access to diagnostics 
and therapies, is crucial to reducing fragmentation and 
delayed recognition.185 In addition, digital health and 
telemedicine innovations, including the use of machine-
learning algorithms for early prediction and detection of 
decompensation, offer important opportunities for 
improving maternal and fetal outcomes. At the 
population and policy levels, building trust and engaging 
under-represented communities in research, 
strengthening data analytics in maternal surveillance 
systems, and increasing research funding and regulatory 
support are also key opportunities.

In this Series paper, we have presented a comprehensive 
framework for addressing high-risk cardiovascular 
disease during pregnancy across diverse global contexts. 
By highlighting key conditions that shape maternal and 
fetal health outcomes, summarising pregnancy-induced 
haemodynamic and physiological changes that might 
precipitate clinical decompensation, evaluating available 
evidence-based screening and risk-stratification tools, 
and emphasising multidisciplinary, patient-centred 
models of care, we aim to support clinicians in the 
longitudinal care of women with pre-existing 
cardiovascular disease.
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