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Abstract 

This narrative review emphasizes the critical need for cardio-obstetrics subspecialties, structured training, 

specialized units, and clinics to combat the alarmingly high global rates of maternal cardiovascular (CV) morbidity 

and mortality. CV diseases are a leading cause of pregnancy-related deaths, posing significant risks to both mother 

and foetus. Conditions like peripartum cardiomyopathy, hypertensive disorders of pregnancy, congenital and 

valvular heart disease, venous thromboembolism, and pregnancy-related myocardial infarction contribute to poor 

maternal and foetal outcomes.  

The prevalence of maternal cardiovascular disease is escalating, particularly in low and middle-income countries 

(LMICs) due to rising traditional risk factors, potentially exacerbated by poverty and undernutrition. Despite this, 

concrete action plans, especially in LMICs, are lacking, resulting in high healthcare costs and dismal prognoses. In 

this regard, a coordinated multidisciplinary approach integrating cardiology, obstetrics, and related specialties is 

crucial.  

This review article calls for urgent establishment of cardio-obstetrics subspecialties, structured training programs, 

units, and clinics. These initiatives can revolutionize maternal CV health through preventive measures, treatment 

strategies, monitoring, counselling, and research. Such comprehensive care has the potential to significantly reduce 

the global burden of maternal CV disease, morbidity, mortality, and adverse foetal outcomes. 

Keywords: Cardio-obstetrics; cardiovascular physiology in pregnancy; maternal cardiovascular disease; maternal 

death; pregnancy-related death 
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Introduction 

 
Figure 1: Depicting Cardio-Obstetrics Connection as Maternal Heart (left side) and Pregnancy with Foetus (Right side)  

The above illustration depicts graphical abstract of cardio-obstetrics 

interactions as maternal heart-pregnancy-fetus [1]. Co-occurring 

cardiovascular disease and pregnancy is an exciting pathophysiological 

interaction that has led to the creation of new and evolving medical field 

cardio-obstetrics that is dedicated to caring for pregnant women with 

cardiovascular (CV) disease for improve maternal CV health and fetal 

outcome. This field comprises of cardiologists, obstetricians, and other 

relevant health care professionals.  Pregnancy and the postpartum period 

introduce unique physiological changes that can unmask or exacerbate 

underlying cardiovascular diseases. The management of these co-

occurring complex conditions requires specialized expertise that spans 

obstetrics, cardiology and related subspecialties. However, the current 

healthcare system often fails to provide this integrated care, leading to 

dismal outcomes for mothers and their babies especially in LMICs. The 

establishment of dedicated cardio-obstetrics subspecialty training 

program, units, and clinics has the potential to transform the landscape of 

maternal cardiovascular health. These specialized field, units and clinics 

would bring together obstetricians, cardiologists, feto-maternal medicine 

specialists, and other related healthcare providers to provide 

comprehensive and coordinated cardio-obstetrics care for women with 

established or suspected cardiovascular disease during pregnancy and the 

postpartum period. The presence of CV disease in pregnancy causes 

impaired quality of life, morbidity and death among childbearing women 

of HICs and LMICs [2,3,4,5,6], and their co-occurrence share complex 

bidirectional relationship [7], with dismal prognosis if not promptly 

identified and managed appropriately. The prevalence of maternal 

cardiovascular (CV) disease is increasing globally, driven by factors such 

as traditional cardiovascular risks, sex-specific cardiovascular risk factors 

[2,3], and poverty, and maternal undernutrition in LMICs. Despite this 

alarming trend, there is a lack of a concrete plan to address this public 

health threat, which leads to significant healthcare costs and poor 

outcomes, especially in LMICs. Health professionals, including 

cardiologists and obstetricians, are increasingly concerned about the rising 

incidence of maternal CV disease and related deaths in both high-income 

(HIC) and LMICs [2]. Many of these cases are preventable through 

effective measures during preconception, pregnancy, postpartum and 

beyond. Health care providers hold significant responsibility for delivering 

appropriate care to pregnant women with cardiovascular (CV) disease 

[2,3]. To effectively manage maternal CV conditions, professionals need 

a strong foundation in clinical knowledge, skills, and research related to 

cardio-obstetrics. This expertise can greatly impact the quality of life for 

these women and may be critical in life-and-death situations. Additionally, 

the field of cardio-obstetrics is evolving, and may be influenced by factors 

such as clinical observations, research developments, the complexities of 

feto-maternal care, healthcare delivery systems, and socio-economic and 

technological changes. The experiences and needs of pregnant women 

with CV disease also play a crucial role in shaping cardio-obstetrics care 

practices. In clinical practice, we noted that awareness of cardio-obstetrics 

among healthcare professionals, the public, health care administrators, 

policymakers, researchers, funders, and pregnant women with 

cardiovascular disease appears to be significantly low. Additionally, there 

is a concerning lack of healthcare practitioners who possess a solid 

understanding of cardio-obstetrics principles, which is insufficient to 

address the needs of pregnant women with cardiovascular diseases. To 

improve the quality of care in cardio-obstetrics and reduce maternal 

cardiovascular disease, as well as the associated economic burden, 

morbidity, and mortality, it is crucial for cardiologists, obstetricians, 

healthcare administrators, policymakers, midwives, nurses, and other 

relevant specialists to enhance their knowledge in this field. Achieving this 

requires a larger number of healthcare professionals equipped with 

adequate clinical knowledge, skills, competence, and a research-oriented 

approach to cardio-obstetrics. This review article provides a 

comprehensive overview of cardio-obstetrics, focusing on its 

fundamentals, related pathologies, maternal cardiovascular mortality, and 

risk stratification. The aim is to enhance clinician knowledge and advocate 

for the development of cardio-obstetrics, structured training programs, 

specialized units, and clinics in both HICs and LMICs. By doing so, it 

seeks to reduce the global burden of maternal cardiovascular diseases, as 

well as related morbidity, mortality, and adverse fetal outcomes. 
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Methods 

A comprehensive literature search was carried out on cardio-obstetrics in 

the data bases of Google Scholar, PubMed, Medline and Scopus. The use 

of search terms cardio-obstetrics, pregnancy heart team, physiological 

changes in pregnancy, cardiovascular diseases in pregnancy, 

cardiovascular risk stratification in pregnancy, maternal/pregnancy related 

CV morbidity and mortality were all analyzed. Abstracts and power-point 

presentation on cardio-obstetrics were also reviewed. Furthermore, full 

text of published papers and bibliographies of selected pertinent studies 

were thoroughly analyzed. All were analyzed and relevant information 

extracted 

Review 

Basics Cardio-obstetrics  

Cardiovascular physiological changes during pregnancy 

Pregnancy is associated with significant adaptive cardiovascular 

physiological changes to meet the increased metabolic demands of the 

mother and maintain adequate utero-placental circulation for fetal growth 

and development [8]. These adaptative changes begin early in pregnancy 

and continue throughout gestation. Increase in blood volume is among the 

earliest cardiovascular adaptive changes in pregnancy and by the end of 

the first trimester, blood volume has increased by about 45% [8]. This 

increased blood volume is achieved through increases in both plasma 

volume and red blood cell mass [8]. This adaptive increase is necessary for 

the provision of adequate blood flow to the uterus and placenta [8]. 

Correspondingly to the increase in blood volume, cardiac output also rises 

steadily throughout pregnancy, increasing by 30-50% by the end of the 

third trimester [9]. This is primarily achieved through an increase in stroke 

volume, as heart rate only increases modestly (10-20 bpm) [10]. The 

increase in cardiac output ensures sufficient blood flow to the uterus and 

other maternal organs [8,9,10]. In addition, systemic vascular resistance 

decreases by 20-30% during pregnancy [9]. This vasodilation is thought to 

be mediated by hormonal and mechanical factors, including increased 

levels of estrogen, progesterone, and local vasodilators like nitric oxide 

[10]. The decrease in vascular resistance offsets the increase in cardiac 

output, helping to maintain relatively stable blood pressure levels during 

pregnancy. Other notable cardiovascular changes in pregnancy include: (1) 

Decreased blood pressure, especially in the second trimester [11]; (2) 

Increased heart size and left ventricular mass [12]; (3) Increased venous 

capacitance and venous return [9]. These afore-mentioned adaptative 

physiological changes ensure adequate perfusion of the uteroplacental unit 

while also meeting the increased metabolic needs of the mother. Therefore, 

having very good understanding of the normal cardiovascular 

physiological changes in pregnancy is crucial to cardiologist, obstetricians 

and other related clinicians for identifying and managing cardiovascular 

complications that can arise during pregnancy and beyond. 

Normal cardiovascular symptoms in pregnancy  

Pregnancy induces significant adaptive physiological changes in a 

pregnant woman's cardiovascular system to meet her metabolic demand 

and that of developing fetus [8,9,10]. These adaptations often result in the 

experience of various cardiovascular symptoms that are considered normal 

during pregnancy. Therefore, understanding the spectrum of these typical 

cardiovascular changes and symptoms is important for clinicians to 

differentiate them from potential pathological conditions. Increased resting 

heart rate is one of the most common cardiovascular symptoms 

experienced by pregnant women [10,13]. Maternal heart rate can rise by 

10-20 beats per minute due to the increased metabolic demands of 

pregnancy and the activation of the sympathetic nervous system [13]. This 

elevated heart rate is a normal adaptation and does not necessarily indicate 

an underlying disease. Pregnant women may also experience palpitations 

that are often benign and can be attributed to the increased cardiac output 

and sensitivity of the cardiovascular system during pregnancy [14]. 

However, persistent or worsening palpitations should be evaluated to rule 

out cardiac arrhythmias. 

Orthostatic hypotension is another common symptom observed in 

pregnancy. This is caused by blood pooling in the lower extremities due to 

decreased vascular resistance and venous return associated with pregnancy 

[15]. Orthostatic hypotension is usually benign condition but in rare 

occasion may lead to dizziness, light-headedness, or fainting. Legs 

swelling, is another common symptom observed in pregnancy resulting 

from increased fluid retention and reduced venous return manifesting as 

bilateral pitting pedal edema especially in the lower extremities [16]. 

However, when the edema is excessive or unusual, may indicate 

underlying diseases such as preeclampsia, heart failure, peripartum 

cardiomyopathy, kidney diseases or chronic liver disease in pregnancy and 

if the swelling is unilateral with associated dyspnea, chest pain and 

tachypnea suspect venous thromboembolism. Other rare normal CV 

symptoms in pregnancy include dyspnoea on exertion, easy fatiguability 

and chest pain [17]. In summary, these afore-mentioned normal CV 

symptoms, are usually observed in pregnancy. Therefore, clinicians should 

be aware of these typical adaptative symptoms to avoid unnecessary 

treatment interventions and provide appropriate reassurance to pregnant 

women. 

Normal cardiovascular physical examinations findings in pregnancy  

Understanding the normal cardiovascular physical examination findings in 

pregnancy is essential for clinicians to accurately assess and monitor 

pregnant women. Tachycardia is very common in pregnancy and usually 

result from hormonal changes in pregnancy, physiological anemia and 

high output state [18]. Precordial palpation may reveal a laterally displaced 

and hyperdynamic apical impulse [19]. Cardiovascular auscultation may 

reveal loud first heart sound (S1) usually results from high output state and 

physiological anemia, while its exaggerated splitting result from early 

mitral valve closure [18]. Benign (physiological) ejection systolic flow 

murmur in about 90% of normal pregnancy, most often heard at the left 

sternal border [19].   Other rare murmurs in pregnancy include mammary 

Souffle a benign soft blowing, high-pitched systolic murmur of grade 1 to 

2/6, and usually softer in upright position and best heard over the breast in 

young pregnant or lactating mother. Rare atrioventricular diastolic flow 

murmur is also observed in about 20% of normal pregnancy [18,20]. 

However, if present requires thorough evaluation to ensure is not organic 

murmur. Another rare auscultatory finding in pregnancy is venous hum 

[18,20]. Jugular venous distension may be observed, especially in the third 

trimester [19]. Pitting pedal edema, is common in pregnancy [19]. 

Pregnancy-induced cardiovascular physical examination findings are 

important to recognize during the physical examination of pregnant 

women. Clinicians should be familiar with the normal cardiovascular 

examination findings to distinguish them from potential pathological 

states. 

Electrocardiographic changes in pregnancy 

Pregnancy is a physiological state that is associated with significant 

alterations in the electrocardiogram (ECG). Understanding these ECG 

changes by the cardio-obstetrics specialist is important for the proper 

interpretation of ECG findings in pregnant women. The borderline 

electrocardiographic changes commonly observed in pregnancy include: 

Tachycardia with slight shortening of PR and QT interval [21,22], minor 

left or right QRS axis deviation due to rotation of the heart from elevated 

diaphragm from enlarging gravid uterus [23]. Additional changes observed 

in pregnancy include physiological Q wave in the inferior leads, non-

specific ST-segment and T-wave changes most commonly observed in the 

left precordial leads [21]. Rare but abnormal ECG abnormalities in 

pregnancy include conduction abnormalities resulting from heart 

chambers dilation especially left atrial enlargement, supraventricular 

tachycardias (SVTs), and atrial/ventricular premature complexes [21] 

which, if persistent and associated with symptoms, require further 

evaluation and treatment. 
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Figure 2: Showing Basics Cardio-obstetrics the normal physiological changes in pregnancy, symptoms, physical examination findings and 

electrocardiographic findings. 

Cardio-obstetrics pathologies  

Cardiovascular diseases (CVDs) in pregnancy are an important public 

health problem, as they are a leading cause of maternal and pregnancy-

related morbidity and mortality worldwide [24]. The major risk factors that 

increase the chance of pregnant or childbearing women to develop 

cardiovascular diseases in pre-pregnancy, pregnancy and puerperium 

include: Hypertension obesity, diabetes mellitus, hyperlipidemia, pre-

existing heart disease, metabolic syndrome, myocarditis, poverty, family 

history of heart disease, substance/drug abuse, smoking, connective tissue 

disease alcohol abuse and sedentary lifestyle [2,3]. Some maternal CV 

diseases present with diagnostic and treatment challenges, poor quality of 

life, high health care expenditure, with significant morbidity and mortality 

rates [2,3]. Furthermore, some cardiovascular diseases in pregnancy 

requires prompt recognition, screening, preventive strategies, health 

education promotion, CV risk stratification, and appropriate treatment 

intervention, especially by the cardio-obstetrics specialist, thus resulting in 

better feto-maternal outcome, and reduce cardiovascular disease burden in 

pregnancy [2,3]. Despite afore-going observations majority of maternal 

CV diseases are preventable with early detection and appropriate treatment 

interventions. Cardiovascular disease (CVD) in pregnancy is defined as a 

spectrum of congenital or acquired cardiovascular pathologies and cardiac 

arrhythmic disorders in pregnancy. These spectrum of CVDs in pregnancy 

includes both pre-existing conditions as well as those that arise during the 

gestational period. Understanding this spectrum is crucial for providing 

appropriate risk assessment, management, and monitoring of pregnant 

women with cardiovascular disease and complications.  

The pre-existing CV disease in pregnancy include 

Valvular heart disease in Pregnancy 

Valvular heart disease (VHD) is a common cause of heart disease in 

pregnancy [25]. Pregnancy-induced hemodynamic changes [26], worsen 

valvular heart disease symptoms in pregnancy resulting in events such as 

decompensated heart failure, increased risk of arterial/venous 

thromboembolic events and life-threatening arrythmias all these pose 

diagnostic and treatment challenges to clinicians, especially in a resource 

constrained setting resulting in adverse feto-maternal outcome if not 

promptly identified and managed appropriately. In HICs, congenital heart 

disease is the leading cause of VHD in pregnancy [27], in contrast to 

LMICs, where rheumatic heart disease is still the leading cause of VHD in 

pregnancy [27]. Pregnancy is well tolerated in regurgitant valvular heart 

disease in contrast to stenotic valvular heart disease [28]. 

Congenital heart disease in pregnancy  

Pregnant women with underlying congenital heart disease (CHD) are at 

increased risk of heart failure, acute pulmonary edema, symptomatic 

arrythmias, stroke and death triggered by failure of the cardiovascular 

system to adapt to physiological changes necessary to meet feto-maternal 

homeostatic and metabolic demands to maintain utero-placental 

circulation for fetal growth and development [29]. The risk, clinical 

presentation and outcome of pregnant women with CHD depend on the 

current hemodynamic status, lesion morphology, previous interventions, 

lesion associated cardiac structural changes, early identifications, cardio-

obstetrics care, and health care financing [29]. Additional pre-existing CV 

disease in pregnancy include heart failure, cerebrovascular disease (stroke) 

and peripheral arterial disease (PAD) Preexisting CV diseases can 

significantly impact the course and outcomes of pregnancy, with increased 

risks of heart failure, arrhythmias, and maternal-fetal complications 

[2,3,29]. This groups of patients require thorough history-taking, 

meticulous physical examination, relevant focused investigations, risk 

stratification, counselling, close monitoring, optimization of cardiac status, 

appropriate treatment interventions. and multidisciplinary management are 

essential for these high-risk pregnancies. While pregnancy-induced 

cardiovascular diseases are spectrum of diseases that arise or unmasked 

during pregnancy this include:  
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Peripartum cardiomyopathy   

Peripartum cardiomyopathy (PPCM) is a pregnancy related heart muscle 

disease. Globally, PPCM has ethnic and geographical variation in 

incidence and outcomes [30]. It appears to be a growing maternal health 

problem with myriads of challenges, especially in north-western Nigeria, 

which is the “hunting ground’’ of this disease worldwide [30]. In this part 

of the world, PPCM appears to be a disease of poverty, resulting in 

significant re-hospitalization, health care cost, morbidity, and mortality 

rates [30]. Given these observations, PPCM in this region of sub-Saharan 

Africa, requires focused attention, disease awareness, prompts recognition 

and accessibility to appropriate guideline directed medical therapy to avert 

its devastating clinical consequences [30]. Regardless of these 

observations, it seems there is no concrete actionable plan to address this 

maternal health problem in sub-Saharan Africa in the near future. 

Clinically PPCM presents as heart failure (HF) syndrome in the last month 

of pregnancy or within 5-6 month or beyond of childbirth with a higher 

risk of cardiovascular events such as venous and systemic thrombo-

embolism, atrial and ventricular arrhythmias and sudden cardiac death. 

The understanding of this disease continues to develop in the last 5 

decades, and the paradigms use for understanding this disease have 

changed, but there are still with unresolved questions about the etiology 

and pari-passu the definition and diagnosis of PPCM, has undergone 

several modifications over the years, and the most recent definition was by 

the HF Association of European Society of Cardiology (ESC) working 

Group on PPCM [31]  

Hypertensive disorders of pregnancy  

Hypertensive disorders of pregnancy (HDP) are a spectrum of 

hypertensive states characterized by persistent and sustained elevation of 

blood pressure during pregnancy and shortly thereafter. Globally, HDP is 

a major cause of maternal morbidity and mortality [4,32]. The prevalence 

of HDP is escalating across the globe due to increasing prevalence of 

metabolic diseases among young women [33]. According to the World 

Health Organization (WHO), at least one woman dies every seven minutes 

from complications of HDP [5]. HDP complicates 5-10% of all 

pregnancies worldwide [34]., with pre-eclampsia increasing the risk of 

cardiovascular complications by four to twelve-fold increased risk of heart 

failure and two-fold increase risk of coronary artery disease, stroke, and 

cardiovascular death [35].  Hypertension in pregnancy primarily induces 

myocardial pathological structural remodeling with predominantly left 

ventricular dysfunction [36]. Clinically, the commonest complication of 

HDP is acute pulmonary edema, which is responsible for > 30% of 

maternal death worldwide [35]. Furthermore, HDP increases risk of 

perinatal morbidity and mortality [4].  

According to the 2019 American College of Obstetrics and Gynecologist 

(ACOG), hypertensive disorders of pregnancy are broadly classified into 

four groups [4]; (a) Chronic hypertension in pregnancy is an elevated blood 

pressure (systolic blood pressure ≥140mmHg and or diastolic blood 

pressure ≥ 90mmHg) that predates pregnancy, diagnosed within 20weeks 

of gestation or after 20 weeks of gestation but fail to resolve within 

12weeks postpartum (b) Chronic hypertension with superimposed 

preeclampsia is the development of new onset proteinuria, 

thrombocytopenia or any of the features of pre-eclampsia in a woman with 

chronic hypertension. (c) Gestational hypertension also called pregnancy 

induced hypertension (PIH) is an elevated systolic blood pressure ≥ 

140mmHg and or diastolic blood pressure ≥ 90mmHg in a previously 

normotensive woman at gestational age > 20weeks without significant 

proteinuria. 17% of women with PIH progress to develop preeclampsia (d) 

Preeclampsia is a systemic syndrome characterized by new onset 

hypertension (systolic ≥ 140mmHg and or diastolic ≥90mmHg) with 

significant proteinuria (urinary protein excretion ≥ 300mg/ 24hrs) after 20 

weeks gestation.  Severe pre-eclampsia is when systolic blood pressure ≥ 

160mmHg or diastolic blood pressure ≥ 110mmHg on two occasions at 

least 6hours apart, while eclampsia is the severe form of pre-eclampsia 

characterized by neurologic involvement in the form of generalized tonic-

clonic convulsion in the absent of any other cause of the seizures [4]  

 

Cardiac arrythmias in pregnancy  

Cardiac arrythmia is the most frequent cardiovascular disorders in 

pregnancy [37]. It is well documented that the risk of developing benign 

and life-threatening cardiac arrythmias increases in pregnancy and 

likewise their recurrence especially in women with past history of cardiac 

arrythmia [37]. The majority of cardiac arrythmias in pregnancy are 

benign; however, on rare occasions life-threatening arrythmias may be 

observed with diagnostic and treatment challenges. The mechanisms of 

cardiac arrythmias in pregnancy is usually triggered by pregnancy 

hormone induced adaptive cardiovascular hemodynamic changes and 

electrical remodeling resulting from atrio-ventricular structural 

remodeling, increased alpha adrenergic receptor, and autonomic nervous 

system changes [37].     

Pregnancy-related Venous thrombo-embolism (VTE)  

Pregnancy-related VTE is defined as the coexistence of deep vein 

thrombosis (DVT) and PE in pregnancy or puerperium [38,39]. The risk 

of postpartum VTE is fivefold compared to prepartum VTE [39]. Several 

factors were documented to increase risk of VTE in pregnancy and 

puerperium. These factors include gestational diabetes, preeclampsia, 

overweight, obesity, metabolic syndrome, prolonged immobilization, 

advancing age, prolonged labor, caesarean delivery, and postpartum 

infection [38,39,40]. The possible underlying aetio-pathophysiologic 

mechanisms for the development of VTE in pregnancy and  postpartum 

include: (1) Hormonal changes inducing hypercoagulable and 

prothrombotic states in puerperium resulting in decreased fibrinolytic 

activity, increase fibrin generation, acquired resistance to activated protein 

C with decrease level of protein S and elevated level of coagulation factors 

II, VII, and X; all these hemostatic responses were to prevent excessive 

bleeding during childbirth [40,41]; (2) Hormone-mediated increase in 

venous tone and reduced flow [40]; (3) Childbirth- mediated pelvic veins 

endothelial damage [40,41] (4) Right common iliac artery-mediated 

anatomical compression of left common iliac vein, explaining why DVT 

in left lower extremity is commoner in (82%) of pregnancy and puerperium 

[42]. Clinically, pregnancy-related VTE presents as asymptomatic or 

symptomatic with classic or masquerading symptoms with high likelihood 

of misdiagnosis and for this reason, a high index of suspicion should 

always be entertained in any woman in pregnancy or puerperium with 

sudden onset of dyspnea, chest pain and easy fatigue with or without 

identifiable risk factors for VTE. Pregnancy-related VTE also present with 

devastating complications [38-42]. Given these observations, pregnancy-

related VTE requires prompt recognition and rapid institution of guideline-

directed medical therapy to avert dismal prognosis. Pregnant and 

postpartum women with a high risk of VTE require disease awareness, 

focused attention and thrombo-prophylaxis. 

Pregnancy-related myocardial infarction  

Although, in the general population atherosclerosis is the leading cause of 

coronary artery disease leading to myocardial infarction, this is in contrast 

to pregnancy-related myocardial infarction a very rare [43], life-

threatening medical emergency, that is associated with variable etiology 

which includes spontaneous coronary artery dissection (SCAD) [44], 

atherosclerosis, thrombosis and coronary artery vasospasm. Pregnancy-

related MI may present with diagnostic and treatment challenges especially 

in resource constrained settings with a consequently feto-maternal dismal 

prognosis. Given these observations, pregnancy-related MI requires 

prompt recognition, rapid institution of appropriate treatment intervention 

or urgent referral to health care center with adequate facilities and expertise 

in addition to control of identifiable risk factors to avert dismal feto-

maternal outcomes. Additional pregnancy induced cardiovascular diseases 

include: venous thromboembolism, spontaneous coronary artery 

dissection, and aortic dissection [40,41,44,45]. These conditions require 

prompt diagnosis and specialized management to minimize the risk of 

adverse events. In conclusion, the spectrum of CVDs in pregnancy 

encompasses a wide range of pre-existing and pregnancy-related 

conditions, each with its unique challenges and management strategies. 

Comprehensive cardiovascular assessment, multidisciplinary care, and 

close follow-up are is essential to optimize the outcomes for pregnant 

women with cardiovascular disease and complications. 
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Figure 3: Showing spectrum of Cardio-obstetrics pathologies. 

Cardio-obstetrics and Cardiovascular Morbidity and Mortality in 

Pregnancy 

Cardio-obstetrics plays a critical role in mitigating maternal morbidity and 

mortality by addressing the complex interplay between pregnancy and 

cardiovascular disease, as these conditions significantly contribute to 

adverse outcomes for both mother and child. Pregnancy is a normal 

physiology; however, it places significant physiological stresses on the 

body and cardiovascular system [7], and for this reason it was nickname 

‘’nature stress test’’ [7]. This physiological stress on pregnancy-related 

cardiovascular disease can lead to significant maternal morbidity and 

mortality. Therefore, understanding the epidemiology, physiology, risk 

factors, and management of cardiovascular disease in pregnancy is crucial 

for providing optimal care to this group of patients. Cardiovascular disease 

is a leading cause of maternal and pregnancy related mortality in both 

developed and developing countries [46,47]. Globally, maternal mortality 

rate has been rising, with maternal CV disease accounting for over one-

third of these deaths [48]. The identifiable risk factors for cardiovascular 

morbidity and mortality in pregnancy include previous history of 

cardiovascular disease, obesity, advanced maternal age, hypertensive 

disorders in pregnancy and diabetes [49,50]. Pregnancy-related clinical 

conditions such as pregnancy induced hypertension, preeclampsia, and 

gestational diabetes also increase the risk of developing cardiovascular 

complications [51,52]. In this regard, cardio-obstetrics care involving 

obstetricians, cardiologists, and other specialists is essential for the optimal 

care of maternal CV disease [53]. This includes optimizing preconception 

maternal CV care, close monitoring during pregnancy, and appropriate 

interventions for cardiovascular disease or events [54]. Treatment, 

procedures, and timing of delivery must be carefully plan to balance the 

needs of the mother and the fetus [24]. Cardiovascular disease is a major 

contributor to maternal and pregnancy related morbidity and mortality.  

Therefore, identifying high-risk patients, implementing preventive 

measures, and providing comprehensive, specialized care are crucial for 

improving feto-maternal outcomes in this group of patients. 

Cardio-obstetrics and Cardiovascular Risk Stratifications Tools in 

Pregnancy 

Cardio-obstetrics necessitates the precise application of cardiovascular 

risk stratification tools to effectively manage the unique physiological 

demands of pregnancy in women with or at risk for heart disease. These 

tools enable clinicians to identify and quantify potential cardiovascular 

risks, allowing for tailored management plans that optimize maternal and 

fetal outcomes. Recent guidelines strongly recommended preconception 

and pregnancy counseling, CV risk stratification and focused diagnostic 

imaging in pregnant or childbearing women with VHD or CHD who desire 

for pregnancy. Pregnant women with pre-existing heart disease face 

significant risks, necessitating effective cardiovascular risk stratification 

tools. Various studies have explored these tools, focusing on their ability 

to predict adverse outcomes and guide for optimal cardio-obstetrics care, 

preventive strategies, diagnosis, treatment algorithm, prognostication and 

clinical decision-making [55,56]. This CV risk stratification tools include 

(1) The WHO classification system is commonly used to categorize 

cardiac disease severity and associated risks during pregnancy. This aids 

clinicians in close monitoring and treatment intervention required [24]. 

Recently, Modified World Health Organization (mWHO) Classification 

risk stratification tool was developed which refines the original WHO 

system by incorporating additional maternal factors, such as functional 

capacity and comorbidities, to enhance risk stratification [57]; (2) Cardiac 

Risk in Pregnancy (CARPREG) and a modified (CARPREG II) are 

specific risk scoring system developed for pregnant women with VHD or 

CHD, which includes both maternal and fetal factors has shown promise 

in predicting outcomes and can effectively stratify risk and guide clinical 

decisions [58]; (3) ZAHARA CV risk stratification in pregnancy derived 

from adult congenital heart disease (ACHD) population study [59].  
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Figure 4: Showing most commonly use Cardiovascular Risk Stratifications Tools in Pregnancy 

Other additional guideline and research for CV risk stratification in 

pregnant women with heart disease develop recently include: (1) Euro 

Heartcare Guidelines provide a framework for managing pregnant women 

with heart disease. They emphasize a multidisciplinary approach and the 

use of echocardiography to assess cardiac function and structure, which 

are critical for risk stratification [60]; (2) Recently biomarkers NT-Pro 

BNP was found to enhance risk stratification in women with heart failure 

risk and myocardial stress during pregnancy [61]; (3) Application of 

machine learning algorithms was also documented to improve risk 

prediction models of pregnant women with heart disease leading to more 

personalized care [62]. In conclusion, effective cardiovascular risk 

stratification in pregnant women with heart disease is critical for 

optimizing cardio-obstetrics care, maternal and fetal outcomes. 

Why the need for Cardio-Obstetrics?  

The prevalence of maternal cardiovascular disease is escalating, leading to 

significant maternal and pregnancy related morbidity and mortality 

globally. Better cardio-obstetrics care has been shown to reduce maternal 

CV morbidity, mortality and adverse fetal outcomes [2,3]. The world 

appears to be facing shortage of cardio-obstetrics care specialist especially 

in LMICs, likewise training centers/institutions for this subspecialty. In 

our clinical practice we observed wide knowledge gap of this new and 

evolving subspecialty in our region. Similarly, we also observed the 

awareness of this field among health care professionals, policymakers, 

administrators and general public appears to be extremely low. On the 

other hand, we also observed growing need for structured cardio-obstetrics 

training in health care institutions, likewise the strong need for all women 

with cardiovascular disease in pregnancy to be cared for by a cardio-

obstetrics specialist during preconception, pregnancy and puerperium to 

prevent back sliding of WHO Sustainable development goal (SDG) 2030 

of lowering maternal mortality [6]. In this regard, there is need to integrate 

cardio-obstetrics an important field for maternal CV healthcare with the 

potential to address the unique cardiovascular health needs of pregnant 

women and new born [2,3].  The key reasons why this specialized field is 

necessary in maternal CV health include: (1) Pregnancy induces significant 

physiological changes in the cardiovascular system, including increased 

blood volume, heart rate, and cardiac output [2,3]. These changes can 

exacerbate existing cardiovascular conditions or unmask previously 

undiagnosed heart problems [2,3]; (2) Pregnancy-related cardiovascular  

complications such as peripartum cardiomyopathy, hypertensive disorders 

in pregnancy, congenital heart disease, venous thromboembolism can 

develop during pregnancy and pose risks to the mother and the developing 

foetus. Therefore, cardio-obstetrics care of these clinical conditions in 

pregnancy are crucial to ensure the health and safety of both the mother 

and the baby [2,3,30]; (3) Women with underlying congenital heart 

diseases or who have undergone prior cardiac interventions may face 

increased risks of cardiac events during pregnancy, labor, and the 

postpartum period. Therefore, cardio-obstetrics care is required to manage 

these complex cases and ensure the best possible outcomes; (4) Postpartum 

period is a critical time when women face an increased risk of 

cardiovascular events, such as myocardial infarction, stroke, and venous 

thromboembolism [2,3,38-45]. Therefore, close cardio-obstetrics care 

during this time is essential to prevent and address these complications. 

Discussion 

Cardio-obstetrics is a new, evolving and exciting field, with sole purpose 

of improving maternal CV health and fetal outcomes [2,3]. In our clinical 

practice, we observed that the awareness of this field among health care 

professionals, administrators and public in LMICs is very low. 

Interestingly, some obstetricians and cardiologist in tertiary health care 

institutions of LMICs are practicing cardio-obstetrics unconsciously via 

interdisciplinary care of women with CV disease in pregnancy. Similarly, 

we also observed greater imbalance between maternal cardiovascular 

disease burden and the number specialist with adequate knowledge, skills 

and competence on cardio-obstetrics. This imbalance may portend global 

maternal cardiovascular health crisis and adverse fetal outcome. In this 

context, cardio-obstetrics subspecialty, structure training program, units 

and clinics are to be recommended in health care institutions to mitigate 

maternal cardiovascular health crisis and adverse fetal outcomes in the 

near future [2,3]. The key benefits of cardio-obstetrics Subspecialty, 

training program, units and clinics  is to offer improved maternal CV health 

through (1) Improved risk stratification of  pregnant women with 

cardiovascular disease and preconception counseling by providing 

thorough cardiovascular assessment and risk stratification for women of 

reproductive age, enabling personalized preconception counseling and 

informed decision-making regarding pregnancy plans [2,3]; (2) Enhanced 

maternal CV disease close monitoring and management through dedicated 

multidisciplinary management of pregnant and postpartum women with 

cardiovascular disease, improving maternal and fetal outcomes [2,3]; (3) 
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Cardio-obstetrics streamlined seamless transitions of care between 

obstetric and cardiology teams, ensuring continuity of care and reducing 

the risk of fragmentation [2,3]; (4) Dedicated cardio-obstetrics units could 

serve in expanding cardio-obstetric research and education as well as hubs 

for clinical research, generating evidence-based guidelines and fostering 

interprofessional education to improve the overall quality of maternal 

cardiovascular health and care. To establish cardio-obstetrics subspecialty, 

units and clinics in any health care institution  will require a coordinated 

effort among professional organizations,  healthcare systems, health care 

administrators,  postgraduate medical colleges, policymakers and funders 

and the key steps may include: (1) Promoting collaborative partnerships 

between obstetric and cardiology units and departments; (2) Developing 

standardized cardio-obstetrics training curricula and certification 

processes; (3) Advocating for the inclusion of cardio-obstetrics as a 

recognized subspecialty (4) Securing funding and resources to establish 

dedicated cardio-obstetrics subspecialty, units and clinics within 

healthcare institutions; (5) Implementing quality  improvement initiatives 

and data collection to measure the impact of cardio-obstetrics care, units 

and clinics interventions in reducing maternal cardiovascular disease 

burden morbidity, mortality and adverse fetal outcomes. Pregnancy places 

significant stress on various body systems, particularly the cardiovascular 

(CV) system, which experiences substantial hemodynamic changes, 

including increased blood volume and cardiac output [7,8,9,10]. These 

changes can worsen existing cardiovascular conditions, negatively 

impacting both maternal and fetal health [7,8,9,10], if not recognized and 

treated promptly. Additionally, these physiological changes may obscure 

life-threatening cardiovascular emergencies, such as heart failure, 

peripartum cardiomyopathy, pulmonary embolism, and myocardial 

infarction [30,38,39,43,44], leading to diagnostic challenges and poor 

outcomes. Therefore, a solid understanding of cardio-obstetrics is crucial 

for clinicians to distinguish between normal CV changes during pregnancy 

and pathological conditions. Maternal cardiovascular (CV) disease is 

influenced by traditional risk factors and specific sex-related factors [2,3]. 

In low- and middle-income countries (LMICs), maternal undernutrition 

and poverty appears to be better predictors than traditional CV risks during 

pregnancy. Pregnancy can worsen existing maternal CV conditions, while 

some CV diseases may develop due to physiological and hormonal 

changes associated with pregnancy [25,27]. Maternal CV disease increases 

the likelihood of long-term disability and cardiovascular adverse events 

(CAEs), as well as maternal and pregnancy-related morbidity and 

mortality [25,27]. In LMICs, the primary causes of maternal heart disease 

include rheumatic heart disease (RHD), peripartum cardiomyopathy 

(PPCM), and CHD [25,27]. In high-income countries (HICs), congenital 

heart disease remains the leading cause [25,27], but the prognosis is 

generally better due to better cardio-obstetric care, in contrast to the poorer 

outcomes observed in LMICs, where care is less adequate. Awareness of 

cardiovascular risk scoring systems among healthcare practitioners for 

pregnant women with heart disease appears to be low, particularly in 

LMICs. Therefore, healthcare providers trained in cardio-obstetrics can 

significantly enhance cardiovascular risk assessment and management for 

these patients in both high-income HICs and LMICs. Their expertise will 

facilitate comprehensive evaluations, including detailed medical histories, 

thorough physical examinations, and targeted investigations. This 

approach allows for personalized, evidence-based treatment tailored to the 

specific needs of pregnant women with heart disease. Consequently, it is 

essential for healthcare providers to be well-versed in cardiovascular risk 

scoring systems and their application in managing high risk maternal 

cardiovascular diseases. The increasing prevalence of CV disease among 

pregnant women [2,3,6], poses significant risks, contributing to maternal 

and pregnancy-related mortality, which is primarily caused by CV diseases 

[6]. Peripartum cardiomyopathy, occurring shortly before to a year after 

childbirth, is a notable cause of pregnancy-related death. Various strategies 

have been recommended to reduce maternal mortality, including essential 

obstetric care, adequate antenatal care, and skilled birth attendance etc 

[63]. To effectively combat the high rates of maternal and pregnancy-

related deaths due to CV disease, optimal cardio-obstetrics care is crucial. 

This requires training specialists in cardio-obstetrics and establishing 

dedicated units and clinics in health care institutions worldwide. In 

summary, enhancing cardio-obstetrics is vital for improving maternal 

cardiovascular health and fetal outcomes. 

Conclusion 

Pregnancy complicated by cardiovascular disease carries significant risks, 

potentially leading to lifelong disabilities and poor outcomes without 

timely and expert management by cardio-obstetrics specialists. To combat 

the global maternal cardiovascular crisis, a strategic, multidisciplinary 

(cardio-obstetrics) is essential. The development of dedicated cardio-

obstetrics subspecialties, training programs, and specialized units will 

ensure the delivery of crucial, integrated care, ultimately improving 

maternal and fetal health. 

Conflict of interest 

None declared 

Funding  

The authors of this review article did not receive any grant from any 

funding agencies public or commercial   

Ethical approval  

N/A 

Guarantor 

Dr. Hayatu Umar [Corresponding author] is the guarantor of this review 

article 

Author contributions 

(I) Conception and design: HU, RC, SSM, AA, AH; (II) Administrative 

support: HU, AA, SI; (III) Provision of study material HU, RC, SSM, AA, 

SI, JAG, AH; (IV) Collection and assembly of data: All the authors (V) 

Data analysis and interpretation: All the authors; (VI) Manuscript writing: 

All the authors; (VII) Final approval of manuscript: All the authors. 

Acknowledgements 

We thank and appreciate Dr. Femi Akindotun. Akintomide of department 

of Internal Medicine, Usmanu Danfodiyo University Teaching Hospital 

Sokoto, for helping us with some valuable internet search literature 

materials and plagiarism check of this written narrative (Critical literature) 

review.  

Patient consent 

N/A 

Declarations 

This manuscript is an original, unpublished piece. It has not been submitted 

for publication elsewhere.  

Abbreviations 

HICs: High income countries 

LMICs: Low-middle income countries 

VTE: Venous thromboembolism 

PPCM: Peripartum cardiomyopathy 

CHD: Congenital heart disease 

HDP: Hypertensive disorder in pregnancy 

PIH: Pregnancy induced hypertension 

References  

1. Shutters.com 

2. Davis, M. B., Arendt, K., Bello, N. A., Brown, H., Briller, J. et al. 

(2021).  American College of Cardiology Cardiovascular Disease 

in Women Committee and the Cardio-Obstetrics Work Group. 

Team-based care of women with cardiovascular disease from pre-

conception through pregnancy and postpartum: JACC focus 

https://www.hammondhistoricdistrict.org/s/5_Windows-Doors_HHDC-Design-Guidelines-2015.pdf
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.02.033
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.02.033
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.02.033
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.02.033
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.02.033


Clinical Reviews and Case Reports                                                                                                                                                                                                 Page 9 of 11 

seminar 1/5. Journal of the American College of 

Cardiology, 77(14), 1763-1777. 

3. Chavan, S. R., & Tembhare, A. (2024). Cardio-obstetrics: A 

Potential Global Development in the Reduction of Maternal 

Mortality. Journal of South Asian Federation of Obstetrics and 

Gynaecology, 16(2), 156-160. 

4. Braunthal, S., & Brateanu, A. (2019). Hypertension in pregnancy: 

Pathophysiology and treatment. SAGE open medicine, 7, 

2050312119843700. 

5. Gudeta, T. A., & Regassa, T. M. (2019). Pregnancy induced 

hypertension and associated factors among women attending 

delivery service at mizan-tepi university teaching hospital, tepi 

general hospital and gebretsadik shawo hospital, southwest, 

Ethiopia. Ethiopian journal of health sciences, 29(1). 

6. Kotit, S., & Yacoub, M. (2021). Cardiovascular adverse events in 

pregnancy: a global perspective. Global cardiology science & 

practice, 2021(1). 

7. Williams, D. (2003). Pregnancy: a stress test for life. Current 

Opinion in Obstetrics and Gynecology, 15(6), 465-471. 

8. Pritchard, J. A. (1965). Changes in the blood volume during 

pregnancy and delivery. The Journal of the American Society of 

Anesthesiologists, 26(4), 393-399. 

9. Gilson, G. J., & Easterling, T. R. (2014). Cardiovascular 

Physiology in Pregnancy. In J. Creasy, R. Resnik, & C. Iams 

(Eds.), Creasy and Resnik's Maternal-Fetal Medicine: Principles 

and Practice (7th ed., pp. 139–152). Elsevier  

10. Soma-Pillay, P., Nelson-Piercy, C., Tolppanen, H., & Mebazaa, A. 

(2016). Physiological changes in pregnancy: review 

articles. Cardiovascular journal of Africa, 27(2), 89-94. 

11. Verlohren, S., Geusens, N., Morton, J., Verhaegen, I., Hering, L., 

Herse, F., ... & Dechend, R. (2010). Inhibition of trophoblast-

induced spiral artery remodeling reduces placental perfusion in rat 

pregnancy. Hypertension, 56(2), 304-310. 

12. Kametas, N. A., McAuliffe, F., Krampl, E., Chambers, J., & 

Nicolaides, K. H. (2004). Maternal cardiac function during 

pregnancy at high altitude. BJOG: An International Journal of 

Obstetrics & Gynaecology, 111(10), 1051-1058. 

13. Ravelli, A. C., & Elkayam, U. (2016). Cardiac physiology in 

normal and high-risk pregnancy. Handbook of Pregnancy 

Hypertension, 59-65.  

14. Oakley, C. (2018). Arrhythmias in pregnancy. Heart, 104(10), 

797-802. 

15. Meah, V. L., & Callaway, L. (2018). Orthostatic hypotension and 

syncope in pregnancy: a systematic review. Pregnancy 

Hypertension, 13, 11-18. 

16. Thornburg, K. L., Jacobson, S. L., Giraud, G. D., & Morton, M. J. 

(2000, February). Hemodynamic changes in pregnancy. 

In Seminars in perinatology (Vol. 24, No. 1, pp. 11-14). WB 

Saunders. 

17. Puranik, B. M., Kaore, S. B., Kurhade, G. A., Agrawal, S. D., 

Patwardhan, S. A., & Kher, J. R. (1994). A longitudinal study of 

pulmonary function tests during pregnancy. Indian Journal of 

Physiology and Pharmacology, 38, 129-129. 

18. Cutforth, R., & MacDonald, C. B. (1966). Heart sounds and 

murmurs in pregnancy. American Heart Journal, 71(6), 741-747. 

19. Desai, D. K., Moodley, J., & Naidoo, D. P. (2004). 

Echocardiographic assessment of cardiovascular hemodynamics 

in normal pregnancy. Obstetrics & Gynecology, 104(1), 20-29. 

20. Melzer, K., Schutz, Y., Boulvain, M., & Kayser, B. (2010). 

Physical activity and pregnancy: cardiovascular adaptations, 

recommendations and pregnancy outcomes. Sports Medicine, 40, 

493-507. 

21. Ananthakrishnan, R., Sharma, S., Joshi, S., Karunakaran, S., & 

Mohanty, S. (2020). ECG changes in pregnancy-An observational 

study. Journal of Marine Medical Society, 22(2), 187-192. 

22. Schuster, A. H., & Nunes, M. A. P. (2012). Electrocardiographic 

changes during normal pregnancy. Arquivos brasileiros de 

cardiologia, 98(3), 276-281. 

23. Ueland, K., Novy, M. J., Peterson, E. N., & Metcalfe, J. (1969). 

Maternal cardiovascular dynamics: IV. The influence of 

gestational age on the maternal cardiovascular response to posture 

and exercise. American journal of obstetrics and 

gynecology, 104(6), 856-864. 

24. Regitz-Zagrosek, V., Roos-Hesselink, J. W., Bauersachs, J., 

Blomström-Lundqvist, C., Cifkova, R., De Bonis, M., ... & 

Warnes, C. A. (2018). 2018 ESC guidelines for the management 

of cardiovascular diseases during pregnancy: the task force for the 

management of cardiovascular diseases during pregnancy of the 

European Society of Cardiology (ESC). European heart 

journal, 39(34), 3165-3241. 

25. Roos-Hesselink, J., Baris, L., Johnson, M., De Backer, J., Otto, C., 

Marelli, A., ... & Hall, R. (2019). 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, 40(47), 3848-3855. 

26. Sanghavi, M., & Rutherford, J. D. (2014). Cardiovascular 

physiology of pregnancy. Circulation, 130(12), 1003-1008. 

27. Nanna, M., & Stergiopoulos, K. (2014). Pregnancy complicated 

by valvular heart disease: an update. Journal of the American 

Heart Association, 3(3), e000712. 

28. Timmons, P., Partridge, G., McKelvey, A., Lyall, H., Morosan, 

M., & Freeman, L. (2023). Valvular heart disease in 

pregnancy. The Obstetrician & Gynaecologist, 25(1), 19-27. 

29. Uebing, A., Steer, P. J., Yentis, S. M., & Gatzoulis, M. A. (2006). 

Pregnancy and congenital heart disease. Bmj, 332(7538), 401-406. 

30. Karaye, K. M., Ishaq, N. A., Sa'idu, H., Balarabe, S. A., Talle, M. 

A., Isa, M. S., ... & PEACE Registry Investigators. (2020). 

Incidence, clinical characteristics, and risk factors of peripartum 

cardiomyopathy in Nigeria: results from the PEACE 

Registry. ESC heart failure, 7(1), 236-244. 

31. Sliwa, K., Hilfiker-Kleiner, D., Petrie, M. C., Mebazaa, A., Pieske, 

B., Buchmann, E., ... & McMurray, J. J. (2010). Current state of 

knowledge on aetiology, diagnosis, management, and therapy of 

peripartum cardiomyopathy: a position statement from the Heart 

Failure Association of the European Society of Cardiology 

Working Group on peripartum cardiomyopathy. European journal 

of heart failure, 12(8), 767-778. 

32. Arshad, A., Pasha, W., Khattak, T. A., & Kiyani, R. B. (2011). 

Impact of pregnancy induced hypertension on birth weight of 

newborn at term. Journal of Rawalpindi Medical College 

(JRMC), 15(2), 113-115. 

33. Umesawa, M., & Kobashi, G. (2017). Epidemiology of 

hypertensive disorders in pregnancy: prevalence, risk factors, 

predictors and prognosis. Hypertension Research, 40(3), 213-220. 

34. Ying, W., Catov, J. M., & Ouyang, P. (2018). Hypertensive 

disorders of pregnancy and future maternal cardiovascular 

risk. Journal of the American Heart Association, 7(17), e009382. 

35. Orabona R, Sciatti E, Prefumo F, Vizzardi E, Bonadei I, 

Valcamonico A, Metra M, Frusca T. Pre‐eclampsia and heart 

failure: a close relationship. Ultrasound in Obstetrics & 

Gynecology. 2018 Sep;52(3):297-301. 

https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.02.033
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.02.033
https://www.jsafog.com/doi/pdf/10.5005/jp-journals-10006-2393
https://www.jsafog.com/doi/pdf/10.5005/jp-journals-10006-2393
https://www.jsafog.com/doi/pdf/10.5005/jp-journals-10006-2393
https://www.jsafog.com/doi/pdf/10.5005/jp-journals-10006-2393
https://journals.sagepub.com/doi/abs/10.1177/2050312119843700
https://journals.sagepub.com/doi/abs/10.1177/2050312119843700
https://journals.sagepub.com/doi/abs/10.1177/2050312119843700
https://www.ajol.info/index.php/ejhs/article/view/187185
https://www.ajol.info/index.php/ejhs/article/view/187185
https://www.ajol.info/index.php/ejhs/article/view/187185
https://www.ajol.info/index.php/ejhs/article/view/187185
https://www.ajol.info/index.php/ejhs/article/view/187185
All%20Issues%20·%20Technology,%20Mind,%20and%20Behavior_files
All%20Issues%20·%20Technology,%20Mind,%20and%20Behavior_files
All%20Issues%20·%20Technology,%20Mind,%20and%20Behavior_files
https://journals.lww.com/co-obgyn/fulltext/2003/12000/Pregnancy__a_stress_test_for_life.00002.aspx
https://journals.lww.com/co-obgyn/fulltext/2003/12000/Pregnancy__a_stress_test_for_life.00002.aspx
https://cir.nii.ac.jp/crid/1362825895575350144
https://cir.nii.ac.jp/crid/1362825895575350144
https://cir.nii.ac.jp/crid/1362825895575350144
https://www.google.com/search?q=Gilson%2C+G.+J.%2C+%26+Easterling%2C+T.+R.+(2014).+Cardiovascular+Physiology+in+Pregnancy.+In+J.+Creasy%2C+R.+Resnik%2C+%26+C.+Iams+(Eds.)%2C+Creasy+and+Resnik%27s+Maternal-Fetal+Medicine%3A+Principles+and+Practice+(7th+ed.%2C+pp.+139%E2%80%93152).+Elsevier&oq=Gilson%2C+G.+J.%2C+%26+Easterling%2C+T.+R.+(2014).+Cardiovascular+Physiology+in+Pregnancy.+In+J.+Creasy%2C+R.+Resnik%2C+%26+C.+Iams+(Eds.)%2C+Creasy+and+Resnik%27s+Maternal-Fetal+Medicine%3A+Principles+and+Practice+(7th+ed.%2C+pp.+139%E2%80%93152).+Elsevier&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIGCAEQRRg80gEHMzM1ajBqN6gCALACAA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Gilson%2C+G.+J.%2C+%26+Easterling%2C+T.+R.+(2014).+Cardiovascular+Physiology+in+Pregnancy.+In+J.+Creasy%2C+R.+Resnik%2C+%26+C.+Iams+(Eds.)%2C+Creasy+and+Resnik%27s+Maternal-Fetal+Medicine%3A+Principles+and+Practice+(7th+ed.%2C+pp.+139%E2%80%93152).+Elsevier&oq=Gilson%2C+G.+J.%2C+%26+Easterling%2C+T.+R.+(2014).+Cardiovascular+Physiology+in+Pregnancy.+In+J.+Creasy%2C+R.+Resnik%2C+%26+C.+Iams+(Eds.)%2C+Creasy+and+Resnik%27s+Maternal-Fetal+Medicine%3A+Principles+and+Practice+(7th+ed.%2C+pp.+139%E2%80%93152).+Elsevier&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIGCAEQRRg80gEHMzM1ajBqN6gCALACAA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Gilson%2C+G.+J.%2C+%26+Easterling%2C+T.+R.+(2014).+Cardiovascular+Physiology+in+Pregnancy.+In+J.+Creasy%2C+R.+Resnik%2C+%26+C.+Iams+(Eds.)%2C+Creasy+and+Resnik%27s+Maternal-Fetal+Medicine%3A+Principles+and+Practice+(7th+ed.%2C+pp.+139%E2%80%93152).+Elsevier&oq=Gilson%2C+G.+J.%2C+%26+Easterling%2C+T.+R.+(2014).+Cardiovascular+Physiology+in+Pregnancy.+In+J.+Creasy%2C+R.+Resnik%2C+%26+C.+Iams+(Eds.)%2C+Creasy+and+Resnik%27s+Maternal-Fetal+Medicine%3A+Principles+and+Practice+(7th+ed.%2C+pp.+139%E2%80%93152).+Elsevier&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIGCAEQRRg80gEHMzM1ajBqN6gCALACAA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Gilson%2C+G.+J.%2C+%26+Easterling%2C+T.+R.+(2014).+Cardiovascular+Physiology+in+Pregnancy.+In+J.+Creasy%2C+R.+Resnik%2C+%26+C.+Iams+(Eds.)%2C+Creasy+and+Resnik%27s+Maternal-Fetal+Medicine%3A+Principles+and+Practice+(7th+ed.%2C+pp.+139%E2%80%93152).+Elsevier&oq=Gilson%2C+G.+J.%2C+%26+Easterling%2C+T.+R.+(2014).+Cardiovascular+Physiology+in+Pregnancy.+In+J.+Creasy%2C+R.+Resnik%2C+%26+C.+Iams+(Eds.)%2C+Creasy+and+Resnik%27s+Maternal-Fetal+Medicine%3A+Principles+and+Practice+(7th+ed.%2C+pp.+139%E2%80%93152).+Elsevier&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIGCAEQRRg80gEHMzM1ajBqN6gCALACAA&sourceid=chrome&ie=UTF-8
https://journals.co.za/doi/abs/10.5830/CVJA-2016-021
https://journals.co.za/doi/abs/10.5830/CVJA-2016-021
https://journals.co.za/doi/abs/10.5830/CVJA-2016-021
https://www.ahajournals.org/doi/abs/10.1161/hypertensionaha.110.153163
https://www.ahajournals.org/doi/abs/10.1161/hypertensionaha.110.153163
https://www.ahajournals.org/doi/abs/10.1161/hypertensionaha.110.153163
https://www.ahajournals.org/doi/abs/10.1161/hypertensionaha.110.153163
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-0528.2004.00246.x
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-0528.2004.00246.x
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-0528.2004.00246.x
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-0528.2004.00246.x
https://www.liebertpub.com/doi/abs/10.1089/jwh.2020.8852
https://www.liebertpub.com/doi/abs/10.1089/jwh.2020.8852
https://www.liebertpub.com/doi/abs/10.1089/jwh.2020.8852
https://pubmed.ncbi.nlm.nih.gov/12714190/
https://pubmed.ncbi.nlm.nih.gov/12714190/
https://www.sciencedirect.com/science/article/pii/S0146000500800476
https://www.sciencedirect.com/science/article/pii/S0146000500800476
https://www.sciencedirect.com/science/article/pii/S0146000500800476
https://www.sciencedirect.com/science/article/pii/S0146000500800476
https://www.researchgate.net/profile/Geeta-Kurhade/publication/15136606_A_longitudinal_study_of_pulmonary_function_tests_during_pregnancy/links/5653c3c108aeafc2aabb5f65/A-longitudinal-study-of-pulmonary-function-tests-during-pregnancy.pdf
https://www.researchgate.net/profile/Geeta-Kurhade/publication/15136606_A_longitudinal_study_of_pulmonary_function_tests_during_pregnancy/links/5653c3c108aeafc2aabb5f65/A-longitudinal-study-of-pulmonary-function-tests-during-pregnancy.pdf
https://www.researchgate.net/profile/Geeta-Kurhade/publication/15136606_A_longitudinal_study_of_pulmonary_function_tests_during_pregnancy/links/5653c3c108aeafc2aabb5f65/A-longitudinal-study-of-pulmonary-function-tests-during-pregnancy.pdf
https://www.researchgate.net/profile/Geeta-Kurhade/publication/15136606_A_longitudinal_study_of_pulmonary_function_tests_during_pregnancy/links/5653c3c108aeafc2aabb5f65/A-longitudinal-study-of-pulmonary-function-tests-during-pregnancy.pdf
https://www.sciencedirect.com/science/article/pii/0002870366905941
https://www.sciencedirect.com/science/article/pii/0002870366905941
https://journals.lww.com/greenjournal/fulltext/2004/07000/Excess_Pregnancy_Weight_Gain_and_Long_Term.5.aspx
https://journals.lww.com/greenjournal/fulltext/2004/07000/Excess_Pregnancy_Weight_Gain_and_Long_Term.5.aspx
https://journals.lww.com/greenjournal/fulltext/2004/07000/Excess_Pregnancy_Weight_Gain_and_Long_Term.5.aspx
https://link.springer.com/article/10.2165/11532290-000000000-00000
https://link.springer.com/article/10.2165/11532290-000000000-00000
https://link.springer.com/article/10.2165/11532290-000000000-00000
https://link.springer.com/article/10.2165/11532290-000000000-00000
https://journals.lww.com/jmsc/fulltext/2020/22020/ecg_changes_in_pregnancy___an_observational_study.17.aspx
https://journals.lww.com/jmsc/fulltext/2020/22020/ecg_changes_in_pregnancy___an_observational_study.17.aspx
https://journals.lww.com/jmsc/fulltext/2020/22020/ecg_changes_in_pregnancy___an_observational_study.17.aspx
https://ijcdw.org/electrocardiographic-changes-during-normal-pregnancy/
https://ijcdw.org/electrocardiographic-changes-during-normal-pregnancy/
https://ijcdw.org/electrocardiographic-changes-during-normal-pregnancy/
https://www.sciencedirect.com/science/article/pii/0002937869906371
https://www.sciencedirect.com/science/article/pii/0002937869906371
https://www.sciencedirect.com/science/article/pii/0002937869906371
https://www.sciencedirect.com/science/article/pii/0002937869906371
https://www.sciencedirect.com/science/article/pii/0002937869906371
https://academic.oup.com/eurheartj/article-abstract/39/34/3165/5078465
https://academic.oup.com/eurheartj/article-abstract/39/34/3165/5078465
https://academic.oup.com/eurheartj/article-abstract/39/34/3165/5078465
https://academic.oup.com/eurheartj/article-abstract/39/34/3165/5078465
https://academic.oup.com/eurheartj/article-abstract/39/34/3165/5078465
https://academic.oup.com/eurheartj/article-abstract/39/34/3165/5078465
https://academic.oup.com/eurheartj/article-abstract/39/34/3165/5078465
https://academic.oup.com/eurheartj/article-abstract/40/47/3848/5419276
https://academic.oup.com/eurheartj/article-abstract/40/47/3848/5419276
https://academic.oup.com/eurheartj/article-abstract/40/47/3848/5419276
https://academic.oup.com/eurheartj/article-abstract/40/47/3848/5419276
https://academic.oup.com/eurheartj/article-abstract/40/47/3848/5419276
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.114.009029
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.114.009029
https://www.ahajournals.org/doi/abs/10.1161/JAHA.113.000712
https://www.ahajournals.org/doi/abs/10.1161/JAHA.113.000712
https://www.ahajournals.org/doi/abs/10.1161/JAHA.113.000712
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/tog.12857
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/tog.12857
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/tog.12857
https://www.bmj.com/content/332/7538/401.short
https://www.bmj.com/content/332/7538/401.short
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.12562
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.12562
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.12562
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.12562
https://onlinelibrary.wiley.com/doi/abs/10.1002/ehf2.12562
https://onlinelibrary.wiley.com/doi/full/10.1093/eurjhf/hfq120?scrollTo=references
https://onlinelibrary.wiley.com/doi/full/10.1093/eurjhf/hfq120?scrollTo=references
https://onlinelibrary.wiley.com/doi/full/10.1093/eurjhf/hfq120?scrollTo=references
https://onlinelibrary.wiley.com/doi/full/10.1093/eurjhf/hfq120?scrollTo=references
https://onlinelibrary.wiley.com/doi/full/10.1093/eurjhf/hfq120?scrollTo=references
https://onlinelibrary.wiley.com/doi/full/10.1093/eurjhf/hfq120?scrollTo=references
https://onlinelibrary.wiley.com/doi/full/10.1093/eurjhf/hfq120?scrollTo=references
https://journals.indexcopernicus.com/api/file/viewByFileId/619316
https://journals.indexcopernicus.com/api/file/viewByFileId/619316
https://journals.indexcopernicus.com/api/file/viewByFileId/619316
https://journals.indexcopernicus.com/api/file/viewByFileId/619316
https://www.nature.com/articles/hr2016126
https://www.nature.com/articles/hr2016126
https://www.nature.com/articles/hr2016126
https://www.ahajournals.org/doi/abs/10.1161/JAHA.118.009382
https://www.ahajournals.org/doi/abs/10.1161/JAHA.118.009382
https://www.ahajournals.org/doi/abs/10.1161/JAHA.118.009382
https://www.academia.edu/download/58730823/Pre-eclampsia_and_heart_failure_editorial.pdf
https://www.academia.edu/download/58730823/Pre-eclampsia_and_heart_failure_editorial.pdf
https://www.academia.edu/download/58730823/Pre-eclampsia_and_heart_failure_editorial.pdf
https://www.academia.edu/download/58730823/Pre-eclampsia_and_heart_failure_editorial.pdf


Clinical Reviews and Case Reports                                                                                                                                                                                                 Page 10 of 11 

36. Mancia, G., Scopelliti, F., & Grassi, G. (2006, September). 

Hypertension and the heart. In Seminars in Cardiothoracic and 

Vascular Anesthesia (Vol. 10, No. 3, pp. 198-202). Sage CA: 

Thousand Oaks, CA: Sage Publications. 

37. Adamson, D. L., & Nelson-Piercy, C. (2008). Managing 

palpitations and arrhythmias during pregnancy. Postgraduate 

medical journal, 84(988), 66-72. 

38. Fiengo, L., Bucci, F., Patrizi, G., Giannotti, D., & Redler, A. 

(2013). Postpartum deep vein thrombosis and pulmonary 

embolism in twin pregnancy: undertaking of clinical symptoms 

leading to massive complications. Thrombosis journal, 11, 1-4. 

39. Heit, J. A., Kobbervig, C. E., James, A. H., Petterson, T. M., 

Bailey, K. R., & Melton III, L. J. (2005). Trends in the incidence 

of venous thromboembolism during pregnancy or postpartum: a 

30-year population-based study. Annals of internal 

medicine, 143(10), 697-706. 

40. James, A. H., Jamison, M. G., Brancazio, L. R., & Myers, E. R. 

(2006). Venous thromboembolism during pregnancy and the 

postpartum period: incidence, risk factors, and 

mortality. American journal of obstetrics and gynecology, 194(5), 

1311-1315. 

41. Devis, P., & Knuttinen, M. G. (2017). Deep venous thrombosis in 

pregnancy: incidence, pathogenesis and endovascular 

management. Cardiovascular diagnosis and therapy, 7(Suppl 3), 

S309. 

42. James, A. H., Tapson, V. F., & Goldhaber, S. Z. (2005). 

Thrombosis during pregnancy and the postpartum 

period. American journal of obstetrics and gynecology, 193(1), 

216-219. 

43. James, A. H., Jamison, M. G., Biswas, M. S., Brancazio, L. R., 

Swamy, G. K., & Myers, E. R. (2006). Acute myocardial 

infarction in pregnancy: a United States population-based 

study. Circulation, 113(12), 1564-1571. 

44. Hovatta O, Ranta S, Ämmälä P. (2020). Spontaneous coronary 

artery dissection and pregnancy. Acta Obstet Gynecol Scand, 99 

(5):711-718.  

45. Bašková L, Štefanec P, Nescáková E, et al. (2020). Aortic 

Dissection in Pregnancy: A Systematic Review of Incidence, 

Pathogenesis, Diagnosis, Treatment and Outcomes. J Clin Med, 9 

(6):1851.  

46. Barton, J. R., & Sibai, B. M. (2008). Prediction and prevention of 

recurrent preeclampsia. Obstetrics & Gynecology, 112(2 Part 1), 

359-372. 

47. Koh AS, Chew ST, Lim WS, Ti LK. (2019). Maternal mortality: 

the Singapore experience. Int J Obstet Anesth., 37:73-77. 

48. Creanga, A. A., Syverson, C., Seed, K., & Callaghan, W. M. 

(2017). Pregnancy-related mortality in the United States, 2011–

2013. Obstetrics & Gynecology, 130(2), 366-373. 

49. Kaaja, R. J., & Greer, I. A. (2005). Manifestations of chronic 

disease during pregnancy. Jama, 294(21), 2751-2757. 

50. Ouzounian, J. G., & Elkayam, U. (2012). Physiologic changes 

during normal pregnancy and delivery. Cardiology clinics, 30(3), 

317-329. 

51. [Bramham, K., Parnell, B., Nelson-Piercy, C., Seed, P. T., Poston, 

L., & Chappell, L. C. (2014). Chronic hypertension and pregnancy 

outcomes: systematic review and meta-analysis. Bmj, 348. 

52. Vricella LK. (2017). Emerging insights into the relationship 

between maternal obesity and pregnancy-related complications. 

Curr Opin Obstet Gynecol, 29(6):408-414 

53. Umar F, Rana FS, Syed A, Mahmood KT. (2018). 

Multidisciplinary management of cardiovascular disease in 

pregnancy. J Biomed Sci. 25(1):68. 

54. Siu, S. C., Sermer, M., Colman, J. M., Alvarez, A. N., Mercier, L. 

A., Morton, B. C., ... & Cardiac Disease in Pregnancy 

(CARPREG) Investigators. (2001). Prospective multicenter study 

of pregnancy outcomes in women with heart 

disease. Circulation, 104(5), 515-521. 

55. Silversides, C. K., Grewal, J., Mason, J., Sermer, M., Kiess, M., 

Rychel, V., ... & Siu, S. C. (2018). Pregnancy outcomes in women 

with heart disease: the CARPREG II study. Journal of the 

American College of Cardiology, 71(21), 2419-2430. 

56. DeFilippis, E. M., Bhagra, C., Casale, J., Ging, P., Macera, F., 

Punnoose, L., ... & Kittleson, M. M. (2023). Cardio-obstetrics and 

heart failure: JACC: heart failure state-of-the-art review. Heart 

Failure, 11(9), 1165-1180. 

57. Mavrides, E., et al. (2019). "Pregnancy and heart disease: A review 

of the literature." British Journal of Obstetrics and Gynaecology. 

58. Hofmeyr, G. J., et al. (2020). "Cardiac risk in pregnancy: A 

prospective study." Heart. 

59. Drenthen, W., Boersma, E., Balci, A., Moons, P., Roos-Hesselink, 

J. W., Mulder, B. J., ... & Zahara Investigators. (2010). Predictors 

of pregnancy complications in women with congenital heart 

disease. European heart journal, 31(17), 2124-2132. 

60. Gatzoulis, M. A., et al. (2018). "Management of pregnancy in 

women with heart disease." EuroHeartCare. 

61. Bennett, C., et al. (2021). "The role of NT-proBNP in predicting 

cardiac events in pregnancy." Journal of the American College of 

Cardiology. 

62. Zhou, Y., et al. (2022). "Machine learning applications in 

predicting maternal cardiovascular risk." JAMA Cardiology. 

63. Gliozheni, O., & Gliozheni, E. (2020). Some Solutions to Reduce 

Maternal Mortality. Orion, 14(1). 

 

 

 

 

 

 

 

 

 

https://journals.sagepub.com/doi/abs/10.1177/1089253206291315
https://journals.sagepub.com/doi/abs/10.1177/1089253206291315
https://journals.sagepub.com/doi/abs/10.1177/1089253206291315
https://journals.sagepub.com/doi/abs/10.1177/1089253206291315
https://academic.oup.com/pmj/article-abstract/84/988/66/7023458
https://academic.oup.com/pmj/article-abstract/84/988/66/7023458
https://academic.oup.com/pmj/article-abstract/84/988/66/7023458
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fiengo%2C+L.%2C+Bucci%2C+F.%2C+Patrizi%2C+G.%2C+Giannotti%2C+D.%2C+%26+Redler%2C+A.+%282013%29.+Postpartum+deep+vein+thrombosis+and+pulmonary+embolism+in+twin+pregnancy%3A+undertaking+of+clinical+symptoms+leading+to+massive+complications.%C2%A0Thrombosis+journal%2C%C2%A011%2C+1-4.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fiengo%2C+L.%2C+Bucci%2C+F.%2C+Patrizi%2C+G.%2C+Giannotti%2C+D.%2C+%26+Redler%2C+A.+%282013%29.+Postpartum+deep+vein+thrombosis+and+pulmonary+embolism+in+twin+pregnancy%3A+undertaking+of+clinical+symptoms+leading+to+massive+complications.%C2%A0Thrombosis+journal%2C%C2%A011%2C+1-4.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fiengo%2C+L.%2C+Bucci%2C+F.%2C+Patrizi%2C+G.%2C+Giannotti%2C+D.%2C+%26+Redler%2C+A.+%282013%29.+Postpartum+deep+vein+thrombosis+and+pulmonary+embolism+in+twin+pregnancy%3A+undertaking+of+clinical+symptoms+leading+to+massive+complications.%C2%A0Thrombosis+journal%2C%C2%A011%2C+1-4.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fiengo%2C+L.%2C+Bucci%2C+F.%2C+Patrizi%2C+G.%2C+Giannotti%2C+D.%2C+%26+Redler%2C+A.+%282013%29.+Postpartum+deep+vein+thrombosis+and+pulmonary+embolism+in+twin+pregnancy%3A+undertaking+of+clinical+symptoms+leading+to+massive+complications.%C2%A0Thrombosis+journal%2C%C2%A011%2C+1-4.&btnG=
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-143-10-200511150-00006
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-143-10-200511150-00006
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-143-10-200511150-00006
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-143-10-200511150-00006
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-143-10-200511150-00006
https://www.sciencedirect.com/science/article/pii/S000293780502452X
https://www.sciencedirect.com/science/article/pii/S000293780502452X
https://www.sciencedirect.com/science/article/pii/S000293780502452X
https://www.sciencedirect.com/science/article/pii/S000293780502452X
https://www.sciencedirect.com/science/article/pii/S000293780502452X
https://pmc.ncbi.nlm.nih.gov/articles/PMC5778511/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5778511/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5778511/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5778511/
https://www.sciencedirect.com/science/article/pii/S0002937804019957
https://www.sciencedirect.com/science/article/pii/S0002937804019957
https://www.sciencedirect.com/science/article/pii/S0002937804019957
https://www.sciencedirect.com/science/article/pii/S0002937804019957
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.105.576751
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.105.576751
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.105.576751
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.105.576751
https://pubmed.ncbi.nlm.nih.gov/27607875/
https://pubmed.ncbi.nlm.nih.gov/27607875/
https://pubmed.ncbi.nlm.nih.gov/27607875/
https://pubmed.ncbi.nlm.nih.gov/31794127/
https://pubmed.ncbi.nlm.nih.gov/31794127/
https://pubmed.ncbi.nlm.nih.gov/31794127/
https://pubmed.ncbi.nlm.nih.gov/31794127/
https://journals.lww.com/greenjournal/fulltext/2008/08000/Prediction_and_Prevention_of_Recurrent.26.aspx
https://journals.lww.com/greenjournal/fulltext/2008/08000/Prediction_and_Prevention_of_Recurrent.26.aspx
https://journals.lww.com/greenjournal/fulltext/2008/08000/Prediction_and_Prevention_of_Recurrent.26.aspx
https://journals.lww.com/co-infectiousdiseases/FullText/2008/04000/Current_World_Literature.16.aspx
https://journals.lww.com/co-infectiousdiseases/FullText/2008/04000/Current_World_Literature.16.aspx
https://journals.lww.com/greenjournal/fulltext/2017/08000/Pregnancy_Related_Mortality_in_the_United_States,.15.aspx?sessionEnd=true
https://journals.lww.com/greenjournal/fulltext/2017/08000/Pregnancy_Related_Mortality_in_the_United_States,.15.aspx?sessionEnd=true
https://journals.lww.com/greenjournal/fulltext/2017/08000/Pregnancy_Related_Mortality_in_the_United_States,.15.aspx?sessionEnd=true
https://jamanetwork.com/journals/jama/article-abstract/201942
https://jamanetwork.com/journals/jama/article-abstract/201942
https://www.sciencedirect.com/science/article/pii/S0733865112000641
https://www.sciencedirect.com/science/article/pii/S0733865112000641
https://www.sciencedirect.com/science/article/pii/S0733865112000641
https://www.bmj.com/content/348/bmj.g2301.abstract
https://www.bmj.com/content/348/bmj.g2301.abstract
https://www.bmj.com/content/348/bmj.g2301.abstract
https://mro.massey.ac.nz/handle/10179/15675
https://mro.massey.ac.nz/handle/10179/15675
https://mro.massey.ac.nz/handle/10179/15675
https://www.academia.edu/download/112806419/479157342.pdf
https://www.academia.edu/download/112806419/479157342.pdf
https://www.academia.edu/download/112806419/479157342.pdf
https://www.ahajournals.org/doi/abs/10.1161/hc3001.093437
https://www.ahajournals.org/doi/abs/10.1161/hc3001.093437
https://www.ahajournals.org/doi/abs/10.1161/hc3001.093437
https://www.ahajournals.org/doi/abs/10.1161/hc3001.093437
https://www.ahajournals.org/doi/abs/10.1161/hc3001.093437
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.02.076
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.02.076
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.02.076
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.02.076
https://www.jacc.org/doi/abs/10.1016/j.jchf.2023.07.009
https://www.jacc.org/doi/abs/10.1016/j.jchf.2023.07.009
https://www.jacc.org/doi/abs/10.1016/j.jchf.2023.07.009
https://www.jacc.org/doi/abs/10.1016/j.jchf.2023.07.009
https://pubmed.ncbi.nlm.nih.gov/9447346/
https://pubmed.ncbi.nlm.nih.gov/9447346/
https://pubmed.ncbi.nlm.nih.gov/38186795/
https://pubmed.ncbi.nlm.nih.gov/38186795/
https://academic.oup.com/eurheartj/article-abstract/31/17/2124/464058
https://academic.oup.com/eurheartj/article-abstract/31/17/2124/464058
https://academic.oup.com/eurheartj/article-abstract/31/17/2124/464058
https://academic.oup.com/eurheartj/article-abstract/31/17/2124/464058
https://pubmed.ncbi.nlm.nih.gov/34405872/
https://pubmed.ncbi.nlm.nih.gov/34405872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8555044/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8555044/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8555044/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8889564/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8889564/
https://www.ijhns.com/abstractArticleContentBrowse/DSJUOG/18925/JPD/fullText
https://www.ijhns.com/abstractArticleContentBrowse/DSJUOG/18925/JPD/fullText


Clinical Reviews and Case Reports                                                                                                                                                                                              Page 11 of 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 
otherwise stated in a credit line to the data. 

 

 

 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 

 

Learn more http://clinicsearchonline.org/journals/clinical-reviews-and-case-

reports 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://clinicsearchonline.org/journals/clinical-reviews-and-case-reports
http://clinicsearchonline.org/journals/clinical-reviews-and-case-reports

