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              Cardiac hypertrophy is a chief dangerous factor for heart failure, 

which is the leading cause of child mortality among birth defects 

internationally.  It is a disorder that is defined by the heart muscle 

thickening, which expands the size of the heart chambers to improve the 

heart's capacity to pump blood into the body's tissues and organs. Pregnant 

women with a family history, of pre-gestational diabetes mellitus 

(PGDM), preeclampsia, or hypertension are at high risk of carrying a fetus 

with cardiac hypertrophy. These inborn developmental defects might 

include various cardiac defects along with fetal cardiomyopathy. 

Symptoms of the disease vary from minor to major and may include chest 

pain, as well as dyspnea. It is diagnosed based on medical history, a physical 

exam and echocardiogram results. Protection and treatment of the unborn 

fetus with cardiac hypertrophy can be achieved via lifestyle adjustment, 

obesity avoidance, medications and sometimes procedures. The aim of the 

current research is to address the etiology, diagnosis, pathogenesis and 

protection from cardiac hypertrophy as a teratological disorder in embryo. 

 

 

I. Introduction  

Cardiac hypertrophy is a chief dangerous factor for heart failure, which is the 

leading cause of child mortality among birth defects internationally (Kumarswamy and 

Thum, 2013; Gelb et al., 2013). Although genomic issues contribute significantly toward 

root cardiac heart diseases (CHD), specific genetic lesions are unknown for patients 
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(Reller et al.,2008). Adult humans fail to renew their hearts after injury. This 

disappointment to renew the myocardium is a reason for heart disorder and death 

worldwide. In spite of, only adult mammals near death have a high ability to renew their 

heart, cardiac muscle can be regenerated throughout life in some vertebrates (Reller et al., 

2008).  

Cardiac hypertrophy is a general response of the heart muscle towards many 

physiological and pathological stimuli. It has been stated that CHD is characterized by 

increased heart mass relative to body weight. CHD or Inflation of the heart is generally 

divided into two groups: adaptive and maladaptive. Adaptive inflation includes both 

physiological hypertrophy and compensated hypertrophy.  

First, physiological hypertrophy is induced by physiological stimuli, such as 

pregnancy and exercise. Second, compensated hypertrophy is achieved in response to 

hemodynamic stress, neurohumoral stimuli and other pathological insults (Hunter and 

Chien, 1999; Frey and Olson, 2003).   Physiological hypertrophy is characterized by 

increased cardiac size with regular and/or enhanced cardiac function. Especially, exercise-

induced physiological hypertrophy offers significant cardioprotection toward ischemia-

reperfusion injury and pressure overload insult (Powers et al., 2014; Moreira-Goncalves 

et al., 2015). If the previous harmful factors, such as dynamic stress and hyperstimulation 

of the neurotransmitter, continue, the compensated hypertrophy may change into 

maladaptive hypertrophy and lead to heart failure (Condorelli et al., 2008). Cardiac 

hypertrophy is a disorder defined by the thickening of the heart muscle, which causes the 

heart chambers to enlarge, expanding the heart's ability to pump blood to tissues and 

organs throughout the body (Xiangbo et al., 2016). 

Early pregnancy is a sensitive period for fetal cardiac development, and it is 

possible that maternal blood pressure, or other cardiovascular alterations during 

pregnancy, has a direct effect on the development of offspring cardiac structures. Cardiac 

structures develop early in the human fetus, and by the end of the first trimester, they are 

largely developed and functional (Leiva et al., 1999).  

Neonatal cardiac hypertrophy during gestation and/or later after birth might be due 

to intrauterine exposure to hyperglycemia, preeclampsia, and high blood pressure (Fraser 

et al., 2013; Davis et al., 2012; Kajantie et al., 2009). Women with diabetes before 

pregnancy are more susceptible to having children with congenital malformations, cardiac 

abnormalities, and nervous system disorders than non-diabetic women. These diseases 

occur early because both the vascular and nervous system appears to develop at an early 

stage, the period that is vulnerable to external harmful factors (Wickstrom et al., 2005; 

Rich-Edwards et al.,2014; Jayet et al.,2010).  

Pregnant women with either pre-gestational diabetes mellitus (PGDM) or 

gestational diabetes mellitus are at high susceptibility (2–5 times higher than non-diabetic 

pregnancies) to carrying a fetus with congenital anomalies, such as phocomelia, cardiac 

disturbances, macrosomia and central nervous system malformations (Ejdesjo et al., 2012; 

Gheorman et al., 2011). Among those congenital disorders induced by hyperglycemia, 

congenital heart disease (Simeone et al., 2015) and anomalies of the nervous system are 

the most prominent (Li et al., 2012). It was stated that both the cardiovascular and nervous 

systems start to develop during the early embryonic developmental stage, the period that 

is at risk to external harmful elements. 

 Hyperglycemia is hypothesized to be the most important teratogen affecting 

cardiovascular formation as a result of producing excess reactive oxygen species (ROS) 

(Zangen et al., 2002; Jin et al., 2013). These inborn developmental defects might include 

various cardiac defects along with fetal cardiomyopathy (Corrigan et al., 2009). Diabetic 

cardiomyopathy induced principally by continuous hyperglycemia displays as cardiac 
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hypertrophy, and heart failure would occur if serious pathogenesis existed (Ding et al., 

2013).  

It has been reported that Cardiac structure defects including cardiac hypertrophy 

in youth might be attributed to fetal exposure to preeclampsia (Simon et al., 2016). In 

Saudi Arabia, 566 out of 2269 had neonatal congenital heart disease (Reller et al., 2008). 

The aim of the current research is to address the etiology, diagnosis, pathogenesis 

and protection from cardiac hypertrophy as a teratological disorder in embryo. 

II.Etiology: 

The causes of coronary artery disease are still unknown to a large extent (Reller et 

al., 2008). It is well known that the main constituents of the embryonic heart are composed 

of the cardiac precursor cells, the cardiac neural crest and the pro-epicardium. During 

cardiogenesis, a greater risk of congenital heart disease is possible if the migration or 

differentiation of cardiac precursor cells is altered. For example, a change in the 

embryological origin of the right and left ventricular myocardium is implicated in 

congenital heart disease.  

 Another consideration is that cardiogenesis is a very complex process and that the 

heart is susceptible to both internal and externally damaging stimuli. Normal heart 

formation relies on specific spatiotemporal regulation by heart-development-related genes 

at different embryonic developmental stages. It has been shown that fibroblast growth 

factor signaling is required for the rearrangement of cardiac progenitor cells in the primary 

heart field of Drosophila and chicks. This cardiac precursor specification occurs when 

these cells reach the anterior lateral plate mesoderm (Martinsen, 2005; Zaffran et al., 2004; 

Beiman et al., 1996; Yang et al., 2002). In addition, bone morphogenetic protein 2 (BMP2) 

expressed by the anterior endoderm is considered a crucial stimulator for the myocardium 

and plays an important role in cardiac induction in the chick embryo. Furthermore, Nkx2.5 

and GATA4, as well as myocardin and Tbx20, are essential transcription factors that 

characterize and control the cardiogenic differentiation of cardiac processor cells (Ejdesjo 

et al., 2012). The excessive production of reactive oxygen species (ROS) is one factor that 

is relevant to DM T2 (Diabetes Mellitus Type 2) and is responsible for the development 

of diabetic cardiomyopathy (Huynh et al., 2012).  This is achieved either through 

participation in the production of ROS or independent of ROS production. However, the 

exact pathogenesis of hyperglycemia-induced cardiac hypertrophy in a developing fetus 

still remains controversial. 

Offspring exposed to intrauterine preeclampsia have decreased flow-mediated 

dilation, which was not observed in their unexposed fraternal, suggesting a direct maternal 

effect. Additionally, a direct effect of exposure to preeclampsia on fetal cardiac 

development is reasonable and is due to disturbed pressure loads and hypoxia during the 

development of the myocardium which might have a long-lasting impact on its structure 

and function. The increase in the number of myocytes in the human myocardium is 

obvious during early life, and subsequent cardiac growth is mostly mediated through 

hypertrophy of previously formed myocytes which is obvious later during adolescence as 

an outcome of fetal preeclampsia exposure (Simon et al., 2016). 

Women with preeclampsia have altered left ventricular geometry compared to 

those with a normal pregnancy, (Melchiorre et al.,2011) which only partly is reversible 

postpartum Melchiorre et al.,2011). Meanwhile, women with gestational hypertension 

have been found to demonstrate higher relative wall thickness (RWT), a measure of left 

ventricular concentricity, in late pregnancy compared to normotensive pregnant women, 

(Valensise et al., 2001) and RWT in adolescence seems to have a substantial heritable 

component  (Kapuku et al.,2008) Thus, women with altered cardiac geometry or greater 

RWT might be both more likely to have preeclampsia or hypertension during pregnancy, 
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as well as to have offspring with altered cardiac geometry and higher RWT simply because 

of shared genes between mother and offspring. 

In the adult heart, factors that elevate blood pressure such as Angiotensin-II (ANG-

II) have direct effects on cardiac function and structure, inducing several growth-

promoting genes, protein synthesis, and cell growth (Sadoshima and Izumo, 1993; 

Schunkert et al., 1995). For an instance, the renin-angiotensin system (RAS) plays a 

crucial role in cardiovascular control. In the mature heart, infusion of ANG II stimulates 

the development of cardiac hypertrophy independently of effects on blood pressure 

(Dostal and Baker, 1992; Kim et al., 1995), whereas blockade of the renin-angiotensin 

system (RAS) with a converting-enzyme inhibitor or an ANG II type 1 (AT1)-receptor 

antagonist attenuates the development of pressure overload-induced hypertrophy and 

inhibits many of the molecular and cellular adaptations to pressure-overload states (Pan et 

al., 1997; Rockman et al., 1994). The responsiveness of the immature myocardium to 

pressure elevating factors is less well studied. In vitro, ANG II stimulates fetal 

cardiomyocyte proliferation, but not hypertrophy (Sundgren et al., 2003). In vivo, infusion 

of ANG II results in late-gestation fetal cardiomyocyte proliferation and hypertrophy; 

however, whether this is a direct or indirect effect, resulting from increased blood pressure 

and mechanical load is not known (Norris et al., 2014). It has been found that pressure 

risen factors significantly increased fetal mean blood pressure by 15–20 mmHg, resulting 

in increased cardiac mass via cardiomyocyte hypertrophy and proliferation (Norris et al., 

2014; Segar et al., 2001). It was also demonstrated that ANG II indirectly induces cardiac 

growth, cardiomyocyte hypertrophy, and maturation in early-gestation fetal sheep 

primarily through load-dependent mechanisms.  

 III.Symptoms and Diagnosis: 

Symptoms of the disease vary from minor to severe and may include chest pain, 

dyspnea. Fetal investigations show an increase in the heart mass, not only through 

hyperplasia, which is a process dependent on dislocation but also through the fetal stages 

recognized through physiological inflation, metastasis, musculoskeletal retrieval, 

regrowth and hypertensive growth.  

Various reports indicated that no clinical uniform diagnostic standard for fetal 

cardiac hypertrophy. However, fetal cardiac hypertrophy in clinical cases could be 

confirmed if the interventricular septum (IVS) is greater than two standard deviations. 

The reports (Martinsen, 2005) showed that the value of normal full-term fetal IVS and 

left ventricular posterior wall (LVPW) was 2.4mm in a color ultrasound. Therefore, they 

used the value of 2.4 mm as the standard for the examination of fetal hearts using color 

ultrasound. 

In the animal model of fetal cardiac hypertrophy, the thickness of the right 

ventricular anterior wall (RVAW), the thickness of IVS and the thickness of the left 

ventricular posterior wall (LVPW) were greater when compared with the control group. 

In addition, the diameters of the cardiac cavities in (right and left ventricular cavities) 

were less than the cardiac cavities of the control group. The vertical sections of fetal 

cardiac hypertrophic mice revealed the hypertrophic heart and cardiac cavity shrank in 

mouse hearts compared to those of the control group at the same developmental stage 

(Sha-shaHan et al., 2015).  

Noteworthy, later in offspring, cardiac hypertrophy is diagnosed based on 

medical history (your symptoms and family history), a physical exam, and echocardiogram 

results. Additional tests may include blood tests, electrocardiogram, chest X-ray, exercise 

stress test, cardiac catheterization, CT scan, and MRI (https://www.webmd.com/heart-

disease/guide/hypertrophic-cardiomyopathy#1).  
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IV. Pathogenesis: 

IV. 1. Cardiac Hypertrophy And Diabetes: 

Alterations in cell magnitude rather than cell proliferation or apoptosis are 

responsible for hyperglycemia-induced fetal cardiac hypertrophy, and its regulatory 

target genes in the presence of high glucose could be a principal component of 

pathogenesis in the education of fetal cardiac hypertrophy (Ejdesjo et al., 2012), early 

growth and subsequent risk of diseases including obesity, DM T2, and ischemic heart 

disease (Blackmore and Ozanne, 2015; Cosmi et al., 2014; Kanguru et al., 2014). 

Pregestational diabetes is the leading cause of fetal intrauterine growth 

retardation. It is well known that a pregnant woman with DM T2 and her unborn child 

are equally at bigger risk of gestation complications such as pre-eclampsia, preterm 

births, stillbirths, macrosomia, miscarriage, growth retardation, and congenital 

anomalies (Bhat et al., 2012; Yogev et al., 2010; Somaratne et al., 2011). Cardiac septal 

overgrowth effects on neonates born to mothers with pregestational diabetes. The 

functional impact of neonatal cardiac septal hypertrophy can range from clinically 

asymptomatic to potentially fatal congestive heart failure stemming from left ventricular 

Channel obstruction (Aman et al., 2011; Gutgesell and Speer, 2980).  

IV. 2. Cardiac Hypertrophy in Relation to Preeclampsia and High Blood Pressure: 

Shared genetic risk between the mother and offspring may thus be a contributor to 

increased offspring risk. However, offspring exposed to maternal preeclampsia have 

decreased flow-mediated dilation, which was not observed in their unexposed siblings, 

suggesting a direct intrauterine effect (Jayet et al., 2010).  

Furthermore, a direct influence of exposure to preeclampsia on fetal cardiac 

development is plausible (Lewandowski and Leeson, 2014), given that altered pressure 

loads and hypoxia during the development of the myocardium might have a long-lasting 

effect on its structure and function (Davis et al., 2012; Kehat and  Molkentin, 2010). The 

increase in the number of myocytes in the human myocardium plateaus during early life 

and subsequent cardiac growth is mostly mediated through hypertrophy of previously 

formed myocytes ( Anversa et al., 2007).  

Several but not all, studies have suggested that exposure to maternal preeclampsia 

or hypertension during pregnancy is associated with adverse cardiac or vascular structure 

and function in offspring in childhood (Jayet et al., 2010; Fugelseth et al., 2011; 

Himmelmann et al., 1994; Kvehaugen et al., 2011) and later in life (Lewandowski et al., 

2013). 

V. Protection and Treatment: 

Unfortunately, prolonged cardiac hypertrophy finally leads to heart failure and 

death. Even with normal cardiac function in the early period of cardiac hypertrophy, the 

cardiomyocytes undergo phenotypic changes such as increased cell magnitude, although 

large efforts have been made to unravel the molecular mechanism underlying the changes 

that occur during cardiac hypertrophy and heart failure, the molecular mechanisms 

remain elusive. (Simon et al., 2016; Reller et al., 2008; Martinsen, 2005). 

Treatment for children who are born with cardiac hypertrophy is intended at 

avoiding symptoms and complications and involves risk identification and regular 

follow-up, lifestyle adjustment, medications, and surgical procedures if necessary. 

Diet, drinking at least six to eight, 8-ounce glasses of water a day is important 

unless fluids are restricted. Most people with cardiomyopathy are able to do non-

competitive aerobic exercise. However, they may be asked not to do exercise, based on 

their symptoms and the severity of the disease. Heavy weight lifting is not recommended. 

Patients with Hypertrophic cardiomyopathy (HCM) should have an annual follow-up 

visit with their cardiologist to monitor their condition.  
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Medications are used to relax the heart and reduce the degree of obstruction so 

the heart can pump more efficiently. 

Surgical procedures such as septal myectomy are needed. It aims to decrease 

the thickened heart septal wall to widen the path for blood from the left ventricle to aorta 

(https://www.webmd.com/heart-disease/guide/hypertrophic-cardiomyopathy#1). 

VI. Conclusion: 

In conclusion, cardiac hypertrophy is a serious disorder that causes the heart 

muscle to thicken and the heart chambers to enlarge, increasing the heart's capacity to 

pump blood to the body's tissues and organs.  

The exact pathogenesis of cardiac hypertrophy in a developing fetus still remains 

controversial. Signs of the disease vary from minor to severe symptoms. It is diagnosed 

later in offspring based on medical history, and echocardiogram results. Protection and 

treatment vary from lifestyle adjustment to medication, and surgery. 
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ARABIC SUMMARY 

 

 تضخم القلب: اضطراب الحمل الجنيني 

 

و سماح محمد فتحى  عطيف عبده ربا   
 قسم الأحياء-کلية العلوم -جامعة  جازان -المملکة العربية السعودية

 

أحد العيوب الخلقية الجنينية والسبب  ، وهو  لأمراض القلب المختلفةيعد تضخم القلب عاملاً خطيرًا رئيسيًا              

حتى   ،هحجم غرف  يفمما يؤدي الى اتساع    ،بعضلة القل  هذا التشوه بزيادة سمكزيميت.  عالميا  وفيات الأطفالالرئيسي ل

   .القلب ضخ الدم إلى الأنسجة والأعضاء حول الجسم يستطيع
أو تسمم الحمل أو   داء السكري قبل الحملاللاتي أصبن بالنساء الحوامل اللاتي لديهن تاريخ عائلي أو  تعد              

الدم   إنجاب طفل مصاب بت  هن أكثرالنساء عرضة لخطر ارتفاع ضغط  أو  قلبي. تتفاوت أعراض  حمل جنين  ضخم 

أما بالنسبة لتشخيص  ألم في الصدر، وكذلك ضيق التنفس.    الأعراض  ، وقد تشملشديدةإلى    ةبسيطأعراض  المرض بين  

تتمثل طرق الوقاية والعلاج مخطط صدى القلب.  فحص  يتم على أساس التاريخ الطبي، والفحص البدني ونتائج  المرض ف

اللجوء الى الجراحة  الأدوية وأحياناً  استخدام  تعديل نمط الحياة وتجنب السمنة وهمها  عدة طرق أخلال  من هذا الخلل من  

الحالي هو  إذا تطلب الأمر البحث  الهدف من  وال  استعراض.  الخلقي  أسبابمسببات والتشخيص  التشوه  طرق  و  هذا 

 أو بعد الولادة. الأجنةالوقاية والعلاج في 

 .، الحمل، الجنينالخلقيةتضخم القلب، أمراض القلب   الكلمات المفتاحية: 
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