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Normal and Abnormal Development of the Heart

Jeong Wook Seo, M.D.*, Jung Yun Choi, M.D.*, Kyung Phill Suh, M.D.***, Je G. Chi, M.D.*™**

Studies on normal human embryos and on malformed human hearts have been two main sources of
the information on the developmental cardiology. Recent advances in the biological technology has
opened a new era and descriptive embryology is being shifted into dynamic developmental biology. In
this review, we discuss the current understanding on the cardiac embryology relevant to clinical practices
of pediatric cardiology.

Classical cardiac embryology starts with understanding on five segments of a straight heart tube. the
sinus venosus, the primitive atria, the embryonic left ventricle, the embryonic right ventricle and the
truncus arteriosus. Key steps in the normal morphogenetic process are the complex spiral septation of
ventriculoarterial junction and two jumping connections; between the embryonic right atrium and
embryonic right ventricle, and between the embryonic left ventricle and the aorta. Only after these two
steps are successfully completed, the third fetal stage takes place, when myocardial growth and
remodeling take place.

There are two outstanding progresses on the cardiac embryology during recent five-year period. One is
immunohistochemical mapping of the conduction system in the developing heart and the other is the
understanding on the neural crest cell migration followed by molecular detection of the microdeletion of
chromosome 22. A balanced progress of classical morphological studies, modern biological technics and
advanced clinical medicine is an urgent task for doctors and scientists dealing with children with sick
hearts.

(Korean J Thorac Cardiovasc Surg 1996 ;29 : 136-46)
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Fig. 1. A mouse embryo before the heart is formed. At the 9th embryonic day there is a cardiogenic area (arrow heads) overlying
the neural plate(NP). Cardiogenic area is at the junction between the neuroectoderm and the surface ectoderm, just rostral to the for-
egut pouch(FG). The embryo is in a lordotic position such that endodern is exposed to thesurface. Amniotic membrane (AM) is cov-
ering the back of the embryo and allantoise (AL) is in the exocelomic cavity. A :lateral aspect. B:frontal aspect. C:scanning electron
micrograph of the frontal aspect. Bar in C represent 200 um.
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Fig. 2. A:A iransverse sectional view of an agar embedded heart at day 12(37 somites) shows a big right atrial appendage
(RA-A) and smaller left appendage(LA-A). The central portion of the atrial wall is the body of atrium (BODY) connected to the
atrioventricular canal (AVC). Valves(VV) are seen at the opening of the sinus venosus(SV) AO:dorsal aorta, LV :left ventricle, RV:
right ventricle. Bar represents 100 um. B: Histological section of an embryo at day 12(34 somites) in a similar transverse plane to A.
The body of atrium has right atrial and left atrial components(RA-B and LA-B) divided by the pulmonary venous connection (PV).
The atrial wall was attached to the pulmonary mesenchyme through the dorsal mesocardium, which is surrounded by the pericar-
dium. The vestibule (VES) is a short segment at the atrial outlet to the atrioventricular canal(AVC). Septum primum (S. PR) is at the
unction between the atrial chambers and septum spurium(S. SP) is a cranial extension of valves of sinus venosus. RV-O :outlet seg-

ment of the right ventricle, BR : bronchus.
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Fig. 3. Cranial aspect of a heart after removal of the aortic
sac and arches of an embryo at day 13(8 mm by crown rump

length). Atrial arrangement is mirror-imaged. Arrow heads indi-
cate the interatrial junction continuous to the dorsal mesocar-
dium. Short arrows indicate the epicardial marker of the septum
spurium and long arrows indicates infolding of the septum sec-
undum. OFS :outflow segment. Bar represents 100 um.
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Fig. 4. Scanning electronmicrographs of murine hearts with
trisomy 16. The left lateral wall of the left ventricle is removed.
A. A heart at embryonic day 13. shows superior and inferior
endocardial cushions(SC, IC) bridging over two ventricles. B. A
heart at embryonic day 16 shows superior and inferior bridging
leaflets (SBL, IBL) with chordae. LV :left ventricle, RV : right ven-
tricle, LA :left atrium, PT: pulmonary trunk, CS:coronary sinus.
Bars represent 200 um.
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Table 1. Topics at the Fourth international Symposium on
Etiology and Morphogenesis of Congenital Heart Disease. In-
born heart disease-developmental mechanism(November 25-27,
1993, Tokyo, Japan).

—Molecular biology

—Clinical molecular biology

—Early cardiogenesis (1, II)
—Morphogenesis and teratology (I, IT)
—Functional development

—Right and left problem

—Clinical genetics and cytogenetics
—Genetics and epidemiology
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Table 2. Topics at the New York Academy of Science Con-
ference on “Embryonic  Origin of Defective Heart
Development.” (May 4-6, 1989, Arlington, Virginia, U.S.A.)

—Normal and defective development of the heart and related
structures

—Cell-cell interaction and extracellular matrix

—Membrane and control phenomena

~Membrane channels

—Molecular biology, contractile protein and angiogenesis

—Experimentally induced developmental defects
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Fig. 5. Scanning electronmicrographs of inferior aspects of embryonic hearts with iv/iv mutation at the 11th day. Various types
of the abnormal atrial arrangement and ventricular loop are shown. A:Usual arrangement, B: Left isomerism, C: Right isomerism.
Bars represent 100 um.
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