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Table 1. List of the human embryos by Streeter’s stage,
crown-rump length and plane of section

= T

: nieth Ma f
Case No. 5“;;;' 5 Cl:RmI::n }LT 5'E':r:&!_m::;'l
4 weeks of gestation (n=3]
ESR 19 12 Transveree
ESR 49 |3 56 Sagitral
ESR 95 13 5.0 Sagittal
5 weeks.of gestation [n=5)
ESR 9 14 Frontal
ESR 93 15 7.0 Frontal
ESE B2 15 Frontal
ESR &0 15 7.4 Sagittal
ESE 180 15 7.0 Frontal
6 weeks of gestation (n=3)
ESR 59 16 9.0 Frontal
ESE 68 17 11 Frontal
ESK 1 17 11 Transverse
7 weeks of gestation (n=10)
ESR 63 1920 15 Frontal
ESR 12 15 Transverse
ESR 46 18 14 Frontal
ESER 7 19 19 Frontal
5834919 20 23 Sagittal
ESR 43 18 Sagittal
ESlt &1 19 Frontal
ESE 18 19 Sagitial
ESR 26 Sagittal
ESR 48 16.5 Sagittal
8 weeks of gestation {n=8)
ESRE 17 21 20,5 Sagittal
ESE 25 22 23.5 Frontal
ESRE @ 23 25 Frontal
ESR 55 23 22 Sagittal
ESR 2 Sagittal
ESR 70 21 Frontal
EsR 22 Frontal
E5R 149 27 Frontal

R

Mole : n ; Number of cases, CR; Crown-rump
E5R ; Embryo serial scction registry
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Table 2. List of chick embryos used in this study

Develop- N f
mental H-H stage 5-H equivalent 0.0
age (days) cases

2.5 1617 13 2

3.5 20—-22 13-14 1

4.5 25 16 2

5.5 2728 18—19 2

1.5 32 22123 1

——o

H-H stage : Hamburger Hamilton stage
5-H equivaelnt : Stereter’s horizon equivalent
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Fig. 1. Morphology of heart at various levels in serial section of embryo of Strecter's horizon 12 (ESR & 19)
A : Short axis section of mid-ventricular level shows bulbo-ventricular foramen (arrow) between primitive ven-
tricle (PV)] and bulbus cordis (BC). B : 23 sections apart from fig. A to the base shows luminal marrowing at
bulbus due to bulbar swellings. Primitive ventricle lost his connection to BC, Lower tip of right atrium (RA)
is seen. C : Further 13 sections apart from fig. B to the base shows truncus arteriosus (TA) and cushion tissue
at atrioventricular canal [AVC). Large right atrium is seen, D : 5 sections apart from fig. C to base, connection
between right atrium and atrioventricular canal is seen at basal portion of heart {Hematoxylin-Eosin, x40).
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Fig. 2. Maorphology of heart at various levels in serial section of embryo of Streerer's horion 15 (ESR # 180).
At Short axis view of mid-posterior ventricular level, Inferior cushion (IC)of AV canal is seen at the junction
of bulbus cordis (BC) and primitive ventricle (PV), Sinistro-ventral conus swelling (SVCS) is seen near the
anterior bulbo-ventricular sulcus (ABVS). B : 16 sections apart from fig. A to the base shows superjor cushion
(5C) of AV canal near the anterior bulboventricular sulcus, dextro-dorsal conus swelling (DDCS), and SVCS.
Conal swellin:s do not meet to each other, but pulmaoric (P} and aortic (A] outflows are clearly separated. C:
At the level of truncal valves, 8 sections apart from fig. B, aortic (A} and pulmonic (P} valves are seen [n the
same level, They are separated to cach other intrnally, but commaon truncal sheath is present, [ @ Higher leval
of great vessels, 10 sections apart from fig. C, shows open aortic [A) and pulmonic (P) arterial lumina [Hema-

toxvlin-Eosin, x40].
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Fig. 3. Morphelogy of heart at various levels in serial section of embryo of Streeter's horizon

Abgt s olbe] A4l Ak —

17 (ESR #68).

A : Semi-frontal section at the atrium showing right & left atria (RA & LA). Lowest portion of septum primum
is seen (asterisk). The septum does not meet endocardial cushion. Truncal valves are divided into aortic [A)
and pulmonic (P) valves in same level, Coronary sinus (C3) is seen at lefi posterior atrioventricular junction,
B : 20 sections apart from fig. A to the apex shows left (mitral) opening of atrioventricular canal between
superior and inferior cushions (S5C & IC). Atrium just above the atrioventricular opening is not right atrium
(RA) but left atrium (LA, although septum primum of atrial septum is not seen in this section, Conus swell-
ings are seen without fusion. € : 10 sections apart from B to the apex shows tricuspid opening overriding
bul bo-ventricular foramen (BVF), Posterior left portion of bulbus cordis (A)] would be subaortic left ventriu-
clar area, D : 7 sections apart from fig. C to the apex shows fusion among superior cushion (5C), right lateral
cushion (RLC) and dextrodorsal conus swelling (DDCS). The ventricular chamber is primitive ventricle (PV)
that would be inlet portion of right ventricle, {Hematoxmylin-Eosin, x40)
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Fig. 4. Morphology of heart at various levels in serial section of embryo of Streeter’s horizon  15—20 (ESR # 63),
A 1 semi-frontal section at atrium showing right (RA) and left (LA) atria. Mitral opening (MV) is seen. Septum
primum (asterisk} is complete and has fenestration of foramen secundum, Septum secundum [arrows) is also

seen, B o

1 sections apart from fig. A to the apex shows complete division of atrioventricular canal, Fused

cushion tissue would be central fibrous body (CFB) of cardisc skeleton, € : 10 sections apart from B to the
apex shows tricuspid opening (TV]) and ventricular septal defect (arrows). Aortic valve [AV) is seen near the
defect. D @ 9 sections apart from C to the apex shows right ventricular outlfow and pulmaonic valve at higher
level, comparing to the aortic valve and central fibrous bedy (CFB). (Hematoxylin-Eosin, x40).
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Fig. 5. (left) Scanning clectron micrograph of heart of 5
day old chick embryo (H-H stage 25).
Large right atrium (RV) and small left atrium
(LA) have common atrioventricular connection
to the primitive ventricle (PV). Bulbus cordis
(BC) is connected to the primitive ventricle
through the bulboventricular foramen,

A vioke] 4 Al —

3t Mo g M4y Helds Al Heol g 23
gk eldf7b giefeok 7heaba el 2bel wl gk dye]
# 5lofof o] 4} ek b gln A Y 5 ok ¢ £
glel, o YA Ee|AE o &8 ety ey
FAb HalHoe| 4§ o] £5le] Wa=lq] HelF AL 8
ol¥ "azlgla, o A& A wielE o] 23 4HH o
F7hE 288 FI Ymw el AL Y ¥
A2 g LFdle o] Hadce & + ¢l
o}, Al g gtel] 3 2] = Aol 2 M4 AL R
zl4] 4l 2 dhekslm AATE 448 wgkEe] 43y
FHe| 2Agelnd ehudy N HJAHY, HFeH A
Ab Alale 2 dhebgiclw o]saha glalodie e]ef of
gle] Y350 g slo]2} Y3 Fiol 2dle] 4
4 fE27 45 F£a4e] Van Praagh' o
AndersonE 4] 2] sle] A7 yn 449 {4
2 YAl Aell A 2148 Al Aol g 2§ A4
A 7L ALY Aol ZakEl F5ok FHelgn
thf 2] o g e opalslalg A fEEE A
Toll A 7| gepa gkeix]a gl

o] 2 g} wha gk iAo of it sA2 efels] Haa

Fig. 6. Scanning clectron micrographs of hearts of chick embryos at H-H stages 27—28 (left) and 32 (right), Four
valves in cardiac skeleton are separated from each other but aorta in slightly unwedged. Younger embryo  (left)
shows uneven septation of atrioventricular valve and common arterial trunk,
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Fig. 7. Developmental scheme of various landmarks of cardiac growth, Dotted line means incomplete formation of

the structiure,
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= Abstract =

Morphological Observation on the Prenatal
Development of the Human Heart (1)

—Study on the Early Cardiac Development using
Human and Chick Embryos—

Jeong-Wook Seo, Je G, Chi

Department of Pathology, College of Medicine
Seoul National University

Normal embryonic development of human heart is
studied with special emphasis to the formation of
atrioventricular and ventriculoarterial connections and
their significance in congenital heart disease. Twenty
nine human embryos and & chick embryos are used in
this study. Human embryos are analyzed by reconstruc-
tion of serial section slides and chick embryos are
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microdissected and examined by scanning electron
microscopy. In the early cardiac development (Streeter
horizon 12), bulbo-ventricular fold divided two ventri-
cles first. The atrioventricular canal is incompletely
divided and the canal was in contact neither with se-
ptum primum nor with ventricular septal crest. Infun-
dibular and truncal septa were not seen. The division of
A-V canal was obhserved during the stages 14-15. Septa-
tion of truncus arteriosus (Streeter horizon 15-17) was

followed by septation of bulbus cordis (Streeter horizon
16-17). The shortening of mitral-aortic distance and
downward left shift of aortic valve occured after the
trunco-infundibular septation and finally the secondary
interventricular foramen closed at the end of seventh
week (Streeter horizon 20-21).

———

Key Words: Cardiac development, Morphological
study, Embryo, Bulboventricular malfor.
mation
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