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Fetal and Neonatal Cardiovascular Cross-Sectional Morphology in the Rat:
The Foramen Ovale, Ductus Venosus, Right Ventricle, and Pulmonary Artery

Kazuo Momma

Department of Pediatric Cardiology, Tokyo Women’s Medical University, Tokyo, Japan

This review examines the natural-colored, cross-sectional morphology of the foramen ovale (FO), ductus
venosus (DV), right ventricle (RV), and pulmonary artery (PA) in fetal and neonatal rats. The ductus arteriosus
(DA) and congenital heart disease are reviewed separately. The in situ cross-sectional morphology of fetal and
neonatal rat hearts was studied by rapid whole-body freezing, slicing on a freezing microtome, and serially
photographing the cross-sections every 0.5 mm with a stereoscopic microscope (Wild M400). The serial frontal
sections of the fetal thorax and upper abdomen showed the fetal oxygenated blood route including the umbilical
vein, DV, inferior vena cava, posterior right atrium, FO, and left atrium. Neonatal frontal sections of the same
area revealed closure of the DV, FO, and DA, in addition to rapid enlargement of the peripheral pulmonary ves-
sels. Neonatal closure of the FO was associated with remarkable growth of the atrial septum flap. The fetal atrial
septum was short and thin at the FO, and the flap tip only just reached the rim of the FO. Neonatally, this atrial
septum grew rapidly in length and thickness within two days, closing the FO.
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Fig. 1 Frontal sections of the atrial septum of a rat fetus (A), a 1-day old rat (B), and a 2-day-old rat (C)
Abbreviations used in the figures. A: anterior. Ao: aorta. AoV: Aortic valve. Ca: caudal. Cr: cranial. DA: ductus arteriosus.
DAo: descending aorta. DV: ductus venosus. E: esophagus. FO: foramen ovale. HV: hepatic vein. IAS: interatrial septum.
IVC: inferior vena cava. L: left. LA: left atrium. LB: left bronchus. LPA: left pulmonary artery. LSVC: left superior vena
cava. MPA: main pulmonary artery. p: posterior. PFO: patent foramen ovale. PoV: portal vein. PV: portal vein, pulmonary
vein. PVa: pulmonary valve. LPA: left pulmonary artery. LPV: left pulmonary vein. R: right. RA: right atrium. RPA: right
pulmonary artery. RV: right ventricle. RVI: right ventricular infundibulum. SVC: superior vena cava. T: trachea, thymus.

US: umbilical sinus. UV: umbilical vein.
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Fig. 2 Serial cardiac short-axis sections of a rat fetus
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Fig. 3 Serial frontal sections of the heart and liver of a normal rat fetus. The final panel shows a sagittal

section indicating the section planes for sections (A) to (l)
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Fig. 5 Serial frontal sections of the posterior heart of a 4-day-old rat

DR S FIRE £ TOETIEE b TIEAHE FTH
D, T bCEAFE R & AR T TN T H
%.

DM ERREEE

XIF OB * HlZ2 A Lz,

Fig. 13 Jiafy & A A1 bl L O wi 4 i W il € &b
%. MR OINFALES DO HkE flap (3% <, EREM
KHWTWAD, L% 2HTECELS XD, HET
%. FAMBIRIEERZEICHIRT 5.

Fig. 2137 v b IaAF Ol oD Je il i W il 72 0 2= 55 (F)
KO NEIOEAS (iiBRSF & RERFED (D) 2 k8T

BRNRBRSBFEME F£34E F45

FMEBIRER (O KBRS (B, A) YO IR LTz,
C ITIZRRF OBIRIM O MHRES @ N REHIR-4 P 12051
MfL-EEPIHRENT VS, HEIGEEE LR CRE
2R b AR ARELDRPKREY (E, F). Lt
IR EMBIREDF T THS.

A CATELIE Fig. 3 TLH 5N %. Fig. 3 3B D0
i & AP ORI TH . 1ZFH UK S OFRE,
KEAR, MEIAROKE G REN TV S, IR
HIRE-SN - FEEANHN B EH Y BE RSN
T3, MDHOEAMEIRDS (G ICHRENTNS.

Fig. 4 134 1 H OFAAF DI R & JF i O i 41
[, Fig. 53/EM% 4 HOFAFTHS. §IRE Y &6
BL, EAMBIRO 25 ERDOILKT BH5. T2



169

Cranial

4 . Anterior | Post
A
) atdal

Fig. 6 Serial sagittal sections of the umbilical vein, umbilical sinus, portal vein, ductus venosus, and infe-

rior vena cava of a rat fetus. The cutting planes are shown in E

Fig. 7 Serial frontal sections of the fetal heart and liver showing the open fetal channels: the ductus arte-
riosus, right and left pulmonary arteries, umbilical sinus, ductus venosus, and foramen ovale. The

cutting planes are shown in the upper right corner
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Fig. 8 Serial thoracic transverse sections of a normal rat fetus

Fig. 9 Serial thoracic transverse sections of a 2-day-old rat
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