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Fetal Heart and Lung Cross-Sectional Morphology
of Congenital Diaphragmatic Hernia in the Rat
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Bis-diamine was administered at a dose of 200 mg to 40 pregnant rats on the 9th and 10th days of gestation.
Following cervical dislocation of these rats on the 21st day of gestation, the fetuses were delivered by cesarean
section and then frozen immediately in acetone cooled to —76°C with dry ice. The thorax of each frozen fetus
was cut transversely, and the section surface was serially photographed using a stereoscopic microscope (Wild
M400 Photomacroscope) at every 500 um. Among 300 fetuses, congenital heart disease (90%), thymic hypo-
plasia (100%), and diaphragmatic hernia (40%) were identified. In the 120 fetuses with diaphragmatic hernia,
pulmonary and cardiac hypoplasias were recorded as follows. The liver and stomach occupied the left thorax;
the heart deviated to the right and was hypoplastic. The left lung was hypoplastic as a result of the invasion
of the liver and stomach into the left hemithorax. In cases with the most severe hernia, the liver and stomach
occupied the total left hemithorax, resulting in minimal residual left lung. The right lung was also hypoplastic
due to a rightward shift of the cardiac and mediastinal structures. In mild cases, only a small portion of the liver
invaded the left posterior hemithorax, with mild hypoplasia of the left lung, normal right lung, and near-normal
heart structures. These pictures clearly show the variability in cardiopulmonary hypoplasia due to the invading
abdominal organs into the left hemithorax.
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!

Fig. 1 Normal neonatal rat (2 days-old)

Fresh-red voluminous lungs, closed DA, and large right and left ventricles. Abbreviations in Fig. 1-8. A: anterior. AAo:
ascending aorta. Ao: aorta. AoA: aortic arch. AORSA: aberrant origin of right subclavian artery. AV, AoV: aortic valve.
B, Br: bronchus. DA: ductus arteriosus. DAo: descending aorta. E: esophagus. L: left. LA: left atrium. LB: left bronchus.
LPA: left pulmonary artery. LSVC: left superior vena cava. LV: left ventricle. P: posterior. PA: pulmonary artery. PV: pul-
monary vein, PVa: pulmonary valve. R: right. RA: right atrium. RB: right bronchus. RV: right ventricle. RVI: right ventric-
ular infundibulum. SVC: superior vena cava. T: trachea. Tr: truncus arteriosus. TrV: truncal valve. TrA: truncal arch. Scale

bar: Tmm.
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Fig. 2 Normal heart, lungs and thymus in a normal fetus without bis-diamine treatment
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Fig. 3 Normal heart, lungs and absent thymus in a bis-diamine-treated rat fetus without diaphragmatic
hernia
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Fig. 4 Mild left diaphragmatic hernia (small-portion of liver in the left posterior hemi-thorax), tetralogy of
Fallot, and mild pulmonary hypoplasia and mildly hypoplastic heart
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Fig. 5 Moderate left DH (liver in the middle and posterior left hemithorax), aberrant origin of RSA, moder-

ately hypoplastic lungs and heart
Figures A, B, D, and F were reproduced with modification from Kazuo Momma et al: Fetal Diagn Ther 1992; 7: 46-52

©1992 S. Karger AG. Basel.
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Fig. 6 Severe left DH. Liver and stomach in total left hemi-thorax. Persistent truncus arteriosus. Severely
hypoplastic lungs and heart
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Fig. 7 Body weight and cardiac morphometry of
11 fetal rats with left congenital diaphrag-
matic hernia and no congenital cardiac

anomaly

Mean=SEM. Controls were 10 fetal rats with no
heart disease nor hernia following bis-diamine
treatment.

R, BB, KEHIRO N EEZ % Control % fHT/RY.
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Fig. 8 Vascular size of 11 fetal rats shown in Fig. 7
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Fig. 9 Mild to moderate right DH (small portion of liver in the right posterior hemithorax), AORSA, absent
thymus, mildly hypoplastic lungs and heart
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