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ABSTRAm. Morphology of the cardiac chambers and 
great vessels of fetal and neonatal rats was studied using 
the whole body freezing technique and by sectioning 
through the short axis of the heart with a freezing micro- 
tome. Compared to the fetal heart, the neonatal heart 
showed rapid change 2 to 8 days after birth. The ventricular 
sinus septum was straight in the fetus and became concave 
to the left ventricle after birth. The right ventricular wall 
was as thick as the left in the fetus and became thinner 
rapidly after birth. At the same time, the right ventricular 
cavity dilated. The right and left pulmonary arteries and 
pulmonary veins were small in the fetus and enlarged soon 
after birth. At the same time, the foramen ovale was closed 
and the diameters of the inferior vena cava and descending 
aorta were diminished. One-half-mm thick sections were 
cut serially and then photographed. Ventricular volumes 
and masses were calculated from summation of the areas 
of each chambers. Left ventricular mass per body weight 
increased rapidly after birth, whereas right ventricular 
mass per body weight remained constant from 0 to 8 days 
after birth. (Pediatr Res 22: 573-580, 1987) 

Abbreviations 

AAo, ascending aorta 
DAo, descending aorta 
IVC, inferior vena cava 
LA, left atrium 
LPA, left pulmonary artery 
LSVC, left superior vena cava 
LV, left ventricle 
RA, right atrium 
RPA, right pulmonary artery 
RV, right ventricle 

(10). This method is, therefore, expected to be useful for in sit11 
studies of other vessels and cardiac chambers of fetal and neo- 
natal animals. In addition to the academic interest, in sit11 
morphology of the fetal and neonatal heart and great vessels is 
interesting clinically because of recent advances in fetal and 
neonatal echocardiography (1 1, 12). We report our observation 
on the in sill1 morphology of the cardiac chambers and great 
vessels in fetal and neonatal rats. 

MATERIALS AND METHODS 

Wistar rats were raised in separate cages and fed with solid 
foods, commercially obtained. Animals were mated overnight 
from 1600 h, and vaginal smears were checked at 900 h the next 
morning. Pregnancy day 0 was defined by the presence of sperm 
in the vaginal smear. 

Three to six pregnant rats were used in each experimental 
group. Fetal rats were studied on the 22nd day of pregnancy. 
Pregnant animals were sacrificed by cervical dislocation, and 
fetuses were delivered quickly by cesarean section, and fixed 
immediately by the whole-body freezing technique (5-10) using 
acetone cooled to -80" C by dry ice. Newborn rats, which were 
delivered spontaneously on the 22nd day and fed by their moth- 
ers, were fixed by the whole-body freezing technique 2, 4, or 8 
days after birth. The thorax of the frozen rat was trimmed and 
sectioned on a freezing microtome (Freezing Microtome, Ko- 
matsu Solidate Co., Tokyo, Japan) in the short axis plane of the 
heart. This plane was 45" to the right to left axis and 45" to the 
long axis in these animals. Sections, 0.5-mm thick, were cut 
serially from the cardiac apex to the cranial end of two atria. 
Sections of the heart and great arteries were photographed using 
a binocular stereoscopic microscope (Wild M 400 Photo-mak- 
roskope, Wild Heerbmgg Ltd., Heerbrugg, Switzerland) and Fuji 
color film (Fujicolor Super HR 100, Fuji Film Co., Tokyo. 
Japan). The interval of 0.5 mm was used, based on the study of 
isolated neonatal ventricles described in this report. A magnifi- 
cation of 1 0 ~  was used for fetuses and 2- or 4-day-old neonates, 

Rapid anatomical and physiological changes of the heart ac- and a magnification of 7X was used for 8-day-old neonates. In 
company the transition from the fetal to the newborn circulation the fetal heart, 15- 16 sections were recorded, and 15-25 sections 
(1,2). Major transitional changes include stoppage of the platen- were recorded in the newborn heart. Numbered section paper (1 
tal circulation through the umbilical vessels, and closure of the x 1 mm) was also photographed and used for the scale. The 
ductus arteriosus, ductus venosus and foramen ovale, dilatation pictures were printed in color on paper, either 174 X 124 or 1 16 
of the pulmonary vessels, and thinning of the right ventricular x 8 1 mm in size. 
wall (1, 2). The rapid whole body freezing technique has been Morphology of the cardiac chambers and great vessels in sit11 
used to study in situ morphology of the ductus arteriosus in fetal on these prints were studied. The wall thickness of the RV and 
and neonatal animals (3-10) and has proved to be an excellent LV and ventricular septum was measured at the level of the two 
method for studying the ductus in sifli with minimal artefacts papillary muscles of the LV. Only compact zones at the sinus 

portions were measured as the wall thickness, excluding tra- 
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Correspondence and reprint requests Kazuo Momma. M.D.. The Heart Institute The transverse diameters, perpendicular to the septum, of the 

of Japan, Tokyo Women's Medical College. Kawadacho, Shinjuku-ku. Tokyo. 162. fight and the left ventricular cavities were measured at one-third 
Japan. 

Supported by a grant in aid from the Ministry of Education, Science, and and two-thirds from the apex to the atrioventricular valves in 
Culture ofJapan and by the Japan Promotion Society for Cardiovascular Diseases. serial sections in the short axis. The diameter of the fight ven- 

573 



574 MOMMA ET AL. 

tricular infundibulum was also measured. The diameters of the 
ascending aorta and the descending thoracic aorta were measured 
at the middle part. Short diameters were accepted when these 
vessels were sectioned obliquely and they appeared eliptic. The 
diameter of the LSVC, which was present constantly in this 
species and drained to the coronary sinus, was measured at the 
middle, between the confluence of the hemiazygos vein and the 
junction to the right atrium. The diameter of the IVC was 
measured at the supradiaphragmatic portion. The diameter of 
the MPA was measured at the midway point between the pul- 
monary valve and the bifurcation. The diameters of the RPA 
and LPA were measured at a point near the pulmonary hilum 
and uroximal to the branching to the uvver lobe. The diameter 
of thk LLPV was measured at'8 point j;st distal to the junction 
with the left upper pulmonary vein. 

The next experiments were done in order to select the optimal 
interval for sectioning and photographing on the freezing micro- 
tome and also to confirm the accuracy of the measurements of 
ventricular mass and volume and atrial volume from these serial 
sections. Fetuses were delivered from three mother rats on the 
21st day of pregnancy by cesarean section and sacrificed by 
decapitation within 30 min after birth. The ventricles were 
immediately isolated from the atria and great vessels with scissors 
under a stereoscopic microscope and placed in a physiologic 
saline solution. The heart was weighed, embedded with an 
embedding medium of frozen tissue specimens (Tissue-Tek 11, 
OCT Compound, Lab-Tek Products, Napaville, IL) in a 10 x 
1 0 ~  7 cm paper chamber, and frozen in acetone cooled to -80" 
C. A small amount of carbon powder was mixed in the embed- 
ding medium before it was used to make the contrast sharper. 
The frozen heart was sectioned in short axis planes of the heart 
on the freezing microtome and photographed at every 0.25 mm, 
in the same way as the fetal and neonatal hearts in situ. Num- 
bered section paper ( 1  x 1 mm) was also photographed for a 
scale. Because isolated ventricles were contracted maximally and 
no cavity was noticed, as shown in Figure 1, only total ventricular 
mass was measured. 

Photographs of the individual heart were numbered serially 
from the apex of the ventricle to the base of the heart. On each 
color print, the ventricular margin was clearly demarcated (Fig. 
1). Each ventricular picture was cut off and weighed. A paper 
area of 20 mm2 was cut off from the ~hotonravhs of the section 

cross-sectional areas of the ventricles with odd numbers (1, 3, 5,) 
multiplied by 0.5 mm (thickness) were added together. In for- 
mula 3, Simpson's rule was applied. S1 was the first and the last 
area. Another number with zero area was added in cases where 
the total number of ventricular pictures was odd. S2 was the 
summation of the cross-sectional areas with even numbers (2, 4, 
6,), excluding the last number. S3 was the summation of the 
cross-sectional areas with odd numbers, excluding number 1 (3, 
5, 7,). In this formula, the ventricular mass was calculated as 
follows: 

paper and weighed for the scale. using this scale, the cross- 
sectional area of the ventricles was calculated from the weight of 
the ventricular picture. Three formulas were tested for calcula- 
tion of the ventricular mass and the results were compared. 

In formula 1, all the cross-sectional areas of the ventricles 
multiplied by 0.25 mm (thickness) were added. In formula 2, the 

In order to test the accuracy of the calculations of ventricular 
masses obtained with these three formulas, the weight of the 
ventricles was divided by the ventricular mass calculated with 
the formulas to obtain specific gravity of the frozen ventricles. 
These indirectly measured specific gravities were compared with 
the following directly measured specific gravities. 

The specific gravity of the ventricles was measured directly as 
follows. Ventricles of the newborn rat were isolated and were 
contracted in the same way as described above. The specific 
gravity of the wet ventricle was measured using the copper sulfate 
solution method (1 3) which has been used widely to measure the 
specific gravity of the blood. For measurement of the specific 
gravity of the frozen ventricles, 10 solutions of methyl alcohol in 
water with a specific gravity ranging from 0.90 to 0.99 at 0" C 
were prepared. The ventricles of newborn rats were frozen in 
acetone cooled to -80" C and the specific gravity was measured 
using the alcohol solutions at O" C. 

Ventricular masses and atrial and ventricular volumes of fetal 
and neonatal rats were measured in situ as follows. On the color 
photograph the sections of the frozen thorax, atrial and ventric- 
ular cavities, and ventricular muscle were clearly demarcated 
and easy to cut and separate. The ventricular cavity was cut as 
shown in Figure 2. Because small trabeculae were difficult to cut, 
a smooth cutting line across the trabeculae which separated 
accurately the ventricular cavity and the muscle was used. The 
ventricular septum was divided into the right and the left ventri- 
cles according to Emery and McDonald (14), in the same pro- 
portion as the right and left ventricular free wall thicknesses (Fig. 

rig. I .  rnotograph ot the cross-sections of the frozen isolated con- Fig. 2. Photograph of the cross-section of the heart through the short 
tracted ventricles of the newborn rats. A and B are from two different axis of a 4-day-old newborn rat. Dotted lines show the cutting lines 
rats. through the ventricular septum and at  the margins of ventricular cavities. 
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2). As the ratio of the wall thickness was unity in the fetal heart, 
the dividing line was at the center of the ventricular septum. At 
the age of 8 days, this ratio was about 1:3, and the dividing line 
was at a quarter of the total thickness of the septum from the 
right ventricular side (Fig. 2). 

The cut pictures of each chamber and ventricular mass were 
weighed, and areas were calculated using the weight of the 
photograph of the section paper as a scale. The volume was 
calculated by area times thickness (0.5 mm). 

Two-way analysis of variances and Duncan's multiple range 1 
test were used for statistical analysis to  determine the significance 
of difference of the mean value (1 5). Five percent was accepted 
as the level of significance. 

RESULTS 

The cross-sections of the fetal heart revealed very prominent 
right and left atria (Figs. 3-6). The left atrial appendage extended 
near to the cardiac apex and was always present at the cross- 
section through the apical end of the left ventricular papillary 
muscles (Fig. 3). The fetal right atrium was also prominent and 
was larger than the left atrium (Figs. 5 and 6). After birth, the 
right and left atria were less prominent and their volumes were 
smaller at 2 days of age than in the fetus (Table 1). Because of 
progressive dilatation of the RV and concentric hypertrophy and 
apical dilatation of the LV, both atria looked relatively smaller 
a t  4 and 8 days of age (Figs. 4 and 5). The interatrial septum was 

open at the foramen ovale in the fetal heart and it was always 
closed at 2 days of age or later (Fig. 6). The IVC was larger than 
the RSVC or  LSVC in the fetal heart. but it was smaller than the 
superior vena cava after birth (Fig. 6). Prominent eustachian 
valves were present at the junctions of the venae cavae to the 
right atrium (Fig. 6). The LSVC was the same size as  the RSVC 
in the fetal and neonatal rats and was enlarged at 4 days of age 
or later (Figs. 7 and 8). 

The morphology of the ventricles in the fetal rat was charac- 
teristic. The RV and the LV had the same wall thickness as the 
ventricular septum at the sinus portion, and the ventricular 
septum was straight a t  this portion (Figs. 3 and 4). The cardiac 
apex was formed with both the RV and the LV in the fetus. 
whereas it was formed with only the LV after birth. Two atrio- 
ventricular valves and two semilunar valves were in a half-opened 
position (Fig. 5). Both ventricles were dilated after birth, com- 
pared with the fetal ventricles. Postnatal dilatation of the R V  
was most apparent at the infundibulum and the inflow portion 
(Figs. 5 and 9), whereas postnatal left ventricular dilatation was 
most prominent at the sinus portion from the apex to the 
papillary muscle level (Figs. 3 and 10). The free wall of the RV 
became thinner and that of the LV became thicker after birth 
(Fig. 1 1).  At 4 or 8 days after birth. the ratio of the right and left 
ventricular free walls was about 1 :3 (Figs. 4 and 1 1). 

The inner diameter of the ascending aorta was always smaller 
than that of the main pulmonary artery in fetal and neonatal 
rats by about 10% (Figs. 8 and 12). The diameters of the 
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Fig. 3. Photographs of the cross-sections of the heart through a short axis at a level just below the left ventricular papillary muscles. Note large 
left atrial appendage and thick wall of the right ventricle in the fetal heart ( A ) .  At 4 days after birth. the right ventricular wall was thinner. and the 
left ventricle showed an enlarged cavity and thick wall (B). 

Fig. 4. Photographs of the cross-sections of the heart through a short axis at the level of the left ventricular papillary muscles. Compared with 
the fetal heart ( A ) ,  the heart of 4-day-old rat (B) showed a right ventricle with a thinner wall and enlarged cavity. 
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Fig. 5. Photographs of the cross-sections of the heart through a short axis at a level just below the tricuspid and mitral valves. Both atrioventricular 
valves were half-open. Note enlarged right ventricular outflow and smaller left atrium in 4-day-old newborn rat (B) compared with the fetal rat ( A ) .  

Fig. 6. Photographs of the cross-sections of'the heart through a short axis at the level of the ascending aorta and the bifurcation of the pulmonary 
artery. Note a large ductus arteriosus, relatively large IVC, relatively small right and left pulmonary arteries, and expanded esophagus (Eso) in the 
fetus ( A ) .  The atrial septum was open as a flap toward the left atrium. At 4 days after birth (B), the ductus was closed, and the right and left 
pulmonary arteries and the left pulmonary vein were enlarged. The atrial septum was closed. 

Table I .  Body wt (g) and ventricular masses (cmm) offetal and 
neonatal rats (mean f SEM) 

Age Nos. RV mass LV mass RV/LV 
(days) studied Body wt (g) (cmm) (cmm) ratio 

0 15 5.6 -+ 0.5 18.5 + 1.0 14.9 + 1.0 1.26 + 0.05 
2 15 6.1 f 0.1 18.0 + 0.8 20.6 f 1.2* 0.90 f 0.05* 
4 15 8.0 + 0.5* 26.2 + 1.0* 30.2 + 0.8* 0.87 + 0.04* 
8 12 15.1 + 1.5* 44.5 f 1.8* 55.6 t 2.0* 0.81 + 0.04* 

* p < 0.05 compared to the fetal values. 

ascending aorta and the main pulmonary artery increased after 
birth. In contrast, the inner diameter of the descending aorta 
decreased significantly after birth by about 20% compared with 
the fetus at 2 and 4 days after birth (Figs. 8 and 12). The ductus 
arteriosus was widely open in the fetus and was closed after birth 
as reported previously (5, 10). 

The sizes of the right and LPA and pulmonary veins changed 
remarkably after birth. In the fetus, these pulmonary vessels were 
small. After birth, these vessels increased rapidly in diameter as 

shown in Figures 6 and 7. The diameters of the right and the 
LPA of the fetal and neonatal rats were about 20% larger near 
the pulmonary hilum than at the bifurcation (Figs. 6 and 7). 

The volumes of frozen isolated contracted ventricle of the 
newborn rat were calculated using the three formulas. The results 
were presented in the form of specific gravity and the mean and 
SD in Table 2. The specific gravity of the wet ventricles that was 
measured directly with copper sulphate solution was 1.06 f 0.0 1 
( n  = 10, mean + SD). The specific gravity of frozen ventricles 
that was measured directly with methyl alcohol solution was 
0.96 +- 0.0 1 ( n  = 9). As seen in Table 2, formulas 1 and 2 resulted 
in values which were close to the directly measured specific 
gravity, and formula 3 gave higher values. SD of the result using 
formula 2 was only slightly larger than that using formula 1. On 
the basis of these results, ventricular masses and volumes in fetal 
and neonatal rats were measured with formula 2, using a constant 
thickness of 0.5 mm. 

The right and left ventricular masses in fetal and neonatal rats 
are shown in Table 3 and masses per body weight are shown in 
Figure 13. The right ventricular mass was larger than the left 
ventricular mass in the fetus, but this relation was inverted 
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Fig. 7. Photographs of the cross-sections of the heart through a short axis at the level of the right pulmonary hilus. A ,  fetus. Note enlarged 
pulmonary vessels at 4 days after birth (B). 
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Fig. 8. Inner diameters of the venae cavae and the aorta in fetal and 
neonatal rats. 

postnatally. The right ventricular mass per body weight remained 
fairly constant from the fetus through 8 days after birth while 
the left ventricular mass per body weight increased progressively 
after birth. 

The right and left atrial volumes per body weight decreased 
after birth, and the decrease was more remarkable in the RA 
(Fig. 14). The volumes of the ventricles per body weight increased 
postnatally, and the increase was more prominent in the RV. In 
the fetal heart, the right ventricular volume was slightly larger 
than the left but the difference was not statistically significant. 
Postnatal differences between the volumes of the two ventricles 
were highly significant, and the ratio was more than 2: 1 at  8 days 
after birth. 

DISCUSSION 

The technique of fixation using rapid whole-body freezing was 
developed for the study of the fetal and neonatal ductus arteriosus 
of experimental animals and has been proved to be good for 

MEAN Y M  ( ) NUMBER OF ANIMALS PC 0.05 

L- - -- I 
2 1. 
DAYS AFTER BIRTH 

Fig. 9. Diameters of the right ventricular cavity one-third and two- 
thirds from the apex and at midinfundibulum in fetal and newborn rats 
(mean + SEM). Numbers of animals in parentheses. Note more promi- 
nent enlargement of the right ventricular cavity at the infundibulum and 
at the inflow portion of the two-thirds than at one-third from the apex. 

studying the morphology of the ductus in situ with minimal 
artefacts (2-10). This technique was used in this study to study 
the morphology of the cardiac chambers and great vessels other 
than the ductus arteriosus and enabled us to  examine the mor- 
phology clearly. One unsolved problem was the mode of cardiac 
arrest of the rats in this study. We tried electrocardiographical 
recording of the animal at the instant of rapid whole-body 
freezing, but failed because of the unstable baseline of the elec- 
trocardiography. Therefore, we have no definite information 
about the cardiac status ofcontraction before arrest a t  the instant 
of the whole-body freezing. Because cardiac arrest develops fol- 
lowing ventricular fibrillation or sinus bradycardia in deep hy- 
pothermia ( I  6, 17), either ventricular fibrillation or sinus brady- 
cardia was assumed to be the preceding cardiac condition in our 
experiments. Both of these conditions seem to be concordant 
with the following observations. First, the ventricular figures in 
these frozen hearts were at some point between end-systole and 
end-diastole. Second, all four valves of the heart were half-open. 
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DAYS AFTER BIRTH 
Fig. 10. Diameters of the left ventricular cavity at one-third and two- 

thirds from the apex in fetal and newborn rats (mean * SEMI. Numbers Fig. 12. Inner diameters of the pulmonary vessels of fetal and neo- 
of animals in parentheses. Note more prominent enlargement of the left natal rats, LLPV, left lower pulmonary vein. 
ventricle at one-third than at two-thirds from the apex. 

f MEAN SEM 
( ) NUMBER OF ANIMALS 
* P < 0 0 5  

Table 2. Specific gravities offrozen contracted ventricles of 
neonatal rats calculatedfrom the weight and volumes using 
three dflerent formulas (indirectly measured speciJic gravity) 

(mean + SD) 
Formula Specific gravity 

Table 3. Atrial and ventricular volumes offetal and neonatal 
rats in cmm (mean k SEM) 

Age RV volume LV volume RA volume LA volume 
(days) (cmm) (cmm) (cmm) (cmm) 

0 2 8 
DAYS AFTER BIRTH 

Fig. 11. Ventricular wall thickness of fetal and neonatal rats. 

In this study the cardiac volumes were measured from the 
serial cross-sections of the fetal and neonatal rat. The following 
points are important to minimize potential errors of this rela- 
tively indirect method of measurements. Serial photographic 
recording should be made strictly at 500 1 on a freezing micro- 
tome. Tracing and cutting on a printed heart should be accurate. 
Cut papers of atria and ventricles of each heart were measured 
in total to avoid difficulty in weighing small pieces of paper. 
Scale-paper of each heart should be weighed. In fact, heart to 
heart or day to day differences of the weight of the scale paper 
were very small and ranged from 53 to 5 5  mg/mm2. We used a 
microbalance which can weigh 0.1 mg accurately. The lightest 
paper that we measured was 80 mg. From these data, the poten- 
tial error in measuring the weight of the paper is thought to be 
relatively small. 

As shown in Table 2, calculation of the specific gravity using 
these volumes obtained from the serial cross-sections was very 
close to the value obtained by direct measurement using alcohol 
solutions. Comparison of three formulas showed that sectioning 
at either 0.5 or 0.25 mm made no significant difference. Calcu- 

* No. of studied animals in parentheses. 
t p < 0.05 compared to the fetal values. 

lation using Simpson's rule (formula 3) did not give values closer 
to the directly measured specific gravity. Based on these basic 
experiments, the volume study using the serial cross-sections 
were thought to be reasonably accurate in the study of the heart 
of these small animals. 

Early studies of autopsied human fetuses and infants showed 
slight right ventricular preponderance over the left at the end of 
pregnancy and its reversal after birth (2, 18, 19). The present 
study showed the same trends in the rat, and postnatal reversal 
of ventricular preponderance was very rapid in the rat. The 
present study confirmed in rats and in vivo the following obser- 
vations in human materials. First, the inner diameter of the main 
pulmonary artery was larger than that of the AAo in the fetus 
and infants (2, 11). Second, pulmonary arteries and veins were 
relatively small in the fetus (2) and became larger rapidly after 
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Fig. 13. Ventricular masses o f  fetal a n d  neonatal rats. 

i MEAN. SEM 
( )NUMBER OF MIMALS 
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9 8 
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Fig. 14. Atrial a n d  ventricular volumes of fetal a n d  neonatal rats. 

birth. Third, the DAo had a relatively large diameter in the fetus, 
and the present study showed further that its diameter became 
significantly smaller postnatally, a finding concordant with the 
postnatal cessation of umbilical circulation through the DAo and 
the iliac arteries. At the same time, the diameter of the IVC was 
decreased postnatally in this study. These postnatal changes of 
the great vessels in human infants remain to be studied with two- 
dimensional echocardiography. 

The volumes of the cardiac chambers in these fetal and neo- 
natal rats showed very definite chronological trends from the 
fetus through the immediate postnatal period up to 8 days after 
birth. First, atrial volumes tended to decrease immediately after 
birth. This is concordant with the echocardiographic observation 
in the human fetal heart that the fetal LA was relatively larger 
and the fetal LA/AO was 1.4 (12). Second, ventricular volumes 
tended to increase. Third, the right ventricular mass per body 
weight remained constant, and left ventricular mass per body 
weight increased. These are concordant with the well-docu- 
mented postnatal circulatory changes such as a decrease in right 
atrial pressure (2), relatively large cardiac output (20-22), and 
fall of the pulmonary arterial pressure (1, 2). One puzzling result 
of this study was the postnatal increase of the right ventricular 
volume in excess of the increase of the left ventricular volume. 
Three possible mechanisms include volume overload, pressure 
overload, and decreased contractility of the RV. Volume over- 
load to the RV can be caused by neonatal tricuspid regurgitation 

(23) or stretched foramen ovale in these neonatal r a t s .  An angio- 
graphic study in newborn lambs showed equal right and left end- 
diastolic volumes (24). A sudden increase of the right ventricular 
afterload or decrease of the right ventricular contractility at the 
instance of freezing can be speculated but must still be proved. 

CONCLUSION 

A new method to measure volumes of cardiac chambers and 
ventricular masses of fetal and neonatal rats is described. Com- 
bined with the rapid whole-body freezing technique, this new 
method made it possible to study quantitatively volumes of 
cardiac chambers and ventricular masses of the fetal and neonatal 
rat. The right ventricular mass was larger than the left in the 
fetus, but postnatal left ventricular dominancy was already pres- 
ent 2 days after birth. Pulmonary vessels showed a rapid increase 
in diameter, whereas the diameter of the DAo and the IVC 
decreased postnatally. 
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