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SUMMARY New high-resolution real-time ultrasound cross-sectional imaging systems have enabled us to
demonstrate detailed fetal cardiac anatomy in the second half of pregnancy. We studied normal fetal cardiac
development quantitatively by echocardiography in the second half of pregnancy in 69 normal pregnancies of
healthy mothers. Eighteen of the fetuses were followed serially before birth. The estimated gestational ages
were 20-41 weeks (mean 31.7 i 0.5 weeks [SEM]) of pregnancy. Calculated fetal weights were 500-3100 g
(mean 1590 ± 83 g). Fetuses were reexamined within 36 hours after birth by real-time cross-sectional echo-
cardiography to provide comparative data for the assessment of circulatory changes that take place at birth.
Measurements of the right and left ventricles at the atrioventricular valve level were taken from four-chamber
plane images of the heart before and after birth, and measurements of the aorta and pulmonary artery were
taken in the short-axis view. All measurements were taken at end-diastole and were related to calculated fetal
or actual newborn body weight. Statistical analysis for fetal cardiac dimension, right (RV) and left ventricular
(LV) dimension and great artery size showed good correlation to calculated fetal weight, and growth curves for
fetal cardiac structures were derived. Physiologic changes in the circulation at birth affected RV size con-
siderably compared with measurements before birth. The RV/LV dimensional ratio was 1.18 ± 0.01 before
birth and decreased to 0.99 ± 0.03 (p < 0.001) within 36 hours of birth. The pulmonary artery-to-aortic
dimensional ratio did not change significantly after birth. Our findings about cardiac growth and the major ad-
justments of the circulatory system for extrauterine life are similar to those previously reported in humans and
animals.

EARLIER STUDIES of human fetal cardiac
measurements determined with ultrasound tech-
niques have provided only preliminary quantitative
data for assessing fetal cardiac growth. 14 The struc-
tural details obtained in fetal echocardiograms from a
previous study from our laboratory5 encouraged us to
try a quantitative evaluation of the fetal heart in order
to derive information about normal fetal cardiac
growth. The same fetuses were imaged again in the
newborn period, so we hoped that this study could also
provide physiologic data for the assessment of cir-
culatory changes that take place at and after birth.

Methods
Patient Group 1

We reviewed two-dimensional echocardiographic
studies of 69 pregnancies of healthy mothers who were
referred for routine fetal scanning or who wanted in-
formation about fetal cardiac anatomy because of
earlier birth histories of cardiac malformations.
Eighty-seven examinations were performed before
birth. Fifty were adequtate for three of four
measurements, and 18 fetuses were examined serially.
Ten fetuses had two adequate examinations for
measurements. After a routine clinical B-scan
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procedure for determination of fetal size and lie, the
patients underwent a real-time cross-sectional analysis
of the fetal heart and great arteries. The examination
was performed under a human subjects approved
protocol after informed written consent was obtained
from the mother.

Patient Group 2
Three mothers with RH incompatibility were ex-

amined to evaluate possible alterations of fetal heart
size. Two of these fetuses were hydropic at birth and
had required in utero transfusion.

Patient Group 3

All fetuses were followed after birth to confirm car-
diac anatomy by physical examination and cross-
sectional echocardiography. For the quantitative
follow-up study, 19 newborns from group 1 had
satisfactory examinations prenatally and postnatally
for quantitation. These 19 subjects make up group 3.

B-scan Examination

The patients underwent a standard B-scan
procedure to determine the fetal lie and maturation.
Either a single transducer-type scanner with gray scale
(Unirad Sono II with GZD), or a large, multiple-
crystal, computerized, waterbed-based B-scanner (Oc-
toson) were used. Gestational age was determined
from biparietal diameter.6 The fetal weight was
calculated by using the biparietal diameter and ab-
dominal circumference as described by Warsof et al.6
Fetal echo measurements were performed with a com-
puterized digitizing system (Numonics).
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Real-time Cross-sectional Examination
of the Fetal Heart

The real-time echocardiographic examinations were

performed with a 3.5-MHz, electronically focused,
linear-array ultrasonic scanner (Toshiba SAL IOA),
or a 3.5-MHz, dynamically focused, experimental
phased-array ultrasonic scanner. Beam profiles of
both systems performed in our laboratory suggest that
lateral resolution at 6 db down was about 1.5-2 mm
and axial resolution was 0.2 mm, at a depth of 6-10
cm from the transducer.
We preferred the linear-array format prenatally, as

it has constant line density over the whole depth of
view, and used it in 92% of prenatal examinations.
Moreover, the large transducer was easy to manip-
ulate on the abdominal wall of the mother and more of
the fetus could be imaged at any one time with the rec-

tangular format image.
During the examination, the mother lay in a com-

fortable supine position and was occasionally turned
to either side to influence the fetal lie. The fetal lie was
determined using images of the fetal head, spine and
liver.
We than attempted to reproduce commonly used

cross-sectional view equivalents: long-axis, short-axis,
apical four-chamber and subxiphoid four-chamber.
Our success rate for achieving these views prenatally
was 100% for the four-chamber and 95% for the great-
artery view.5 Postnatally our success rate was 100%
for all views. While these views could be obtained on

most examinations, there were only 50 prenatal ex-

aminations, 10 from fetuses with two serial ex-

aminations each, which were adequate for three of
four measurements. In 19 cases, both a prenatal and a

postnatal examination were judged adequate for quan-

titation.

Follow-up Newborn Examinations

The cross-sectional echocardiographic examina-
tions of the newborns were performed within 36
'hours after delivery with the same linear-array system
used prenatally, with a 2.4-MHz, wide-angle, phased-
array system (Toshiba SSH IOA) with variable elec-
tronic focusing, or with the experimental 3.5-MHz,
phased-array scanner. The high-resolution, phased-
array at 3.5 MHz was used in 18 of the 19 quantitated
postnatal exams. We could obtain the four-chamber
views much more easily with a sector scanner.

Five newborns had measurable images on both the
linear array and the phased array. There was no

difference between the measurements on the two
systems by paired t test (NS). A complete examina-
tion included the precordial long-axis, precordial
short-axis and four-chamber views. Emphasis was
placed on imaging a true four-chamber view so that
both atrioventricular (AV) valves could be seen open-
ing and closing at the same time, assuring that the
cross section passed close to the center of the heart.7
This cross section provided the largest diameter of
both ventricular chambers and therefore comparative

measurements and ratios of ventricular size could be
obtained from the newborn infants.

Display and Recording
All studies were recorded in real time on videotape

interfaced with the echograph via a video camera.
Video tapes could be reviewed in real time or slow mo-
tion, or by frame-by-frame analysis. Still-frame im-
ages were stored either on Polaroid prints during the
examination or photographed afterward from video
tapes. Frequently, problems arise in illustrating real-
time cross-sectional observations with selected still
frames. The actual examinations observed in real-time
on videotapes are more impressive than any individual
still-frame illustration.

Specific Alterations in Examination Technique
for Quantitation and Measurement Techniques

All measurements were performed with a com-
puterized digitizing system (Numonics). B-scan still
frames were measured from x-ray film. A peripheral
digitizer could be mounted in front of a video screen
and allowed measurements directly from videotape
still frames of real-time cross-sectional images.
Biparietal diameters were measured by the leading-
edge method. Abdominal circumference was mea-
sured from the abdominal wall echogram. Estimated
fetal weight was determined from B-scan images
as described by Warsof et al.6 (fig. 1). Fetal and
newborn cardiac measurements were obtained from
views showing the four cardiac chambers and the
spiral orientation of the great arteries (figs. 2 and 3).

Figure 2 shows a typical four-chamber presentation
at end-diastole. The AV valves have just closed.
Measurements from such a still frame were taken just
inferior to the AV valves for the evaluation of right
ventricular (RV) and left ventricular (LV) diameters.
(The valves were used for timing of end-diastole as
there were no fetal ECGs available. End-diastolic
measurements were obtained from the frame before or
the frame just after closure of the AV valves.) The
total diameter of the heart (total cardiac dimension)
was measured as the distance from the RV epicardial
surface to the epicardial surface of the LV posterior
wall. The RV and LV inner diameters were measured
as the same level. The thickness of the echo lines was
excluded from all measurements for inner cavity
dimensions or great artery dimensions.
As stated, attempts were made to optimize four-

chamber views so that the maximum diameter of both
ventricles was imaged. Bommer et al. suggested that
measurement of the right ventricle on four-chamber
apical views at the level just below the tricuspid valve
correlates closely with maximum RV short-axis
dimension measured from anatomic casts.7 Axial
resolution is always superior to lateral resolution in
pulsed ultrasound devices, so we attempted to obtain
four-chamber views oriented as closely as possible so
as to allow measurement in a more axial direction
(figs. 2 and 3).
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BIPARIETAL DIAMETER ABDOMINAL CIRCUMFERENCE

FiGUREI 1. The calculation of estimated
fetal weight (EFW) was based on the
biparietal diameter (left) and the abdominal
circunmference (right) using the algorithm of
Warsof et al.6

Figure 3 shows fetal great artery orientation as im-
aged for measurement. In this figure, for instance, the
aorta can be measured in a purely axial plane.
Measurements were made from inner edge to inner
edge of each vessel at the level of the aortic and
pulmonary valves at end-diastole in this view. End-
diastole was considered the frame just before opening
of the semilunar valves. We measured pulmonary
artery diameter only when two leaflets of the
pulmonary valve were imaged.

Statistical Analysis

Multiple regression models were evaluated for ex-
pressing the fetal cardiac measurements as a function
of estimated gestational age or estimated (calculated)
fetal weight. The best correlations were obtained to
the fetal weight estimate reported herein. While cor-
relations of the measurements were evaluated to
various functions of fetal weight (log, linear, square
root, cube root), the best correlations were obtained to
a power function of body size (Y = axn, where n was
close to 1/3 (cube root; see table I). All data are
therefore regressed to a power function of estimated
fetal weight and are displayed as the regression line
along with the 5% and 95% confidence limits for the
regression relationship. Paired and unpaired t tests
were used for other statistical comparisons.
The analyses of these data are intended to test

whether the fetal cardiac measurements obtained by
the techniques described above relate to each other

RVD-
LVD-

FO/

and to other information in logically consistent and
useful ways. Two analytic phases are involved. The
first phase focuses on the fetal measurements and
on their variation with estimated fetal weight, used
as a criterion of overall development. In the second
phase, the relationship between fetal and postnatal
measurements are considered. Gold8 observed that
physical dimensions of many biologic structures are
related to each other by power functions of the general
form, M2= aMb, where M1 and M2 represent two
such dimensions while a and b are parameters es-
timable from data. The parameter a serves as a scaling
factor and b may be interpreted, cautiously, as in-
dicative of the relative rate of development of the two
structures measured. Such a power function model
was the basis of our explanation of the relationships
among the fetal cardiac measurements and their
dependence on fetal weight. This model is com-
putationally convenient in that the measurements for
such a model can be estimated by applying linear
regression analysis to the logarithms of the mea-
surements. It is also possible to derive 5% and
95% confidence limits for additional observations
from such a linear regression by using techniques
described by Draper and Smith.9 These limits are in-
terpretively equivalent to the .percentile traces for
developmental profiles based on more extensive data.

In the second phase of analysis, we considered the
relations between the fetal measurements and the set
of subsequent postnatal measurements. If data were
available for all 50 fetal subjects, an ideal procedure

Ant

L

Post
EU Valve

FO

FIGURE 2. Four-chamber view oriented so
that ventricular measurements may be made
along oblique lines in a more axial direction
as shown in this picture. This results in
better resolution (see text) of the endocar-
dium and more accurate measurements. The
movements of the foramen ovale (FO)flap
could also be demonstrated in an axial direc-
tion. Fetal ventricular measurements were

taken from four-chamber views at end-
diastole directly inferior to the atrioventric-
ular valves, as shown. RVD = right ven-

tricular dimension; L VD = left ventricular
dimension; LA = left atrium; EU VALVE

eustachian valve.
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AO%
FIGLRF 3. Great-vessel orientation view
for the fetus. Measurements (inner dimen-
sion) were taken at the valvular level at end-
diastole as indicated. AO = aorta; PA
pulmonary artery,.

would be to carry out a similar examination of the
postnatal data for internal consistency and weight
dependence and then to relate the derived pattern to
those of the fetal data. With only 19 of the 50 subjects
followed up after birth with adequate measurements,
we have too few postnatal data for such an approach
to be reliable. However, an alternative approach is
viable: If the postnatal data are such that they repre-

sent a continuation of the developmental pattern in-
dicated by the fetal data, then the postnatal
measurements, plotted against weight, will fall within
an extrapolation of the confidence limits for the fetal
data. The extent to which a particular postnatal
measurement deviates from the fetal expectation can

be quantified simply by calculating a weight-adjusted
score for it using its birth weight in the adjustment
formulas defined for the fetal data. If the same
developmental pattern is appropriate for the postnatal
data as for the fetal data, then the means of the ad-
justed postnatal scores for the 19 subjects should not
differ significantly by t test from those of the fetal ad-
justed scores for those same subjects. Should the
means differ significantly, it would indicate a change
in developmental pattern between the fetal and post-
natal measurements.

If evidence for a change in pattern is not found by
this test, the predictability of the postnatal mea-
surements from the fetal ones may be assessed by
examining the correlations between corresponding
weight-adjusted scores. High positive correlations in-
dicate good predictability in the cases shown to be
deviated from the mean in the same direction
prenatally and postnatally.

Results

Despite potential difficulties in measurement, our
fetal data provided acceptable correlations of cardiac

dimensions to fetal weight. Additionally, if the fetal
measurements are to be judged logically consistent,
certain relations among them should be demonstrable.
First, there should be fairly strong positive cor-
relations among all of the cardiac dimensions, corre-
sponding to overall consistent growth of the entire
fetus (table 1). Second, all of the cardiac dimensions
should correlate positively with fetal weight, corre-
sponding to growth of the heart, consistent with over-
all development. Third, if the relative position of a
subject in one of the growth profiles is to be useful as
an index of that subject's degree of abnormality, then
there should be positive correlation between weight-
adjusted scores on related structures.

Table 1 is a summary of the analysis of the fetal
measurements. The correlations among the cardiac
dimensions before adjustment for weight dependence
are displayed in section A. All are quite strong and
positive. Their detailed pattern indicates that, within
this overall pattern of positive correlation, there is
some independence between the great arteries and the
three measurements of cardiac chamber size.

Section B of table 1 displays regression statistics
from the dependence under a power function model, of
the cardiac dimensions on fetal weight. Again, all cor-
relations are fairly strong and positive. Plots of the
raw data, including the estimated regression line, with
5% and 95% confidence limits, are presented as figures
4-6. Curvature toward the origin, consistent with a
power function model, is apparent in each of them.
The raw data were converted to weight-adjusted
scores by using the expected value from the regression
equations and the conditional standard deviations
upon which the confidence bounds are based. Under
this transformation, any case lying exactly on the up-
per confidence boundary would yield an adjusted score
of 1.96, regardless of its weight. Thus, the adjusted
scores represent the extent to which the subjects
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TABLE 1. Fetal Data Analysis Summary

Section Dimension TCD RV LV PA AO Statistics shown

A TCD - 0.93 0.94 0.75 0.73 Correlations for

RV 0.93 0.70 0.72 unadjusted data

LV 0.72 0.74 (see text for details)
PA - 0.93

AO

B Scale factor a 0.356 0.128 0.099 0.137 0.096 Regression statistics:

Component b 0.284 0.315 0.329 0.224 0.253 dimensions on fetal
r 0.86 0.83 0.81 0.68 0.66 weight: n = aWtb

C TCD 0.74 0.80 0.45 0.42 Correlations for

RY 0.79 0.35 0.39 weight-adjusted data

LV - - 0.40 0.44 (see text for details)
PA - - 0.87

AO

n 50 47 47 47 50

*A1l coefficients significant at p < 0.05.
Abbreviations: AO = aorta; PA = pulmonary artery

triCle; LV = left ventricle.

deviate from the overall "normal" pattern of the
group. The correlations among these adjusted scores

are displayed in section C of table 1. Although they
are consistently smaller than those among the unad-
justed dimensions, all are positive and significant. This
indicates that a subject found to be relatively large or
small on one cardiac dimension tends also to be

5.00

0 4.50

E4.00-

ou 3.50-

3.00-

2.50

2.00+

1.50+

1.00±

0.50-

; TCD = total cardiac dimension; RV = right ven-

relatively large or small on the others. The detailed
pattern of contrast between the great artery
measurements and the three cardiac chamber dimen-
sions is stronger here than in the unadjusted data, as

the compounding effect of weight has been removed.
Figure 4 documents the growth of the total cardiac

dimension of the heart measured in a four-chamber

500 1000 1500 2000 2500 3000 3500 4000 4500 5000

FETAL WEIGHT (GRAMS)
FIGURE 4. The growth of the fetal total cardiac dimension (cm) takenfrom afour-chamber presentation is

plotted against calculated fetal weight. Statistical analysis refers only to the fetal data (squares). The central
line is the regression line. The other lines represent the 5% and 95% confidence limits of the regression
relationships. The regression lines and confidence limits are validfor the region over which they are drawn as

solid lines. They have been extrapolated as dotted lines to allow a visual comparison of the postnatal data.
Postnatal measurements from apical four-chamber views are marked as circles. Closed triangles represent

data from two hydropic fetuses. The open triangle refers to an unaffected RH fetus. See tables 1 and 2.
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FETAL WEIGHT(GRAMS)
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0 500 1000 1500 2000 2500 3000 3500 4000
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presentation. The statistical regression analysis uses

fetal data only. Table I shows the regression analyses
for all curves.

Figure 5 is a comparison of the growth of the RV
(A) and LV dimension (B) in relation to calculated
fetal weight. These data are plotted as in figure 4. As
seen for total cardiac dimension, a power function of
fetal weight provided the best correlation. All correla-
tion coefficients are comparable, but slightly lower
than for total cardiac dimension.

Superimposed on these diagrams are the three RH
fetuses. The nonhydropic fetus exhibits measurements
within the 95% confidence limits. The two hydropic
fetuses have normal LV diameter but lie above the
confidence limits with respect to the RV diameter,
thus demonstrating RV dilatation, associated with
clinical hydrops fetalis.

Figures 6A and B are a comparison of the growth of
the great arteries in relation to a calculated fetal
weight. The data are displayed as in figure 4. The cor-
relation coefficient was considerably lower than for
the ventricular measurements R(PA) = + 0.68,
R(AO) = + 0.66. The magnitude of growth and ab-
solute size of the great arteries is considerably less
than for the ventricles or total cardiac dimension, thus
presenting difficulties for quantitation of growth and
reflected in the poorer correlations.

FIGURE 5. The growth of (A) the right
ventricular diameter (RV) and (B) the left
ventricular diameter (L V) from a four-
chamber view are plotted against calculated
fetal weight. Statistical analysis and display
are the same as in figure 4.

4500 5000

Table 2 displays the results of the analysis of the
postnatal data in relation to the fetal developmental
patterns for both of the great artery dimensions and
for the cardiac chamber dimension. The significant t
values comparing the means of fetal and postnatal
weight-adjusted scores permits rejection of the
hypothesized common developmental pattern. Thus,
the artery dimensions are both significantly larger
after birth than they would be expected to be on the
basis of the extrapolated fetal pattern, while the RV
dimension is smaller. The total cardiac dimension and
LV dimension show insignificant deviations from the
fetal patterns; however, the t value for total cardiac
dimension is marginal (p = 0.055), just short of the
significance cutoff. None of the dimensions shows a

significant correlation between fetal and prenatal
weight-adjusted scores, indicating low predictability.
Technically, only those for total cardiac dimension
and left ventricle should be considered at all predict-
able, but with very poor correlations. The differences
in postnatal measurement could result from a

difference in technique or plane of imaging. The fact
that these differences affect the aorta, a circular, easily
imaged structure, suggests that they may be real.

Figure 7 shows the dimensional ratios of the
pulmonary artery to the aorta (PA/AO) and right
ventricle to left ventricle. It also provides regression

0
0

r=0.81

h
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500 1000 1500 2000 2500 3000 3500 4000 4500
FETAL WEIGHT (GRAMS)

50 DO FIGURE 6. Growth of (A) the pulmonary
artery (PA) and (B) the aorta (A0) taken
from great artery views are plotted against
calculated fetal weight. Statistical param-
eters and display are the same as infigure 4.

500 1000 1500 2000 2500 3000 3500 4000 4500 50oo
FETAL WEIGHT (GRAMS)

lines for each ratio of right- to left-sided structures
.plotted with respect to estimated fetal weight. The
PA/AO ratio appears to be relatively constant
throughout gestation. (All ratios were rounded off to
two significant figures.) While slightly lower ratios
appear more common later in gestation and after
birth, no significant difference occurred between the
prenatal and postnatal ratios for the PA/AG. In con-
trast, the RV/LV ratio is also relatively fixed before

TABLE 2. Analysis of Postnatal Data

Mean
Mean postnatal

Dimension fetal Z Z t r n

TCD 0.25 -0.49 2.05 0.40 19

RV -0.32 -1.95 3.82* 0.02 19
LV -0.14 0.07 -0.47 -0.20 19
PA -0.02 1.63 -3.41* -0.31 19
AO -0.17 1.61 -4.86* -0.04 19

*Significant at p < 0.05 by two-tailed paired t.
Abbreviations: Z = weight adjusted score expressed as

a number of standard deviations; t = t test value; TCI) =

total cardiac dimension; RV = right ventricle; LV = left
ventricle; PA = pulmonary artery; AO = aorta.

birth with respect to estimated fetal weight but is
significantly lower in postnatal measurements.
Figure 8 demonstrates grouped data ofPA/AO and

RV/LV ratios regardless of estimated gestational age
or weight. The ratio between the dimensions of great
arteries before and after birth is unchanged, and shows
a slightly larger diameter of the pulmonary artery
compared with the aorta. Differences between the
prenatal and postnatal ratios are within the limits of
accuracy. On the other hand, the RV/LV dimensional
ratio changes considerably after birth.

Discussion
This quantitative study of cardiac measurements

provides fetal cardiac growth curves for the second
half of pregnancy. Cross-sectional cardiac mea-
surements can be obtained serially prenatally and
postnatally. Our fetal measurements derived from
four-chamber views are not comparable to mea-
surements of premature infants which have been
published using M-modes.'0 The same is true for the
measurement of the great vessels, because we
measured the inner dimension of the aorta and
pulmonary artery from two-dimensional images. The
exact positions of the outer edge of the pulmonary
artery are difficult to define on echo images. Ad-
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FIGURE 7. Comparison of (A) the pre- and postnatal dimensional ratio of pulmonary artery/aorta
(PA /A 0) and (B) the right ventricle/left ventricle (R V/L V)plotted with respect to estimatedfetal weight by
linear regression analysis.

ditionally, pulmonary artery measurements are
difficult to obtain by M-mode and cannot be com-
pared to our data. At present, measurements of cross-
sectional images are not standardized. Validation of
quantitative measurements of the anatomic views we

obtained are just beginning to be reported.7
Measurement factors, such as the thickness of the

lines, may differ from instrument to instrument. We
optimized them by using minimum gain in order to get
echo lines as thin as possible and used very high
resolution systems. Another measurement problem is
that as soon as the "real-time" integration of the eye
performed on the moving image is lost, any still frame
is difficult to measure.

Aside from the problems involved in the measure-
ment of the still frame, the great arteries represent
smaller structures which grow only about 5 mm dur-

ing the second half of pregnancy. Changes in size of
± 1 mm can hardly be detected by our echo method,
especially in structures measured laterally side-to-side
rather than in an axial direction. This results in a
relatively large error for the slow-growing vessels and
may explain the poorer correlations obtained for these
measurements vs estimated fetal weight.

Difficulties also arise from our reference standard,
the calculated fetal weight, which, although it is a

relatively accurate method, has a standard deviation
of at least ± 100 g.11' 12

Resolution limitations in present diagnostic in-
struments obviously limit the absolute accuracy of the
data we present. A large-aperture, high-frequency,
5-7-MHz dynamically focused scanner with fetal
ECG (or Doppler signals for timing) and directionally
oriented TM-mode would be best for the studies we
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PA/AD

I
1.18
±0.01 1.14

±0.02

P= NS

NATAL NATAL

RVILV

I
1.18
±0.01

0.99
±0.03

P( 0.001

NATAL NAl

N: 50 19 50 19
FIGURE 8. Grouped data for pre- and postnatal dimensional ratios as in figure 7. The mean (circle) and
± SEM (brackets) are shown. Statistical analysis is by unpaired t test.

have described. Image rate should be at least 60
frames/sec.
The physiologic changes of the circulation at birth

affect ventricular size considerably. The size of the
great arteries appears less affected (figs. 5, 7 and 8).
Our preliminary data suggest that the total dimension
of the heart stays constant (fig. 4), but left ventricular
dimension may become slightly larger and right ven-
tricular dimension becomes significantly smaller,
resulting in an equalization of ventricular size after
birth. These findings confirm earlier ultrasound
research on fetal cardiac chamber size by Winsberg,2
but are contrary to work reported by Garrett and
Robinson.' Recent data reported in abstract form by
Voster et al.'3 in fetuses older than 32 weeks esti-
mated gestational age show measurements similar to
ours in a smaller series. Finally, our data are also
similar to an older radiographic study on aborted fetal
and newborn heart size performed by Lind and
Wegelius.'4

In recent years, efforts have been made to under-
stand physiologic changes in the circulation before
and after birth by study of chronically instrumented
fetal lambs.'6-"7 Findings in these studies about
chamber size in utero and changes after birth are also
similar to the data we report in the present study.

Conclusions
The resolution capabilities of new ultrasonic in-

struments allow detailed quantitative analysis of the
development of the fetal heart during the second half
of pregnancy. This study, therefore, provides a new
method for evaluating fetal development. It also
enables us to investigate noninvasively the circulatory
changes which take place perinatally. These data con-

firm previous work using highly sophisticated, chronic
animal preparations which provide observations about
the major adjustments of the circulatory system for
extrauterine life.

Quantitative data should not only be of use in
evaluating functional abnormalities in the abnormal
fetus, but the chamber and great vessel patterns
should also be useful as baseline data for attempts at
prenatal diagnosis of congenital cardiac malfor-
mations5 because, for instance, in tricuspid atresia,
gross abnormalities of chamber size may be present
and may be detectable early in utero. As such, the nor-
mal quantitative data published herein may be of use
as an adjunct for prenatal cardiovascular diagnosis by
echocardiography.
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The Blalock-Taussig Anastomosis in Infants
Younger Than 1 Week of Age

L. HENRY EDMUNDS, JR., M.D., LARRY W. STEPHENSON, M.D., AND JAMES P. GADZIK, M.D.

SUMMARY Thirty-one newborns 7 days of age or younger had a Blalock-Taussig subclavian-pulmonary
arterial anastomosis for hypoxia and acidosis secondary to cyanotic congenital heart disease. Seven infants
(23%) died within 30 days of operation, four of shunt thrombosis and three of sepsis. Six newborns died 1-44
months after operation, two of respiratory insufficiency and sepsis, two at reoperation and two of unknown
causes. Eighteen (58%) are alive an average of 38 months after operation.
The lowest preoperative arterial Pao2 increased from a mean of 21 torr to 34 torr after the shunt was

opened. Postoperatively 13 infants had one or more arterial Pao2 of 25 torr or less, but only nine were also

acidotic. The shunt was patent in three of these infants and thrombosed in six (19%). The mean diameter of

thrombosed shunts (2.3 mm) was significantly less than that of patent shunts (2.9 mm). Seventy-eight percent
of successful shunts remained open 4 years or longer and none closed abruptly after hospital discharge.

In newborns, early mortality of the Blalock-Taussig anastomosis is nearly four times that for infants I week

to 2 years of age. However, the use of prostaglandin El to dilate the ductus arteriosus should reduce early mor-
tality caused by shunt thrombosis or stenosis. The presence of a partially patent ductus in newborns makes

clinical determination of shunt patency diffilcult. Although the results of the Blalock-Taussig anastomosis in

cyanotic newborns are unsatisfactory, other procedures have not produced better results. Long-term advan-

tages of the Blalock-Taussig anastomosis make it useful when the subclavian artery is 2.5 mm in diameter or

greater.

MANY NEWBORNS with cyanotic congenital heart
disease are dependent on the ductus arteriosus for all
or almost all of their pulmonary blood flow. Most of
these infants have lesions that cannot be corrected in
the neonatal period,'-7 and therefore require a

systemic-pulmonary arterial shunt for survival. In
older infants and children, the Blalock-Taussig sub-
clavian-pulmonary arterial anastomosis is preferred
and has many advantages over alternative shunts.3' 8-11
However, in newborns, the question of which shunt is
best is not settled. Newborns younger than 1 week of
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age have unique hemodynamic and anatomic con-
siderations that make shunt construction more
difficult than in infants only a few weeks older. Early
mortality of systemic-pulmonary arterial shunts in
newborns is more than twice that of older infants.4

In this report we analyze the early and late results of
the Blalock-Taussig anastomosis in 31 newborns ages
7 days or younger.

Methods

Between August 1971 and August 1979 31 con-
secutive newborns 7 days of age or younger had a
Blalock-Taussig anastomosis and no other procedure
for severely cyanotic congenital heart disease.
Twenty-four patients (77%) were admitted within 1
day of birth, and 25 had operation within 3 days of
birth. All infants had severe cyanosis and hypoxia, and
all infants had cardiac catheterization before opera-
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