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Monitoring fetal growth and assessing its predictors have
important place in antenatal care management. Accurate pre-
diction of gestational age (GA) and birth weight (BW) is
clinically important. Standard growth curve chosen should be
evaluated to see if it satisfies the criteria for a valid assesment.
In this paper, for the purpose of contributing to develop
national standards and to evaluate Hadlock’s standard data
pertaining to 1411 fetuses were examined. Of 1411 normally
growing fetuses, one measurement for AC, BPD and FL was
taken by ultrasound. GA was assessed via menstrual history
which is also confirmed by ultrasonography. Several variables,
AC, BPD, FL, FI/AC, BPD/FL and dependent variables (GA
& BW) were modelled mathematically. Percentile values,
correlation coefficients were calculated and well functioning
regression equations were produced for the fetal growth
evaluation. Simple correlation model re-confirmed that AC,
BPD and FL. were well predictors of GA. Via modelling by
multivariate regression analysis (adj. R*=937), GA=4.945 (95%
CI: 4.661- 5.654) + .606 AC + .105 BPD + .286 FL can be
estimated. It couldn’t be possible establishing an appropriate
equation for prediction of BW vith current data. Our study is
intended to draw an attention on requirement of national
standards although Hadlock’s standard growth curve may
evaluate fetal development accurately. Forming compre-
hensive cohort group is under our consideration. The equation
we developped (shown in the results), might be a working
contribution.
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INTRODUCTION

Accurate estimation of fetal age is important for
appropriate antenatal management. The estima-
tion of gestational age by ultrasound is based on
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the known relationship between fetal age and
size.” The fetal ultrasonographic biometric data
can be evaluated by referring to standard growth
curves derived from large number of normally
growing fetuses.” Current data evaluation requires
several decisions to be made. The first involves
choosing an appropriate standard growth curve,”
which should be tested to determine that it
satisfies the criteria for a valid growth curve.
Finally, the data from the population being
studied should be compared with the standard
curve range of variability. Since the range of
variability may be different even in similar
populations, it is necessary to decide if our stan-
dard growth curve (Hadlock’s growth curve) sat-
isfies the biometrics of normally growing fetuses
in the population being studied.

MATERIALS AND METHODS

The data from 1411 fetuses were evaluated
retrospectively during this study. Ultrasono-
graphic evaluation was conducted by chief resi-
dents. Women with multiple gestations, diabetes,
or growth disorders, such as intra-uterine growth
retardation were excluded. Cross-sectional mea-
surements of each case were used for assessing
the gestational age (GA) and the birth weight
(BW). Biparietal diameter (BPD) was measured in
the axial plane at the level where the continuous
midline echo is broken by the septum pellucidum
cavum. Measurements were made from the outer
to inner margins of the fetal skull. The abdominal
circumference (AC) was measured directly by a
plot on a transvers section through the fetal
abdomen at a level where the umblical vein and
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the stomach bubble were seen. The femur was
measured from the origin to the distal end of the
shaft. We also calculated the femur length/
abdominal circumference ratio (FL/AC) and the
BPD/FL ratio in the assessment of fetal growth.
Since head circumference (HC) was not measured
in all cases, it was not taken into consideration in
this evaluation. Five independent variables (BPD,
FL, AC and proportional parameters of FL/AC,
BPD/FL) and dependent parameters (GA and BW)
were biomathematically modelled and graphed to
determine the two best fitting curves. Percentile
values and Pearson correlation coefficients were
also calculated, and a well-functioning multivari-
ate regression equation was produced for esti-
mating gestational age.

SPSS 8.0 version was utilised for statistical
analysis.

RESULTS

Cross-sectional data with descriptive statistical

Table 1. Descriptive Statistics of Study Parameters (n=1411)
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values are presented in Tables 1 and 2.

Parity was between 0 - 4, median with 1, mode
with 1 (95% CI: 0.68-0.77), and primigravidity
was 45.4% of all cases. Percentile values for the
study group, which show the data distribution, are
summarized in Table 2. Ultrasound measure-
ments were taken once in each case, and were
evaluated by Correlation Analysis for GA, which
was estimated on the basis of the last correct
menstruation date. Results obtained are shown in
Table 3.

Gestational age (week) = 4.945 (95% CI: 4.661 -
5.654) + 0.606 AC + 0.105 BPD + 0.286 FL

As shown by Table 3, significant correlations
exist between BPD, AC, FL and estimated GA
based upon correct last menstrual history. GA as
the main dependent variable and its correlative
profiles with potential predictors are represented
by Figures 1, 2, and 3, with the two best fitting
curves.

According to the findings of Table 3, the best
working formula for GA prediction is Gestational
age (week) = 4.945 (95% CI: 4.661 - 5.654) + 0.606

Variables Mean + SD CI 95% Min, max, range

Gestational age (week) 294 £ 8.0 28.9-29.8 13 - 40; 27 week

Birth week 385 £ 23 38.3-38.7 15-40; 25 week

Birth weight (gm) 3351 + 482 3319 - 3384 700 - 3900; 3200

AC (am) 2510 £+ 8.1 24.67 - 25.54 3.9-394; 35.5

BPD (cm) 713 £ 212 7.02-7.24 1.21 - 10.50; 9.29

FL (cm) 580 £ 19 5.69-591 1.21-24.2; 23.0

FL / AC 22 £ .02 23-22 .06 -.33; 5.5 folds

FL / BPD 82 + 15 .78 - .80 .22-2.00; 9.0 folds

Mother age 267 £ 49 26.3-27.1 18 - 41; 23 year

Parity 7 £ 8 64-.76 0-4; 4 pregnancy
Table 2. Variables and Percentile Values (n=1411)

Percentiles
Variables
3 5 10 25 50 75 90 95 99

Birth weight (gm) 2300 2642 2800 3050 3400 3600 3700 3750 3900
AC (cm) 9.89 10.60 1215 18.03 27.23 32.00 33.86 34.90 37.56
BPD (am) 3.06 3.37 3.80 5.40 7.66 9.00 9.45 9.62 9.90
FL (cm) 210 240 3.20 444 6.30 7.20 7.51 7.69 8.00
FL / AC 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.28
BPD / FL 0.60 0.64 0.67 0.73 0.77 0.81 1.00 1.00 1.00
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Table 3. Regression Equations of Gestational Age (GA) Prediction from Fetal Ultrasonometric Measurements (13-40
weeks, n=1411).

Fetal

Measurements, cm Regression equation { best fitted 2 curves } R* (%)
AC GA = 5956 + 941 AC 914
AC GA = 20355 - 1.260 AC + 1006 AC* - 0014 AC 922
BPD GA = 2412 + 131 BPD 872
BPD GA = 11159 + BPD™" 872
FL GA = 1863 + 6.280 FL - .211 FL? 908
FL GA = 11.769 + 1275 FL + .449 FL* - 020 FL? 927
AC, BPD GA = 4685 + .710 AC + .269 BPD 932
AC, FL GA = 5341 + 738 AC + 272 FL 928
BPD, FL GA = 5688 + .470 BPD + .505 FL 945
AC, BPD, FL GA = 4945 + 606 AC + 105 BPD + .286 FL 937

AC + 0.105 BPD + 0.286 FL using BPD, AC, and
FL. Using 3 variables, we could reached an
adjusted R” value of 93.7%, which is capable of
explaining 93.7% of the entire variation in GA.
Additionally, using Table 3, some improvements
have been made by curve fitting efforts instead of
using simple correlations.

For example, in the 2™ Jine of Table 3, a third
order quadratic seems a better estimator of GA
than a simple linear fetal AC correlation. Further-
more the exponential models are stronger than the
linear models for prediction of GA based on FL.
These formulas are not complicated and can be
loaded into the software system of ultrasound
devices and thus may interprete individual data.
However, we may need to increase longitudinal

GA =2.412 + .131 BPD; R?=.872 (growth)
GA = 11.159 + BPD °"*! (exponential),
R?=.872,n=1411
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Fig. 1. Correlation between gestational age (week) and AC
measurements (cm)

Fig. 3. Correlation between gestational age (week) and FL
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data sets for such interpretation. On the other
hand, it is understood that, single ultrasound
measurements of fetal somatic growth parameters
are not good predictors of BW. This finding is in
line with classical knowledge because fetal weight
gain does not follow a continuously linear trend,
but a declining marginal trend relative to the early
pregnancy weeks and reaches a plateau during
the last few weeks.

DISCUSSION

This paper presents a quantitative evaluation of
prenatal growth profile. The biometric data are
well defined, easily measured, reliable, and
reasonably insensitive to technical errors. As more
variables are measured by ultrasound, the
accuracy of GA estimation increases.*” The error
in estimating the mean composite variables will
always be less than the error for any single
variable." However, there is a point when the
addition of further variables no longer increases
the accuracy, and this point may be still unde-
fined. Then no single variable has an advantage
in terms of predictive accuracy, and the estimation
of fetal age based on a single variable is no longer
used in clinical practice. Furthermore, serial
measurements increase the accuracy of fetal age
estimation in late gestation, but fetal age deter-
mination at late pregnancy is fraught with con-
siderable error. For example, a composite estimate
of BPD, AC, HC and FL have shown a 8%
improvement in predictive accuracy in early
pregnancy and up to 28% improvement in late
pregnancy.” On the other hand, unknown or
uncertain menstrual data still presents a clinical
dilemma, and therefore, the composite estimate of
gestational age is still an area of fetal biometrics
research. Our fetal biometric data can also be
accurately evaluated using Hadlock’s standard
growth curve for the estimation of GA. So called
equations may still need adjustment to allow
considerations to be made for region, race,
smoking and other anamnestic patient features.
When growth parameters are fitted as a function
of gestational age, they function well in the
standard curves and its fitted curve. Careful
attention is required when utilizing these stan-
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dards in any given region or population. In
addition to this, methodological discrepancies
(Hadlock’s cohort vs. our cross-sectional data)
might affect this comparison.

Multi-centric, single-protocol, large scale cohort
studies have best proven the validity of world-
wide standard equations, curves and nomograms.
These evaluations should based on two to three
easily conductable measurements, such as BPD,
AC, and FL, which act as strong and reliable
predictors. Finally, mathematically well processed
equations loaded into the software associated with
ultrasound devices provide on line help and
evaluation the data.

Our presentation is a local report intended to
draw attention to the small variations that might
affect fetal biometrical data. Gestational age
calculated on the basis of last menstrual date are
compatible with the estimated ages , which utilize
fetal ultrasound growth parameters.

A more comprehensive cohort group is now
under consideration. The equation produced for
estimating GA is as follows:-

Gestational age (week) = 4.945 + 0.606 AC +
0.105 BPD + 0.286 FL

(with significant, adjusted MR*=0.937) might be
a contribution for normally growing fetuses.
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