Frequently Asked Questions (FAQ’s) - Individualized Growth Assessment
1.

What is “individualized growth assessment”?

Commonly used methods for evaluating fetal growth abnormalities rely on a comparison of an
th
estimated fetal weight to a specific population standard (e.g. EFW < 10 pct represents small for
gestational age). Unfortunately, this classification does not distinguish between fetuses that are
small or large due to genetic factors, but otherwise normal. A typical problem arises when a fetus
from one ethnic group has an EFW that is interpreted using weight percentiles that are derived
from an entirely different patient population. This can lead to confusion as to whether or not a
fetus has any sonographic evidence for an intrauterine growth abnormality.
Individualized growth assessment (IGA) is an analysis that evaluates changes in sonographic
parameters over time by comparing current and expected growth. In this manner, actual
measurements are compared to third trimester growth predictions, based on second trimester
growth models, that have been previously established for an individual fetus (each fetus being
its own control). This
concept was originally described Dr. Russell Deter and colleagues in
1986. It is based on a growth model developed by Dr. Ivar Rossavik (1982). The Rossavik model
has the following general forms and the remarkable ability to summarize the growth
characteristics of one-, two-, and three- dimensional parameters by only changing coefficient
values (c, k, and s).

The Rossavik function can predict third trimester growth of a given fetal parameter in normally
growing fetuses and provides a method by which abnormal growth can be evaluated.

IGA Example
Second trimester fractional
thigh volume (TVol)
measurements define
expected and normal third
trimester growth for an
individual fetus.
In this case, TVol growth
lags during the third
trimester as seen by the last
three visits.
Each fetus acts as its own
control and no population
standards are required.
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2.

Where did the Rossavik Growth Model come from?

The Rossavik Growth Model was developed by Dr. Ivar Rossavik and first presented in his
doctoral thesis, ‘Patterns and Principles of Fetal Growth’ , University of Oslo, Norway (1982). Dr.
Rossavik was modeling fetal growth in different time periods using the well-known allometric
k
function, P = c(t) , where P is the anatomic parameter, t the duration of growth and c,k the model
coefficients. He found that growth was quite linear (e.g. k approximately equal to 1for 1D
parameters) up to 26 weeks, MA, but progressively declined after that (e.g. k became smaller and
smaller for intervals after 26 weeks) Therefore, to model growth over all of pregnancy, he needed
k
a growth model with two parts, one for the linear part before 26 weeks, MA, [ P= c(t) ] and one
st
for the progressive decrease seen after 26 weeks [P= (t) ]. The exponential coefficient of the
latter was called s, which is usually negative, to differentiate it from k and t was included in the
exponential to account for the progressive decline in growth after 26 weeks. When these two
k+st
functions are put together, one has the classic Rossavik Growth Model, P= c(t)
. As can be
seen, this function was empirically derived to model the patterns of fetal growth observed by Dr.
Rossavik.

3.

What is the nature and biological significance of Rossavik model
coefficients?

Coefficients c and s contain the specific information regarding the growth of specific parameters
in an individual fetus.
Coefficient c represents control mechanisms that regulate fetal growth. It can be estimated
from the measured linear slope between two or more scans during an assumed time of normal
second trimester growth.
Coefficient k reflects the anatomic characteristics of the measured parameter. A 1D parameter,
such as femoral diaphysis length (FDL), would have a k value of 1, whereas a 3D parameter (e.g.
fractional thigh volume) would have a k value of 3. The coefficient k of each anatomical
parameter is usually held constant for all fetuses since there is no reason to believe that
anatomical characteristics change from fetus to fetus.
Coefficient s represents an unknown control system that regulates the growth process. I It is
possible that insulin-like growth factor (IGF-1) and its binding protein may be related to this
coefficient’s behavior. Coefficient s is often, but not always, negatively related to Coefficient c.

4.

What is a “start point” for the Rossavik growth model?

This is the zero point on the x-axis for each growth curve. The start point (SP) value is obtained
by fitting a linear function to the data for a specific parameter (at least two measurements),
against menstrual age. It may be necessary to transform the parameter value in order to plot a
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linear function (e.g. cube root of a 3D volume parameter such as fractional thigh volume or
square root of abdominal area).

The Rossavik model’s time variable (t) is calculated using the expression: t = MA-SP. The
concept of a “start point” is necessary because the usual measure of fetal age, MA, defines a
time period that begins 2 weeks before conception. Fetal thigh circumference is the only 2D
parameter that uses a fixed start point of 8 weeks for purposes of IGA. The SP is also closely
related to a time in embryogenesis when a given structure is seen for the first time.

5.

What are head and abdominal cubes?

In his 1982 thesis, Dr. Rossavik described a weight estimation function that was based on
parameters related to volume – head and abdominal cubes, or A and B. The head and abdominal
cubes can be easily determined by measuring the short and long axes of the head (HLA, HSA)
and abdomen (ALA, ASA). To compensate for the lack of a third dimensional measurement, the
product of the two one-dimensional measurements is raised to the 1.5 power:
Head Cube (A) = (Head SA • Head LA)

1.5

Abdominal Cube (B) = (Abd SA • Abd LA)

1.5

1. The weight estimation procedure itself is complex, but has been programmed into this
software package. Using this approach, one prospective study found that individual growth
standards for EFW could be accurately determined from second trimester growth patterns as
early as 14 weeks before delivery. In this iGAP software, head and abdominal
circumferences are calculated from standard formulae that use HLA, HSA, ALA, and ASA
outer diameter measurements up to 26 weeks. After 26 weeks, ASA and ALA are still used to
calculate B but FOD and BPD are used to calculate A. Empirically, this A parameter gives
better EFW values after 26 weeks.
Deter RL, Rossavik IK, Harrist RB. Development of individualized growth curve standards for
estimated fetal weight: I. Weight estimation procedure. J Clin Ultrasound 1988;16:215-225.
Deter RL, Rossavik IK, Carpenter RJ. Development of individualized growth standards for
estimated fetal weight: II. Weight prediction during the third trimester and at birth. J Clin
Ultrasound 1989;17:83-88.
Deter RL, Hill RM, Tennyson LM. Predicting the birth characteristics of normal fetuses 14 weeks
before delivery. J Clin Ultrasound 1989;17:89-93.
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6.

How is the period of normal fetal growth defined?

Although some pregnancies with genetic syndromes or early perinatal infections can result in
early IUGR, most fetal growth abnormalities occur during the third trimester. IGA assumes that
the second trimester growth for a specific parameter is normal. For example, normal growth for
an individual fetus is defined for fractional thigh volume (TVol) if both the coefficient c [0.00056 0.00692, 95% range] and start point [6.2 - 11.8, 95% range] are normal during this time. If
coefficient c or the start point are abnormal for a given fetus, it may not be appropriate to use a
Rossavik model to predict a third trimester growth trajectory. However, one can see if the
abnormal values persist if a longer interval between scans is used for model specification.
Sometimes measurement errors causes slope values to be incorrect and with a longer interval
between scans, the measurement error is smaller compared to the amount of growth that has
occurred. Normal start point and c values with a longer interval between scans justifies use of
rd
IGA for predicting 3 trimester growth.
Lee W, Deter RL, McNie B, Gonçalves LF, Espinoza J, Chaiworapongsa T, Romero R.
Individualized growth assessment of fetal soft tissue using fractional thigh volume. Ultrasound
Obstet Gynecol 2004;24:766-774.

7.

How are Rossavik growth models specified?

Rossavik growth models, can be specified from the linear slopes of second trimester growth
curves before 26 weeks’, menstrual age if an appropriate value for k is available. Values for c, k
nd
and s, as well as the 2 trimester growth curve slope, are obtained by regression analysis using
longitudinal measurements from normally growing fetuses. The mean value of k is utilized as the
fixed k value for subsequent studies of a specific anatomical parameter. Regression techniques
are used to relate loge (c) to loge (slope) and coefficients s to c for each anatomical parameter.
General Procedure for IGA Model Specification
1.
2.
3.
4.
5.
6.
7.
8.
9.

Select end of normal growth period.
Fit linear function to data before end of normal growth
Determine slope of linear function and start point
Determine coefficients c and s from slope
use c and s with k to specify Rossavik model
calculate t from MA and SP
use specified model to calculate set of expected data points for plot
plot solid line up to end of normal growth age
plot broken line for rest of data points
rd

Actual 3 trimester measurements are compared to predicted values by calculation of the Percent
Deviation (%Dev) [%Dev ={(measured value – predicted value) / (predicted value)} x 100].
Observed %Dev values are compared to normal ranges determined in studies of normally growing
fetuses. For example, the growth of a parameter such as fractional arm volume (AVol) can be
modeled with the Rossavik function l in the following manner.
a.

Create three columns of AVol measurements for all time points
loge (AVol)
loge (t)
(t) loge (t)

b.

Use regression analysis on the following function to obtain coefficient values
loge (AVol) = loge (c) + k [loge (t)] + s [(t) loge (t)]
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c.

Exponentiate loge (c) to obtain coefficient c

Fortunately, this type of regression analysis has already been used to determine the average
coefficient k value for several sonographic parameters. The iGAP software uses this information
and a simplified method for determining coefficient c from the slope of a regression line of
parameter measurements taken before 26 weeks, menstrual age.

Deter RL, Rossavik IK. A simplified method for determining individual growth curve standards.
Obstet Gynecol 1987;70:801-806.
Stephos T, Deter RL. Individual growth curve standards for fetal head and abdominal
circumferences: Effect of the type of measurement on growth prediction. J Clin Ultrasound 17
1989;17:33-36.

8.

In order to use IGA, how many scans are required during the period of
normal fetal growth and how far apart should measurements be taken?
nd

The purpose of measurements in the 2 trimester is to determine the linear slopes of growth
curves. From this information a Rossavik Growth Model can be specified. Such slopes can be
determined from as few as two measurements but the more measurements used, the more
accurate the slope measurement and the less effect of measurement error. Previous studies have
shown that the initial scan can be carried out as early as 15 weeks, MA, and the interval between
scans should be 4-8 weeks in order to obtain slope values that give reliable model specification.
To simplify model specification process, the iGap software utilizes at least two parameter
measurements prior to 26 completed menstrual weeks of pregnancy in a period in which growth
can be considered normal. The software allows you to select one or more pairs of second
trimester measurements to determine growth velocity (e.g. slope).
Stefos T, Deter RL, Simon NV. Effect of timing of initial scan and interval between scans on
Rossavik Growth Model specification. J. Clin. Ultrasound 1989;17:319.
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9.

Why are the predicted values generated by IGA procedures not exactly
the same as 3rd trimester measured values even in normally growing
fetuses?

When comparing measured values to predicted values, it is important to remember that both
types of values are subject to error. In the case of measured values, these errors are due to the
measuring process and involve plane selection, cursor placement and data recording. The
predicted values, which are determined by the values of coefficients k,c and s, are subject to
errors in estimating these coefficients. The best estimates of these coefficients are obtained by
regression analysis using complete longitudinal data sets. The value of k is fixed as the mean of
the k’s found in analyzing data sets from normally growing fetuses but is usually close to real
nd
value of k for an individual. Coefficient c is estimated from the slope of the 2 trimester growth
curve. Although the relationship of c to slope (again determined in normally growing fetuses) is
usually strong, only by chance would its value be the same as the actual value of c. Estimates of
c are also affected by measurement errors arising during the determination of the slope.
Coefficient s is determined from the estimated value of c. This estimated s is only part of the
actual value of s (the predicted s) and does not include the s-residual. Therefore the value of
coefficient s is affected by the errors in estimating c, the relationship of s to c (not as strong as the
relationship of c to slope) and the size of the s-residual. It is important to note that all these
sources of errors are measurement or modeling errors and do NOT involve biological variation in
growth between individual fetuses. This is because each fetus is its own control.
Deter RL, Rossavik IK, Harrist RB, Hadlock FP. Mathematical modeling of fetal growth:
Development of individual growth curve standards. Obstet. Gynecol 1986; 68:156.
Deter RL, Rossavik IK. A simplified method for determing individual growth curve standards.
Obstet. Gynecol 1987;70:801.

10.

What is the Prenatal Growth Assessment Score?

The Prenatal Growth Assessment Score (PGAS) is the average pathological deviation for five
members of the Prenatal Growth Profile (estimated fetal weight, head circumference, abdominal
circumference, femoral diaphysis length, and thigh circumference) over any time interval prior to
delivery.
Prenatal Growth Assessment Scores (PGAS’s) are composite parameters that allow the detection
of growth abnormalities occurring at different times in pregnancy and affecting different
anatomical parameters in different fetuses. However, only the negative PGAS (-PGAS) has been
studied in any detail [1,2]. What little data is available [2] indicates that the positive PGAS
(+PGAS) has similar characteristics.
-PGAS and +PGAS actually represent the average negative and positive pathological percent
deviations (%Devp’s), respectively. A pathological percent deviation is one that is greater than the
lower/upper limit of the ranges of %Dev’s seen in normal fetuses. To be sensitive to differences in
the onset, duration, magnitude and affected anatomical parameters seen in growth abnormalities,
all available %Dev’s are evaluated up to any given time point. The PGAS’s calculated during the
rd
third trimester are called –PGASAt and +PGASAt . Those calculated at the end of the 3 trimester
are called –PGASAT and +PGASAT. A stands for anatomical variables and t,T stand for time points
rd
in the 3 trimester. At present, the available data on PGAS’s are based on evaluation of complete
sets of 5 anatomical parameters (EWT, HC, AC, FDL, ThC). Time points are not restricted in any
rd
way except that they are in the 3 trimester. This set of anatomical parameters can be changed
but doing so could affect the interpretation of numerical values calculated for the –PGAS, +PGAS
or both.
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Calculating a pathological percent deviation (-%Devp, +%Devp) requires subtraction of the
lower/upper limit value of the Normal Range for that type of %Dev being studied from the value of
the %Dev itself. The negative lower limit is used with negative %Dev’s and the positive upper limit
is used with positive %Dev’s. If the actual %Dev is LESS than the lower/upper limit, a -%Devp /
+%Devp does not exist and the difference is set to ZERO. If the actual %Dev exceeds the
lower/upper limit, the difference between the actual %Dev and the lower/upper limit is taken as
the magnitude of the -%Devp / +%Devp.
All pathological percent deviations up through a given time point are summed and the sum
divided by the number of percent deviations evaluated (including those with a difference value of
zero). Missing values are ignored. These average pathological percent deviations are the –
PGASAt and +PGASAt for a specific time point. The average pathological deviations calculated for
rd
all time points in the 3 trimester are the –PGASAT and +PGASAT, respectively.
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Changes in –PGAS over time are
noted in a fetus with normal
growth (top) as compared to a
fetus with IUGR (bottom).
The –PGAS stays very close to
zero in the normal fetus. This –
PGAS value becomes more
negative in the fetus with IUGR.

Deter RL, Stefos T, Harrist RB, Hill RM. Detection of intrauterine growth retardation in twins
using individualized growth assessment. II. Evaluation of third-trimester growth and prediction of
growth outcome at birth. J Clin Ultrasound 1992;20:579-586.
Deter RL, Xu B, Milner L. Prenatal prediction of neonatal growth status in twins using
individualized growth assessment. J Clin Ultrasound 1996;24:53-59.

9.

How is the Growth Potential Realization Index (GPRI) calculated and why
is this value important?

The Growth Potential Realization Index is an outcome variable for neonatal growth status. It
compares an actual neonatal size measurement (e.g. weight, crown-heel length, HC, AC, ThC) to
the appropriate predicted value (determined by fetal age at delivery) obtained using the
nd
appropriate 2 trimester Rossavik Growth Model. The equation for calculating the GPRI is as
follows:
GPRI = [(actual measurement – predicted measurement)/ predicted measurement] x100
For certain parameters in different types of fetuses (e.g singletons: AC, ThC), the predicted
measurements have to be corrected for overestimation before the GPRI is calculated. GPRI’s are
the only growth status parameters that are corrected for the effects of the two primary
confounding variables of neonatal growth assessment, namely birth age and growth potential.
Only GPRI’s can separate large or small normal neonates from macrosomic or IUGR neonates.

10.

What is the difference between the original and modified Neonatal Growth
Assessment Score?

Both the original and modified Neonatal Growth Assessments Scores (NGAS, mNGAS) are
composite neonatal growth status parameters that include WT, CHL, HC, AC, ThC. However, the
NGAS considers each component to be equally important in determining neonatal growth status
even though it is well known that soft tissues are abnormal more often in Macrosomic and IUGR
neonates and head size is only affected in very severe growth abnormality cases. This problem is
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corrected with the mNGAS since appropriate weighting factors for each component were
determined using a multivariate statistical procedure called Principal Components Analysis
(PCA). With mNGAS, Scores for IUGR neonates are low, for Normals intermediate and for
Macrosomics high, as would be expected logically. With the NGAS, both IUGR and Macrosomic
neonates have the same high Scores.
Deter RL, Harrist RB, Hill RM. Neonatal Growth Assessment Score: a new approach to the
detection of intrauterine growth retardation in the newborn. Am. J. Obstet. Gynecol 1990;162:
1030-1036
Deter RL, Nazar R, Milner LL. Modified neonatal growth assessment score: a multivariate
approach to the detection of intrauterine growth retardation in the neonate. Ultrasound Obstet
Gynecol 1995; 6:400-410.
Deter RL, Spence LR. Identification of macrosomic, normal and intrauterine growth retarded
neonates using the modified Neonatal Growth Assessment Score. Fetal Diagn Ther 2004;19:5867.

11.

Why are fetal soft tissue parameters important for IGA?

Current obstetrical practice has relied on the detection and management of growth disorders by
estimating fetal weight using 2D ultrasonography (2DUS). Conventional classification of fetal size
is based on the pediatric literature from nearly 40 years ago: small (<10th percentile, SGA),
appropriate (10-90th pct, AGA), or large (>90th pct, LGA (Battaglia FC, et al, 1967).
Unfortunately, this widely used approach does not distinguish between SGA fetuses that are
small, but otherwise normal, from other SGA fetuses that are malnourished or have some
developmental problem. A literature review has proposed alternative approaches for the
evaluation of neonatal nutritional status, rather than relying on birth weight alone (Beattie RB, et
al, 1994). The addition of anthropometric measurements and other methods, such as skin fold
thickness, should also be used to evaluate newborn infant body composition. Their review
concluded, “Only when we apply proper measures of neonatal nutrition status rather than
simplistic categorization based on birth weight, can we hope to determine the most useful
methods of identifying and assessing disorders of intrauterine growth and the prediction
of subsequent related morbidity and mortality.” More sophisticated methods need to be
developed for detecting truly malnourished fetuses. If detected early enough, these fetuses may
benefit from early intervention for the prevention of pathological processes that adversely impact
health in adult life.
The most common weight estimation algorithms do not consider fetal soft tissue. More recently,
three-dimensional ultrasonography (3DUS) has been used to improve the accuracy and precision
of fetal weight estimation by adding information about limb soft tissue. This approach has been
constrained by the amount of time it takes to manually trace soft tissue borders along the entire
fetal limb, especially around either end of the long bone. A faster method for evaluating soft tissue
is now available by using fractional limb volume. This technique requires the examiner to
manually trace soft tissue borders around 5 separate cross sectional slices of the arm or thigh.
Such measurements take about 2 minutes to complete and are reproducible between examiners.
Collaborative studies at William Beaumont Hospital, Perinatology Research Branch of the
National Institute of Child Health and Human Development, and Baylor College of Medicine have
found that these new soft tissue parameters can be evaluated by IGA as well. For example, the
Rossavik model would predict that a soft tissue volume parameter has a mean coefficient k value
of 3, whereas the actual observed value was 2.987. For a group of 22 fetuses with normal growth
2
outcome, Rossavik modeling of TVol had a high coefficient of determination (R = 0.99). Finally,
a mean start point of 9.0 ± 1.4 weeks, MA was consistent with embryologic studies indicating
completion of thigh formation at 8.3 to 8.9 weeks, MA.
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Direct measurements of these soft tissue parameters – either alone or as part of a fetal weight
estimation procedure – may offer improved assessment of how well the fetus is generally
nourished within the uterus

Why Bother with Soft Tissue?
The malnourished infant (left) has
a thigh that is remarkably different
than the over-nourished infant on
the right. Unfortunately, fetal soft
tissue
parameters
are
NOT
commonly used to estimate weight
because they are difficult to
standardize using conventional
sonography.

What is the Concept of Fractional Limb Volume?
Fractional thigh volume (TVol) is a subvolume that
includes 50% of the femoral diaphysis length. This
volume is centered around the mid-femoral shaft
(center dot). Note that a single and more conventional
thigh circumference measurement could vary greatly,
depending on the precise measurement site and leg
position. A similar analysis can be applied to the fetal
arm as fractional arm volume (AVol).
This approach reduces the amount of time it would
ordinarily take to measure the entire limb volume.
Also, it takes advantage of the soft tissue borders that
are more clearly visualized in the center of the limb as compared to the ends of the long bones.
How Can Soft Tissue Be Measured?
3D ultrasonography is used to measure
fractional limb volumes as seen on the
left.
For example, 3D multi-planar views of
the fetal thigh are first rotated into
standardized views. Electronic calipers
are placed on each end of the femoral
diaphysis (top left window). The volume
analysis software (4D View, GE
Healthcare, Milwaukee, WI) creates a
subvolume that is split into 5 separate
subsections that can be manually traced
from axial views (top right window).
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12.

Can IGA be reliably used for twins and triplet pregnancies?

As has been shown by Hata et al, IGA can be used in twin and triplet pregnancies, with results
nd
similar to those obtained in singleton pregnancies. Since in IGA each fetus is its own control, 2
trimester growth model specification procedures developed for singletons are also used with
nd
twins and triplets. Estimated c values obtained from 2 trimester slopes were quite similar in all
rd
three types of normal pregancies. Prediction of 3 trimester growth was also similar in these
different types of pregnancy. However, prediction of birth characteristics showed some
differences. Prediction of HC and FDL was quite similar in the three groups but for the latter,
different functions were needed to convert predicted FDL’s to predicted CHL’s. For the soft tissue
parameters, AC, ThC and WT, there was a progressive over-estimation in going from singletons
to twins to triplets. This suggests failure to lay down soft tissue in otherwise normal fetuses of
multiple gestations, perhaps due to the increasing demand on the mother associated with
supporting multiple fetuses. However, these over-estimations were systematic so can be
corrected for in the calculation of GPRI values.
Hata T, Deter RL, Hill RM. Individual growth curve standards in triplets: Prediction of thirdtrimester growth and birth characteristics. Obstet. Gynecol. 1991;78:379-384.
Milner L, Deter RL, Hill RM, Hegemier S, Hata T, Stefos T. Prediction of neonatal crown-heel
length in normal singletons, twins and triplets using individualized growth assessment. J. Clin.
Ultrasound1994;22:253-256.
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13.

Is IGA useful for fetuses from countries other than the United States?

Although the application of IGA to the evaluation of growth in different populations is limited,
previous studies have shown that it performs well in several American populations, an Italian
population, a Dutch population and a Japanese population. To date there is no reason to believe
that it will not give reasonable results in most, if not all, populations. This is probably because
nd
each fetus is its own control and the effects of genetics on growth will be seen in the 2 trimester
slopes used in model specification.
Deter RL. Inidividualized Growth Assessment: Evaluation of growth using each fetus as its own
conrol. Sem. Perinat. 2004;28: 23-32.

14.

What are the basic differences between IGA and the customized birth
weight percentiles proposed by Gardosi and colleagues?

IGA is a comprehensive growth assessment procedure that can be used with more than 15 onedimensional, two-dimensional and three-dimensional anatomical measurements. The Gardosi
method is limited to weight. IGA makes no assumptions about the shape of individual growth
curves or their relationship to percentile lines generated in cross-sectional studies of growth. The
Gardosi method assumes, without direct scientific proof, that individual estimated weight growth
th
curves have the shape of the 50 percentile line determined by Hadlock et al in a cross-sectional
growth study of estimated weight. This method also assumes that if growth is normal, individual
EWT growth curves will be the same as percentile lines. In IGA, the expected values to which
actual measurements are compared are derived only from Rossavik growth models specified
nd
from the measured slope of the 2 trimester growth curve and the duration of growth. The
Gardosi method starts by determining the expected birth weight at 40 weeks, based on
demographic variables and a regression model derived from a postnatal reference sample. The
percentile line of the Hadlock study that gives this expected birth weight at 40 weeks is then
chosen as the expected individual growth curve for that fetus. Actual EWT values at different time
points are compared to normal ranges, constructed around expected values, that are derived
from the variability characteristics of the postnatal reference sample (assuming without proof that
prenatal variability is constant and the same as that found in the postnatal sample). These ranges
contain the biological variability of growth between fetuses. In IGA, the difference between
expected and measured values of a growth parameter at a given time point is compared to the
measured prediction variability seen in normally growing fetuses. This variability is due only to
measurement and modeling errors and does not contain any of the biological variability of growth
between fetuses. Thus with IGA, detection of a growth abnormality only requires that the
difference between the expected and measured value be greater than the prediction error in
normally growing fetuses.

15.

What is the evidence that fetal “growth cessation” commonly occurs near
delivery and why is this concept important for IGA?

Fetal growth cessation is a theoretical concept that explains an empirical observation made
using the Rossavik growth model. As fetal age increases, the expected value of a measured
anatomic parameter also continues to increase. This increase is dampened during late
pregnancy, especially if coefficient s is negative and reasonably large. Corresponding neonatal
measurements after birth can be lower than predicted by the model at birth. This usually
produces a positive % difference and can result even when the expected and actual
measurements have been very close during pregnancy.
One explanation is based on the assumption that growth follows the third trimester trajectory with
random errors around the ideal trajectory line. At a certain time during late pregnancy, growth
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slows down or stops before delivery for unknown reasons. This has been observed in longitudinal
studies of normal fetal growth.
The timing of this event can be determined by choosing a growth cessation age and calculating
the expected birth characteristic for that age. Next, the percent differences (expected vs actual)
are calculated for a group of fetuses that deliver at different ages. The percent differences of the
group are plotted as a function of age at delivery. The correct growth cessation point occurs when
the percent differences show a random distribution with birth age (no regression between the
two). An incorrectly chosen growth cessation age will lead to a statistically significant regression
between the percent differences and birth age. Study subjects in Texas and Michigan have found
a growth cessation point of about 38 weeks, menstrual age. For a Dutch population, this growth
cessation age occurred at 39.2 weeks.
Deter RL, Hill RM, Tennyson LM. Predicting the birth characteristics of normal fetuses 14 weeks
before delivery. J Clin Ultrasound 1989;17:89-93.
Kurniawan YS, Deter RL, Visser GH, Torringa JL. Prediction of birth weight using the Rossavik
growth model. J Clin Ultrasound 1997;25:235-242.

17.

What does the “s-residual” explain and why is this clinically important?

The coefficient s of the Rossavik Growth Model has been found to be composed of two parts, the
predicted s (ps) and the s-residual (sr). The predicted s shows a significant relationship to c while
the s-residual has a value around zero in normally growing fetuses. Rossavik has studied the sresidual and found that it is increased significantly in fetuses of diabetic mothers who have birth
th
weights above the 95 percentile and decreased significantly in fetuses with birth weights below
th
the 10 percentile. Deter and Harrist have shown that the properties of the s-residual indicate that
it is the most direct indicator of the magnitude of a growth abnormality and therefore could be
used to monitor the progression of growth abnormalities when they are detected. The physical
system represented by the s-residual is currently unknown but its behavior in different growth
states is very similar to that of the Insulin-like Growth Factor I (IGF-1) and its binding protein
(IGF1-BP). If this link could be established, the s-residual could serve as a non-invasive indicator
of the status of this important hormonal growth controller.
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1982, pp. 175-184.
Deter RL, Harrist RB. Assessment of normal fetal growth. In: Ultrasound in Obstetrics and
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18.

How has IGA specifications of the fetal thigh circumference been modified
since its original description in 1987?

Fetal thigh circumference (ThC) has been proposed as a soft tissue parameter for evaluating
intrauterine growth and neonatal growth status. Two decades ago, an earlier investigation
established IGA standards for the upper fetal thigh (4). Rossavik model specification, however,
was hampered by the difficulty in measuring ThC before 22 weeks, MA. As a result, linear
regression was not used to determine individual SP and slopes of the ThC growth curve during
the second trimester, as has been possible with all other anatomical parameters (1-3). Fetal ThC
was the only parameter that used a fixed SP and model specification that was based on slope
data from the first and second time points after 22 weeks, MA (4). This method gave random
prediction errors that were twice as large as those for other one-dimensional parameters in the
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third trimester. Furthermore, predicted measurements at selected birth age over-estimated
neonatal ThC.
We performed a longitudinal study of thirty newborns with no postnatal evidence of abnormal
growth. Two examiners demonstrated satisfactory measurement bias with 95% limits of
agreement for ThC (m) = 2.1 ± 3.6% [ -4.9% to 9.1%] and for ThC (u) = 3.3 ± 4.1% [-4.8% to
2
11.4%]. Rossavik functions fit parameter trajectories well with mean R values (%): ThC (u) =
99.5 ± 0.4; ThC (m) = 95.6 ± 0.3. By fixing coefficients k at their mean values, their respective
fits did not change and the variabilities of coefficients c and s were significantly reduced. For
2
ThC (u), coefficient c was significantly related to the second trimester slope (R = 98.6%), as
2
was s to c (R = 91.0%). For ThC (m), coefficient c was significantly related to the second
2
2
trimester slope (R = 98.6%), as was s to c (R = 85.6%). Third trimester growth trajectories,
derived from second trimester slopes for individual fetuses, had the following third trimester
percent deviations: ThC (u) = 0.07 ± 3.7%; ThC (m) = -0.04 ± 3.7%. Percent differences at birth
age were 16.8 ± 10.3% for ThC (u) and 8.9 ± 9.5% for ThC (m). With correction for systematic
overestimations, the mean GPRI with their 95% ranges were: ThC (u) = 103.7% (90 - 121)%;
ThC (m) = 101.6% (88 - 118%). Corresponding m3NGAS51 values, using GPRIThC (u), GPRIThC (m)
and GPRIThC (o), were 203 ± 11%, 201+ ± 10%, and 200 ± 9%, respectively. Fetal thigh
circumferences can be reliably measured and evaluated using standard IGA methods. Both
ThC (u) and ThC (m) give similar results in the third trimester but neonatal ThC predictions are
improved by using ThC (m). The corresponding GPRIThC(m) values are closer to the ideal value
of 100% and can be used in m3NGAS51 calculations for assessment of neonatal growth
outcome.
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