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ABSTRACT

Background: Achieving an ideal method to assess the potential for fetal growth is
an unfulfilled aspiration in our discipline, and imposes the need for individualized
evaluation using new tools and integrated multi-parameters. Objectives: To evaluate
correlation and to establish cephalic/abdominal/femoral (CAF) index reference
values with gestational age (GA) and estimated fetal weight, in order to classify fetal
growth evolution as adequate or not adequate for gestational age, and correlation
with weight of the newborn at term. Patients and methods: 1 032 simple and not
complicated pregnancies 12 to 38 weeks of gestation were studied at the Polyclinic
Center of Valencia, Venezuela, between 2015-2017. Ultrasound measurements and
fetal weight were estimated at 3-5 weeks intervals. Studied parameters were head
circumference (HC), abdominal circumference (AC) and femur length (FL), integrated
in the CAF index = [(HC + AC) - FL] formula. The cubic regression model and Z-score
were appliedin 256 cases followed up to delivery. Three CAF groups were established:
a) CAF <50, b) CAF 50-57, and c) CAF >58; the mean + SD newborn weights were
calculated in each group. Results: The CAF index revealed an R? = 0.96, p <0.05 for
weeks of gestation, and R? = 0.92, p <0.05 for weight. In 256 cases followed up to
delivery, when the CAF index was equal or greater than 58, the newborn weight was
3361 +484 g, with statistically significant differences as compared to the other groups
(student test p <0.05). Conclusions: The CAF index is @ multiparametric method that
allows to determine by serial evaluations the expected individual growth potential
and virtually to identify deviations.

Key words: Fetus, Fetal growth, Fetal weight, Birth weight, Biometry, CAF index.

RESUMEN

Antecedentes. Lograr un método ideal que evalle el potencial de crecimiento fetal
es una aspiracion incumplida en nuestra disciplina, e impone la necesidad de una
evaluacion individualizada, a través de nuevas herramientas y multiparametros
integrados. Objetivos. Evaluar la correlacién y establecer valores de referencia del
indice cefalico/abdominal/femoral (CAF) con la edad gestacional (EG) y el peso fetal
estimado, para tipificar la evolucién del crecimiento fetal como adecuado o no parala
edad gestacional, y correlacionar con el peso del recién nacido a término. Pacientes y
métodos. Se estudiaron 1 032 embarazos con embarazo simple y sin complicaciones,
de 12 a 38 semanas de gestacién, en el Centro Policlinico de Valencia, Venezuela,
entre los afios 2015 y 2017. Las medidas ecograficas y el peso fetal se estimaron
a intervalos de 3 a 5 semanas. Los parametros estudiados fueron circunferencia
cefélica (CQ), circunferencia abdominal (CA) y longitud del fémur (FL), integrados en
la férmula indice CAF = [(CC + CA) - FL]. Se aplic6 el modelo de regresion cubica y
puntaje Z en 256 casos seguidos hasta el parto. Se establecieron tres grupos de CAF:
a) CAF <50, b) CAF 50 a 57, y c¢) CAF =58, calculando la media + desviacién estandar
de los pesos de los recién nacidos en cada grupo. Resultados. Segun las semanas de
gestacion, el indice CAF revelé un R2 = 0,96, p <0,05, mientras que para el peso fue
R2 = 0,92, p <0,05. En 256 casos seguidos hasta el parto, cuando el CAF tenia valor
igual o superior a 58, el peso del recién nacido fue 3 361 + 484 g, con diferencias
estadisticamente significativas en relacién al resto de grupos (prueba de student p
<0,05). Conclusiones. El indice CAF es un método multiparméetrico que permite, a
través de evaluaciones seriadas, determinar el potencial de crecimiento individual
esperado y virtualmente también identificar sus desviaciones.

Palabras clave. Feto, Crecimiento fetal, Peso fetal, Peso al nacer, Biometria, indice
CAF.
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INTRODUCTION

The American Journal of Obstetrics and Gyne-
cology (AJOG) devoted a special supplement to
the problem of normal fetal growth and its de-
viations, (volume 218; year 2018), and the one
by Kiserud et.al.™ on customized growth charts:
justification, validation and clinical benefits, is of
greater interest for the present paper. We can
see that there is a proliferation of fetal size stan-
dards, and both obstetricians and ultrasonog-
raphers are faced with several options, none of
them exempt from limited probabilities of abso-
lute diagnostic certainty, original source of peri-
natal damage, action or omission-9.

We must point out that it is evident that the
challenge for the future is to replace the classi-
cal representation of percentiles by the quantile
regression curves, a methodological strategy
introduced by Koenker and Bassett in 19780,
These curves deviate from linear regression
models whose equations used in the predic-
tion of fetal weight show limitations in terms of
certainty>'¥, since the variance between class
intervals is not homogeneous, which is known
as heteroscedasticity, contrary to the homosce-
dasticity required for the application of linear re-
gression models, in data whose distribution fits
the Gaussian curve. The non-uniform behaviour
of fetal growth during pregnancy imposes the
search and use of diagnostic tools involving co-
variatest™'®; different from the individualized
analysis of biometric data, capable of influenc-
ing growth beyond genetics”', one of the alter-
natives is to typify values based on the Z-score.

In search for new diagnostic tools for normal
fetal growth and its deviations, in 2012 we pub-
lished?? our first experience with the CAF index,
with the aim of finding an unifying and globaliz-
ing route from a conceptual point of view, and
we designed a tool that integrated in a formula,
the three parameters that continue to demon-
strate greatest reliability in predicting gestation-
al age and to estimate fetal weight“%2", This for-
mula consists of adding the head circumference
(HC) to the abdominal circumference (AC) and
subtracting the length of the femur (FL) from the
product obtained, for each gestational age [(HC
+ AC) - FL]. In the present paper, we again eval-
uated the tool based on the curved regression
models (cubic model), with distribution of the
data to demonstrate the non-linear behaviour of
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fetal growth evidenced by the heteroscedasticity
of the variances for each class interval, correlat-
ing the index with gestational age and estimat-
ed fetal weight, in addition to obtaining the CAF
value, which, compared to the known weight in
a group of newborns, better fits the extreme val-
ues of the proposed tool.

StuDpY DESIGN. MATERIAL, PATIENTS AND METH-
oDs

We studied 1 032 cases of patients with a simple
pregnancy, without risk discrimination, using a
mixed, prospective and cross-sectional model,
acceptingthe heterogeneity of obstetric patients,
but without comorbidities of known impact, on
fetal growth and when they were present, they
were discarded (20 cases due to preeclampsia,
arterial hypertension, malnutrition and diabe-
tes); in all patients it was established as require-
ments the date of the last known menstruation
with precision and an early ultrasound study be-
tween 5 and 10 weeks of gestation. The study
was carried out in the Perinatal Diagnostic Unit
of the Valencia Polyclinic Center. Venezuela, be-
tween January 10, 2015 and July 28, 2017. Fetal
biometric studies were performed from 12 to 38
weeks, with intervals of 3, 4 and 5 weeks. A mini-
mum of two evaluations were performed during
pregnancy, given that the objective of the study
was to establish reference ranges, rather than
normal values. The parameters studied were
head circumference (HC), abdominal circumfer-
ence (AC) and femur length (FL), which were in-
tegrated into the formula CAF = [(HC + AC) - FL].
The anatomical planes for fetal biometry on ul-
trasound used were: the cranial circumference
in the transtalamic axial plane with inclination
to the posterior fossa, the abdominal circumfer-
ence in the axial plane of the abdomen at level of
gastric chamber, portal sinus and spine, and the
diaphyseal major femoral length on the longitu-
dinal axis, excluding epiphysis (Figure 1).

For each class interval, the formula calculated
the Z score and its extremes (0 + 1.65), using
the formula: Z score = Current CAF value - Ex-
pected CAF value for age, divided by the stan-
dard deviation for the expected value. In 256
cases followed until delivery, with CAF obtained
2-3 weeks before delivery, the CAF limits were
established in three groups: a) those with a CAF
value less than 50, b) those with a CAF value be-
tween 50 and 57, and c) those with CAF value
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FIGURE 1. THE ANATOMICAL PLANES FOR ULTRASOUND FETAL BIOMETRY USED WERE: A. THE CRANIAL CIRCUMFERENCE IN THE TRANSTHALAMIC AXIAL PLANE WITH
INCLINATION TO THE POSTERIOR FOSSA, B. THE ABDOMINAL CIRCUMFERENCE IN THE ABDOMEN AXIAL PLANE AT THE LEVEL OF THE GASTRIC CHAMBER, PORTAL
SINUS AND SPINE, AND C. THE GREATER DIAPHYSIS OF THE FEMORAL AXIS, EXCLUDING THE EPIPHYSIS.

equal to or greater to 58, calculating the values
of central tendency and weight in each group.
The data obtained were subjected to statistical
study by the SPSS 8.0 program, and the DeVore
calculator®? that provides the percentage of
subjects in the control group who are below or
above the predefined percentiles of fetal weight
in the study group or vice versa. The results ob-
tained are presented in special purpose tables
and graphics.

REsuLTs

The distribution of the data did not fit the nor-
mal Gaussian curve, since the one obtained is
asymmetric with bias, kurtosis, QQ graphs and
statistically different variances, the ANOVA test
revealed high values of F in the data distribu-
tions, with a meaning of <0.005. Using the least
squares method, the cubic type curve correla-
tion model was applied and the calculations for
each class interval were made using the Z score
(Z score = expected CAF - observed CAF / stan-
dard deviation). Limits of 0 + 1.65 were adopted.

The observed data curve and the cubic model of
the CAF index according to the weeks of gesta-
tion (R2=0.96 p <0.005) are shown in Figure 2.

The CAF index for each gestational age (12-39
weeks) according to the gestational age in weeks,
according to the Z score and according to the
condition of adequate for gestational age (AGA),
small (SGA) and large (LGA) is shown in Figure 3.

The fetal weight curve calculated according to
Hadlock’s formula was compared with the CAF

FiGURE 2. FETAL CAF INDEX SCATTER PLOT CALCULATED FROM THE
CASES STUDIED IN 2-WEEK INTERVALS, FROM 12 TO 38 WeEKS. CURVE
ESTIMATION WITH THE R SQUARED cuBIc MODEL = 0.966, p <0.005,
SKEWNESS = -0.259, kurTosIs = -0.898, ANova = 1051.2 sic
0.000, LEVENE'S TEST (HOMOGENEITY OF VARIANCES) = 4.054 sic
0.000.
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values distributed at 2-week intervals from 12
to 38 weeks, obtaining Rz = 0.97 p <0.005 and is
shown in Figure 4.

In 256 cases followed up to delivery, with CAF
obtained 2-3 weeks before delivery, CAF was
established in those with values below 50 (CAF
<50, Group 1), those located between 50 and
57 (CAF 50 - 57, Group 2), and those equal to or
greater than 58 (CAF =58, Group 3), calculating
the central tendency and weight values of the
newborns in each group. The differences be-
tween the mean and standard deviation values
were demonstrated to be statistically significant,
with the student test, t = 6,445 p <0.05 and 2-3 t
= 5,925 p <0.05, between groups 1 and 3, and 2
and 3 (Figure 5).
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FiGURE 3. CAF INDEX VALUES TABLE ACCORDING TO GESTATIONAL AGE
IN WEEKS EXPRESSED IN Z-SCORE O # 1.65. AGA: ADEQUATE FOR
GESTATIONAL AGE, SGA: SMALL FOR GESTATIONAL AGE, AND LGA:
LARGE FOR GESTATIONAL AGE.

Weeks SGA AGA LGA
Z-score <1.65 Score | 1.65 Score | >1.65 Score
12 10 13 16

13 1l 15 19
14 12 17 22
15 17 20 23
16 19 2 25
17 21 24 27
18 2 26 30
19 24 28 32
20 27 30 33
2l 28 32 36
2 29 34 39
23 3l 36 41
24 33 38 43
25 35 40 45
26 38 42 46
27 39 44 49
28 41 46 51
29 32 48 54
30 43 49 55
E] 46 51 56
32 47 53 59
33 48 54 60
34 50 56 62
35 51 57 63
36 52 58 64
37 53 59 65
38 54 60 66
39 56 62 68

The percentage of cases located outside of ex-
treme values between the study group and the
control group, calculated with the De Vore test,
revealed that 1% and 22% of the values were
below -1.65 z score or above 1.65 z score of the
control group, thus demonstrating the statistical
importance of the relationship between CAF val-
ues > 58 and the weight of the newborn of 3 361
1484 g.

DiscussioN

No evidence has been presented to date to sug-
gest that Intergrowth 21 improves the identifica-
tion of fetuses with an increased risk of adverse
outcomes and that published predictive formu-
las offer absolute certainty. Romero and Tarca?
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FIGURE 4. FETAL WEIGH SCATTER PLOT ACCORDING TO THE CAF INDEX.
R SQUARE REGRESSION MODEL CUBIC CURVE = O, 97, » <0.005,
SKEWNESS = 0.770, kurTosIs = -0.401, ANovA F = 636.96 sic
0.000, HOMOGENEITY OF VARIANCES LEVENE STATISTICAL TEST =
31.607 sic. 0.000.
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FIGURE 5. WEIGHT DISTRIBUTION OF 256 NEWBORNS (MEDIAN + SD)
GROUPED ACCORDING TO CAF INDEX VALUES <50, 50-70, AND
258. STATISTICALLY SIGNIFICANT DIFFERENCES WERE OBSERVED WITH
THE STUDENT'S T TEST (GOSSET) BETWEEN GROUPS 1 AND 3 (-6.445
P <0.005), AND 2 AND 3 (-5.925 P <0.005). THe De VORE TEST
REVEALED THAT ONLY 1% AND 22% OF GROUP 3 WEIGHTS COINCIDED
WITH GROUP 2 UPPER LIMIT VALUES (P95).
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Student test

present six graphs that summarize the growth
curves of the different papers contained in the
volume of the mentioned journal. In these we
can see how the estimation of fetal weight pres-
ents a non-linear trend with a very narrow ini-
tial part that shows the low dispersion of values
around the average between 18-28 weeks. From
that moment we can observe an opening in the
range of these curves, which means that the dis-
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persion of the values around the median begins
to be much wider. This same behaviour can be
observed in the CAF index.

It should be absolutely clear that it is one thing
to classify a fetus according to position percen-
tiles, using linear regression curves, which as-
sume that fetal growth is uniform, and another
thing to use cubic or quadratic model regression
curves, to locate it by means of conditioned
percentiles, in Z score or in quantiles, adjusting
to the quantile regression23, in which the ob-
jective is to minimize a sum of absolute errors
weighted with asymmetric weights, allowing to
make inferences about conditional functions,
characterized by heteroscedasticity of the vari-
ance of the parameters, in the different class in-
tervals. The concept of universal standard® has
also been questioned from the perspective of
the origins of fetal development and adaptation,
because many biological and cultural factors can
influence (covariates) fetal growth, which should
not be seen as abnormal, but with non-uniform
behaviour. Achieving consensus on which stan-
dard or tool is most appropriate for clinical use,
requires assessment of predictive performance
with respect to clinically relevant outcomes. In
their paper Bhatti et.al® offer a spreadsheet
and the corresponding software package to cov-
er 6 fetal growth standards, in order to stimulate
research on their reproducibility and diagnostic
efficiency. Our goal is the same, but through the
CAF index.

What is clear is that the optimal parameters in
the estimation of fetal weight are: head circum-
ference, abdominal circumference and femur
length®5) and that the alternative of using cus-
tomized fetal weight standards and percen-
tiles to maternal characteristics, it could lead
to stronger associations with adverse perinatal
outcomes®?9. It should not be forgotten that, de-
spite the controversy, the cohort enrolled in the
Intergrowth-21st standards remained healthy,
with adequate growth and motor development
up to 2 years of age, which would support, ac-
cording to the authors, their suitability for the
construction of international standards for
premature fetal growth and postnatal develop-
ment©?,

The studies published in the AJOG allow us to
infer that tables based on "classical" percentiles
with curves adjusted to the Gaussian norm, and

with pretensions of universal acceptance will
become part of history, and that for greater di-
agnostic accuracy of fetal growth and its devia-
tions, we must try to devise new tools that facili-
tate the work of the fetal clinician.

CONCLUSIONS

Having a method that evaluates the potential
for fetal growth is an unmet need in our disci-
pline, and imposes the need for an individual-
ized assessment of growth, through integrated
multi-parameters. The CAF index is a method
that establishes criteria for a set of anatomical
parameters, incorporated into a practical for-
mula, which allows, through serial evaluations,
to determine the expected individual growth
potential (each individual is his own control)
and potentially identify the growth pathology as
deviations from these criteria. The deviation of
the distance between the current value and the
expected value, allows locating in a first approx-
imation if the multi-parametric biometry, devi-
ates or not from the expected, for the time in
which the study is carried out, and in successive
measurements will allow to know the behaviour
of these integrated parameters as a function of
time (speed of CAF index).

The biggest advantage of CAF index is that it
avoids the fetal weight prediction or calculation
based on the equations most frequently used for
this purpose and whose margins of error vary,
this means, it replaces “weight estimation” by
“growth types” in : adequate (AGA), small (SGA)
or large (LGA) for each gestational age, terms
thatin addition, are much more understandable
for the patient, and which permits to reduce the
anxiety generated by the report of location in
percentiles or weight expressed in grams.

The diagnostic capability of the tool in a single
moment of pregnancy would not have the ex-
pected diagnostic sensitivity for growth devia-
tions, therefore, we recommend obtaining two
separate indices, for an interval of "n" weeks, to
calculate fetal growth rate. In addition to having
a more precise gestational age, it is essential to
know the parents' history (birth weight), ma-
ternal weight gain, risk factors, etc., in order to
monitor CAF in 3 or 4 weeks, and at 37 or more,
to establish its values and correlate them with
the weight of the newborns. The diagnostic ca-
pacity for growth deviations (SGA and LGA), will
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be the reason for the next communication, since
the data accumulated so far, allow us to formu-
late the hypothesis that the CAF index could be
useful for an adequate management of cases
with growth deviations, through the use of com-
plementary methods such as the relationship
between cerebellum/abdominal ellipses, and
fetal-placental hemodynamic profile by Doppler
flow measurements.

Itis expected that the proposed tool will facilitate
reproducible research in the field of fetal growth
assessment, and allow a rapid assessment of the
adequacy or otherwise of the fetal growth curve,
including the calculation of fetal growth velocity
as a function of CAF index, when more than two
assessments have been performed in a period
of time, as proposed, using other criteria, Grantz
et al.?®,
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