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A B S T R A C T

Despite the fact that labor depends on too many interacting factors and no parameter can fully predict its
outcome, fetal cerebral Doppler has emerged as the most reliable tool for prediction, in contrast with fetal
weight, which performs significantly worse in the last weeks of pregnancy. The importance of the cerebral
Doppler follows the inverse pathway of fetal weight increasing its performance in the last weeks of pregnancy
and reaching its highest ability prior to labor. A combination of cerebral flow, fetal weight, and selected clinical
information may obtain moderate predictions of labor outcome, provided the interval to labor is not long.

Introduction; the drawbacks of fetal weight

Fetal wellbeing surveillance at term, aims to rule out late-onset
nutritional dysfunction as it exerts a subtle but important influence on
fetal neurogenesis [1]. Ultrasound is the gold standard for its detection.
However, until recently, it was simply used as a biometric instrument
with the aim of detecting fetal growth below the 10th centile in the
belief that fetal smallness included most nutritional disorders. However,
during the last weeks of pregnancy, the association of fetal size with
normal nutrition has been found to be poor for several reasons. On the
one hand, half of fetuses growing below the 10th centile and classified as
small for gestational age (SGA) are simply genetically small, and on the
other, some of the fetuses growing over the 10th centile and classified as
appropriate for gestational age (AGA) present abnormal nutrition and
are at risk of intrapartum fetal compromise (IFC) or even stillbirth.
Moreover, there is still no consensus regarding which are the best fetal
references, thus making the choice of the 10th centile an arbitrary de-
cision that also influences the sensitivity and specificity of ultrasound for
the prediction of IFC. Finally, the efficacy of fetal biometry for the
prediction of IFC is inversely proportional to gestational age (GA) and
decreases significantly after week 34. A clear example of this is stillbirth,
which at this period occurs more frequently in appropriate for gesta-
tional age fetuses (AGA), while in earlier weeks it is more frequent in

fetuses that are small [2–5].

The proposal of a new hemodynamic model

These diagnostic shortcomings prompted us to propose another
diagnostic model based on fetal hemodynamics using the middle cere-
bral artery Doppler and its ratio to the umbilical Doppler, the cere-
broplacental ratio (CPR). A model that focused on those fetuses with
normal weight and abnormal CPR that were not considered at risk in the
classical weight model [6,7] (Fig. 1). In summary, the hemodynamic
model takes advantage of the physiological cerebral vasodilation and
the consequent decrease in impedance that occurs during late-onset
growth restriction, regardless of fetal weight, and therefore is able to
explain why some AGA fetuses at the end of pregnancy end up with
adverse outcomes or even die.

The hemodynamic versus the weight model

Considering both models, we might wonder which one provides
mode information for the prediction of intrapartum compromise. To
elucidate this question, several strategies may be undertaken. The first is
to compare the risk among groups using a simple scheme. If we plot CPR
in multiples of the median (MoM) against estimated fetal weight (EFW)
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in centiles (Fig. 1), we will be able to represent all cases with different
GA. In this scheme, two perpendicular lines crossing the EFW 10th
centile and the CPR 0.6765 MoM (a figure equivalent to the 5 %
percentile) define four groups, with the most interesting being that in
which only the EFW centile is abnormal and that in which only the CPR
MoM is abnormal (Fig. 1, arrows). In several works, we compared the
risk of IFC or adverse perinatal outcome (APO) in both groups, observing
that it was worse to present an abnormal CPR MoM than to present an
abnormal EFW, thus indicating that hemodynamics was a more impor-
tant determinant than weight for the prediction of IFC [8–10].

We may also approach this comparison by means of logistic regres-
sion. Univariable logistic regression, allows us to compare every de-
terminantś efficacy by means of its area under the curve (AUC), odds
ratio (OR), and P-value. In one study, we compared the three different
ways to calculate the EFW centile (population, Intergrowth-21st, and
customized references) with the CPR MoM for the prediction of IFC. Our
results indicated that the efficacy of CPRMoM surpassed that of the EFW
centile, whatever the methods applied to calculate it [11].

The problem with univariable regression is that it does not adjust for
confounding determinants. However, it is possible to perform multi-
variable regression that adjusts for different plausible parameters,
comparing all the determinants in unison by means of their AUC, OR,
and P-value. We have performed several studies in which both de-
terminants, the EFW centile and the CPR MoM, were included and
studied in the last weeks of pregnancy. In one of them, we collected cases
in which stillbirth occurred within two weeks of examination to evaluate
determinants associated with stillbirth. Although the prediction model
was poor, it showed that the only significant determinant in the pre-
diction of stillbirth was CPR MoM and not EFW centile [12]. In another
work, we evaluated plausible determinants for the prediction of APO
and IFC one day before labor. The multivariable model showed that the
only significant parameters were the CPR MoM and the type of labor
onset (induction), but not the EFW centile [13]. Interestingly, the pre-
diction ability was notable, with an AUC close to 0.80, and did not differ
much from the ability obtained by CPR MoM alone, proving that the
interval examination-labor was crucial for the prediction of labor out-
comes. A third study investigated the determinants of APO over 34

weeks, but within two weeks of labor. As expected, due to the longer
interval, the AUCwas lower. However, the only significant determinants
were the CPR MoM, the type of labor onset (induction), and the parity,
but again not the EFW centile [14]. A fourth study investigated the
importance of determinants in the prediction of APO, but in this case
before 34 weeks. Only the EFW centile, CPR MoM, and GA, but not the
uterine Doppler or the type of labor onset, were significant, proving that
even in the early third trimester, when the importance of EFW is noto-
rious, CPR MoM keeps on being as important as the EFW centile in the
prediction of APO [15]. Finally, not only our group but also other re-
searchers have concluded that the importance of hemodynamics sur-
passes that of EFW. In two works performed by Triunfo et al [16], and
Rizzo et al [17], the authors concluded that CPR MoM was more
important than the EFW centile, which in both cases turned out to be not
significant for the prediction of APO in the last weeks of pregnancy.

An extension of the multivariable analysis is the contour and 3D
graph representation. The possibility of APO may be plotted as a 3D
graph, surface planes, or contour graphs in which the chosen APO (for
example, the neonatal pH) is represented according to the values of the
CPR MoM or growth centile, forming a graph that resembles a tilted
surface plane, an isoline (contour) graph, or even a 3D representation.
Using this methodology, our results showed how the pH isolines
changed more intensely using the CPR axis, how the pH plane was tilted
in the direction of pH, or how the depth of the 3D figure was higher
where CPR values were lower, proving again that CPR MoM was more
important than fetal weight in the explanation of the neonatal pH [18].

Expectancies with the hemodynamic approach

All the above-mentioned studies indicate that in the last weeks of
pregnancy, CPR MoM is more important than fetal weight for the pre-
diction of APO and IFC and underline its crucial importance as a tool to
evaluate fetal wellbeing. Of note, this assertion has been recently vali-
dated by a clinical trial proving the importance of CPR in the reduction
of perinatal morbidity [19].

Despite CPR being the best known determinant for IFC/APO, its
prediction ability remains poor. However, its prediction ability might be
increased with the addition of other clinical parameters. Unfortunately,
so far, the results of the prediction models published by other groups
have been poor, with AUC values close to 0.60. And although those
published by us perform slightly better, their ability to predict APO/IFC
still remains within the moderate range, probably because all the pre-
diction determinants, especially those related to fetal hemodynamics,
are strongly dependent on the proximity to the actual date of labor [20].

Conclusion

We might conclude by saying that fetal surveillance at the end of
pregnancy should be approached by means of Doppler ultrasound and
CPR, although fetal biometry with EFW calculation, and other clinical
parameters should also be considered.
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Fig. 1. Hemodynamic model plot. Arrows indicate fetuses with normal EFW
and abnormal CPR MoM.
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