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Abstract

Introduction—We sought to determine if early placental size, as measured by 3-dimensional
ultrasonography, is associated with an increased risk of delivering a macrosomic or large-for-
gestational age (LGA) infant.

Methods—We prospectively collected 3-dimensional ultrasound volume sets of singleton
pregnancies at 11-14 weeks and 18-24 weeks. Birth weights were collected from the medical
records. After delivery, the ultrasound volume set were used to measure the placental volume (PV)
and placental quotient (PQ=PV/gestational age), as well as the mean placental and chorionic
diameters (MPD and MCD, respectively). Placental measures were analyzed as predictors of
macrosomia (birth weight 4000 grams) and LGA (birth weight 90t percentile).

Results—The 578 pregnancies with first trimester volumes included 44 (7.6%) macrosomic and
43 (7.4%) LGA infants. 373 subjects also had second trimester volumes available. A higher PV
and PQ were both significantly associated with macrosomia and LGA in both the first and second
trimesters. Second trimester MPD was significantly associated with both outcomes as well, while
second trimester MCD was only associated with LGA. The above associations remained
significant after adjusting for maternal demographic variables such as race, ethnicity, age and
diabetes. Adjusted models yielded moderate prediction of macrosomia and LGA (AUC: 0.71-
0.77).

Conclusions—Sonographic measurement of the early placenta can identify pregnancies at
greater risk of macrosomia and LGA. Macrosomia and LGA are already determined in part by
early placental growth and development.
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Introduction

Methods

Macrosomia is associated with an increased risk of adverse short- and long-term neonatal
outcomes including brachial plexus injury and other birth trauma which can result in long
term disability.[1-7] In addition, macrosomia has been associated with longer term
morbidities secondary to fetal programming, such as childhood obesity and adult
cardiovascular and metabolic disorders.[8-12] Delivery of a macrosomic infant is associated
with several maternal risks as well, including cesarean delivery and perineal trauma with
potential for long term pelvic dysfunction. [1-3, 5, 13]

Many of the known risk factors for macrosomia, especially some of the potentially
modifiable variables, such as maternal weight gain in pregnancy, development of gestational
diabetes and post-term delivery, are not knowable until late in gestation. Therefore, there are
currently no effective early prediction models to identify pregnancies at greatest risk for
delivering a macrosomic infant.

Placental size at delivery has been shown to correlate with neonatal birth weight. [15, 16] In
fact, a small placenta at delivery can indicate that placental insufficiency played a role in
limiting the growth potential of that fetus.[14, 17, 18] This association has led investigators
to explore whether prenatal ultrasonography can be used to detect a small placenta during
pregnancy, thereby identifying pregnancies at risk for developing fetal growth restriction.
Both 2- and 3-dimensional sonographic measurements of placental size have been associated
with subsequent delivery of a small-for-gestational-age (SGA) infant. [19-26]

While these research efforts have focused almost exclusively on indentifying pregnancies at
risk for fetal growth restriction, little attention has been placed on whether assessment of in-
utero placental size can be helpful in predicting macrosomia.

We sought to determine if early placental size, as measured by 3-dimensional ultrasound, is
associated with the delivery of a macrosomic infant.

For this study, we utilized a research database from a prospective cohort study conducted at
the Hospital of the University of Pennsylvania for which 3-dimensional sonographic
measures of early placental size were performed to identify pregnancies at increased risk of
adverse outcomes.[27] In that study, conducted between May 2010 and March 2012, women
with singleton pregnancies electing to undergo a nuchal translucency exam at 11-13 6/7
weeks’ gestation were recruited and informed consent obtained. All gestational dating was
confirmed by first trimester ultrasound. In cases of unknown LMP or where first trimester
sonographic gestational dating differed from LMP dating by >6 days, the ultrasound-based
dates were used.

A transabdominal 3-dimensional sweep of the placenta was obtained during that exam (GE
Voluson E8 machines, GE Healthcare, Milwaukee, WI) and stored offline for analysis.
Subjects also consented to having another placental volume set obtained at the time of their
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anatomic survey (18-24 weeks’ gestation). Pregnancies were allowed to proceed per routine
clinical management without study-mandated intervention. Any additional ultrasound
examinations or other surveillance was conducted at the discretion of the clinician following
routine clinical practice. Pregnancy outcomes were collected via individual chart review. Of
note, standard practice in our institution does not include macrosomia or a large estimated
fetal weight as an indication for a scheduled delivery.

Placental volume sets were analyzed offline using 4DVIEW software (GE Healthcare, Zipf,
Austria) by investigators blinded to pregnancy outcomes using previously described
techniques.[24] Briefly, placental volume (PV) was measured with the Virtual Organ
Computer-Aided analysis (VOCAL) application using a 30°angle of rotation. The placental
quotient (PQ) was then calculated to normalize the PV to gestational age (PQ=PV/GA in
days). We chose to use gestational age rather than crown-rump length so that comparisons
could be made between first and second trimester values. In addition, we also calculated a
mean placental diameter (MPD) as the average of four traced distances measured along the
maternal surface of the placenta at 45°intervals. Similarly, we obtained a mean chorionic
diameter (MCD) by employing the same approach to the fetal surface of the placenta.
(Figure 1)

To demonstrate the reliability of these measurement techniques, two investigators (NS, HQ)
performed duplicate measurements for 25 second trimester placental volume sets. Bland-
Altman [28] and concordance correlation coefficients were computed for PV, MPD and
MCD. Correlations were high for volume (0.82) and MPD (0.75), and moderate for MCD
(0.59). There were no systematic differences in measurements between the two
investigators.

In this investigation, we queried the study database for all singleton gestations for which
first trimester placental volume measurements and delivery outcome data were available. In
the original study, subjects were excluded from the second trimester analysis if no second
trimester volume set was saved, the entire placenta was not included in the volume sweep, or
if there was significant shadowing by the fetus that obscured the placental margins. If there
was a question as to whether a second trimester volume set was of sufficient quality, two
investigators (N.S. and H.S.Q.) reviewed the volume together and reached a consensus as to
whether to exclude that volume.

The primary outcome for this study was delivery of a macrosomic infant, defined as birth
weight 24000 grams. As an earlier gestational age at delivery may limit the incidence of
macrosomia, we also analyzed large-for-gestational-age (LGA), defined as birth weight
>90™ percentile for gestational age[29], as a secondary outcome.

Using the observed 7.6% (44/578) prevalence of macrosomia and the 578 subjects with first
trimester placental data available in the database, we performed a post-hoc power
calculation using the powerlog function in Stata (Stata version 12.1, College Station, TX)
and found that the available sample size achieves an 80% power to detect an odds ration of
1.5 for a 1 Standard Deviation increase in placental volume, with an alpha of 0.05. The
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second trimester analyses, which had 373 subjects available, had 80% power to detect an
odds ratio of 1.6.

Parametric and non-parametric tests were used as appropriate. Demographic variables such
as maternal age, nulliparity, race, body-mass index (BMI) and presence of pre-gestational
diabetes were analyzed as potential confounders. Backward elimination multivariable
regression was used to determine the covariates that remained significant in each prediction
model. Receiver operator characteristic curve (ROC) analysis yielded an area under the
curve (AUC) as a metric of the predictive ability of univariable and multivariable models for
those placental measures that demonstrated a trend towards a significant association with the
outcome of interest (i.e. P<0.1). The predicted probability from the multivariable logistic
models were used as the input variable into the ROCCOMP procedure in Stata to evaluate
and test the ability of each multivariable model to discriminate between macrosomic vs
nonmacrosomic infants.[30] This study was approved by the Institutional Review Board of
the University of Pennsylvania (Protocol #811129).

A first trimester placental volume set was obtained and analyzed for 578 subjects at a mean
(SD) gestational age of 12.6 (0.5) weeks. Two additional first trimester volume sets were
excluded due to a bi-lobed placental mass not allowing for clear measurements of the
placenta. Forty-four (7.6%) subjects delivered a macrosomic infant. Interestingly, as the 90t
percentile at 40 completed weeks or later ranges from 4060g to 4098g, there were 7
macrosomic infants that were not actually LGA. Demographic data can be seen in Table 1.
The median maternal BMI at the time of first prenatal visit was significantly higher in
pregnancies delivering a macrosomic infant (26.4 vs 24.6 kg/m?; P=0.01), while the
difference in median maternal age was not statistically significant (33 vs 32 years; P=0.09).
The median gestational age at delivery was greater in the macrosomic group (40.2 vs 39.2
weeks; P<0.001) as well.

First trimester PV (P=0.006) and PQ (P=0.002) were both significantly greater in
pregnancies that subsequently delivered macrosomic infants. (Table 2) In addition, there was
a trend towards a larger MPD in the macrosomic group (P=0.06). ROC curve analysis
demonstrated that both PV (AUC=0.625) and PQ (AUC=0.6396) had moderate predictive
value in identifying pregnancies destined to deliver a macrosomic infant, although the AUC
for PQ was significantly greater (P=0.048). (Table 2) Potential confounders were considered
using a backwards elimination strategy which yielded a multivariable model including
maternal BMI, nulliparity, and pregestational diabetes as the significant covariates.
Although the AUCs for the adjusted model were not significantly higher than the AUC for a
model using only clinical risk factors, PV, PQ and MPD each retained their statistically
significant association with the outcome in adjusted analyses demonstrating that there
remains a significant association between these early placental measures and macrosomia.
(Table 2) No significant difference in AUC was seen when comparing the different
multivariable models (P=0.4). The ROC curve for PQ can be seen in Figure 2.

Placenta. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Schwartz et al.

Page 5

Forty-three pregnancies (7.4%) delivered LGA fetuses, 37 of which were also macrosomic.
First trimester PV (P=0.002) and PQ (P=0.003) were both significantly larger in pregnancies
destined to deliver LGA infants. Once again, PQ (AUC=0.667) was significantly more
predictive than PV (AUC=0.644; P<0.002) on univariate ROC analysis. (Table 3) In
addition, a larger MPD was also significantly associated with the delivery of an LGA infant
(P=0.008) and demonstrated a moderate ability (AUC-0.635) to predict LGA that was
similar to that of PQ (P=0.25). (Table 3) Multivariable regression analysis demonstrated that
maternal age, BMI, nulliparity and pregestational diabetes were all significant risk factors
for macrosomia. Once again, the AUCs for the adjusted model were not significantly higher
than the AUC for a model using only clinical risk factors; however, PV, PQ and MPD each
retained their statistically significant association with the outcome. (Table 3) No significant
difference in AUC was seen when comparing the different multivariable models (P=0.24).
The ROC curve for PQ can be seen in Figure 2.

Of the 578 subjects included in the first trimester analysis, 114 (19.7%) did not have second
trimester volume sets stored at the time of the anatomic survey. An additional 63 (10.9%)
were deemed inadequate for measurement and 28 (4.7%) were not attempted in the original
second trimester study as the sample size for that study was attained, leaving 373 (64.5%)
subjects with both first and second trimester placental volume data available for analysis.
These ultrasounds were obtained at a mean gestational age of 20.4 (0.6) weeks. Second
trimester PV (PV2), PQ (PQ2), and MPD (MPD2) were all significantly larger both in
pregnancies that delivered macrosomic infants, as well as in those that delivered LGA
infants, compared to pregnancies that resulted in normally grown infants. (Tables 4 and 5) In
addition, there was a trend towards a larger second trimester MCD (MCD2) in pregnancies
with macrosomia (P=0.08) and a significantly larger MCD2 with LGA deliveries (P=0.01).
Unadjusted AUCs remained moderate for the prediction of macrosomia and LGA. (Tables 4
and 5) Comparison of the unadjusted AUCs revealed no significant differences among the
various placental measures. A multivariable model including MPD2, pregestational diabetes
and nulliparity yielded the highest adjusted AUC (0.772) for the prediction of macrosomia.
(Figure 3) For LGA, a model including PQ2, maternal age, nulliparity and pregestational
diabetes yielded the highest adjusted AUC (0.774) for predicting LGA. (Figure 3) While the
placental measures retained their significant association with macrosomia and LGA after
adjusting for the clinical risk factors, there was no statistically significant improvement in
the AUC. Overall, the adjusted AUCs for the second trimester models were not significantly
higher than the first trimester models (P>0.1).

Finally, the per week rate of change for PV and PQ from first to second trimester yielded
similar results to the second trimester values alone with no added predictive ability for either
outcome of interest. (data not shown)

Discussion

Our study demonstrates that early placental size is a significant marker of fetal growth
potential. While much of the literature investigating the potential significance of early
placental size has concentrated on identifying patients at risk for fetal growth restriction, our
results indicate that a large first trimester placenta is a risk factor for macrosomia and LGA.
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Macrosomia and LGA have been associated with several adverse maternal, neonatal and
adult-onset outcomes.[1-7, 9, 13, 31] Macrosomia is most commonly defined as a birth
weight of either 4,000 or 4,500 grams. [32] We chose to use a birth weight of 4000 grams
as this weight remains a significant risk factor for adverse outcomes compared with the
general population and represents approximately 10% of all births in the United States.[32]
In addition, while the risk for maternal and early neonatal morbidities is even greater at
weights 4,500 grams, much of the data for longer term morbidities related to fetal
programming of adult disease has used 4,000 grams to define large birth weights. [8, 9, 11,
12, 33]

Accurate prediction of macrosomia and LGA would allow for improved patient counseling
regarding pregnancy risks. More importantly, there may be nutritional and behavioral
modifications that can be implemented in order to reduce the risk of these outcomes. For
example, gestational weight gain and carbohydrate intake are potentially modifiable risk
factors for the development of LGA.[34-36] Furthermore, regular exercise in pregnancy has
been linked to decreased odds of delivering an LGA infant.[37] Unfortunately, early
randomized trials of interventions to limit maternal weight gain and improve perinatal
outcomes have not been successful.[38] Thus it remains unclear whether behavioral
interventions to modify maternal risk factors can ultimately improve outcomes.

Currently there are no early prediction models that reliably detect pregnancies destined to
develop macrosomia or LGA. Poon et al.[39] published a retrospective cohort of greater
than 30,000 pregnancies which showed that nuchal translucency measurement and first
trimester PAPP-A and beta-HCG are associated with macrosomia. However, a multivariable
model which included these three factors as well as maternal variables yielded a modest
adjusted AUC of 0.727. Similarly, Plasencia et al.[40] added uterine artery Doppler
pulsatility index to a similar prediction model which yielded an adjusted AUC of 0.722. Our
adjusted model based on placental measures yielded similar AUCs and the clinical
prediction remains suboptimal. However, While it may be that the addition of other known
predictor variables or biomarkers can improve the ability to predict the development of
macrosomia and LGA, neither first trimester PAPP-a multiple of the median (macrosomia:
P=0.9; LGA: P=0.7) not uterine artery Doppler pulsatility index (macrosomia: P=0.2; LGA:
P=0.2) were significantly associated with these outcomes in our cohort (data not shown).

Interestingly, second trimester placental measurements were not significantly more
predictive of macrosomia or LGA compared to first trimester placental measurements. This
may have been due, in part, to the smaller sample size in the second trimester analyses. If
confirmed, this would further support the notion that it is the early, first trimester
trophoblastic invasion and placental development where the more critical scaffolding for
nutrient exchange is being formed. Hypothetically, a larger first trimester placenta may
allow for hyper-efficient nutrient transfer to the fetus that may persist even if the maternal
diet and weight gain are optimized. Consequently, it would appear that the development of
macrosomia is already partly pre-destined from an early stage in pregnancy.

Our second trimester analysis was potentially limited by the smaller sample size available
for analysis. However, given that most of the placental measures had statistically significant
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associations with our outcomes of interest, the effect of this limitation is less concerning.
However, it may be that mean MPD and MCD are indeed significantly associated with our
outcomes, but that we are underpowered to detect this association in our cohort. In fact,
several investigators have already demonstrated an association between 2-dimensional
placental diameters and SGA.[21, 23, 25, 26] Further investigation exploring the potential
associations between diameter measurements and macrosomia is warranted as these
measurements are simpler to perform and can be adapted to 2-dimensional ultrasound.

Another potential limitation in the second trimester cohort relates to the exclusion of 10% of
volumes due to poor quality sweeps. While many of these were likely related to fetal
shadowing, it remains possible that larger placentas were preferentially excluded due to a
difficulty including the entire placental mass into the 3D sweep. However, as the rates of
macrosomia and LGA were actually slightly lower (6.6%) among those subjects excluded
from the second trimester analysis, it is unlikely that a significant bias limited the
performance of the second trimester placental measurements in predicting macrosomia or
LGA. Furthermore, as the user can see if there are portions of the placenta that are missing
or too obscured to accurately trace, we are confident that those placental measurements
included were of reasonable quality.

Overall, despite the significant associations between placental measurements and
macrosomia and LGA, we are still left with a suboptimal tool for the early prediction of
these outcomes. However, an important conclusion we can draw from our results is that the
size of the early placenta is significantly associated with macrosomia and LGA. Therefore,
many of the clinical and genetic influences placing certain women at increased risk for
delivering a large infant may be acting through influence on the gross development of the
early placenta as early as the first trimester. The association between first trimester placental
size and fetal overgrowth underscores the fact that a significant portion of the etiologic
factors that lead to macrosomia have already taken root early in pregnancy, even before
modifiable risk factors, such as excessive weight gain and gestational diabetes, have become
relevant, possibly explaining the failure of clinical interventions targeting these risk factors.
Therefore, modifiable risk factors being targeted for interventions, such as weight gain and
glycemic control should be addressed in the context of early placental development. In
addition, as effective, early prediction of macrosomia would improve patient counseling and
allow for clinical trials studying interventions to target those pregnancies at greatest risk of
these outcomes, further research should focus on other potential predictors of these
outcomes so that a clinically reliable prediction model can be generated.
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Abbreviations

LGA Large for gestational age
MCD mean chorionic diameter
MPD mean placental diameter
PQ placental quotient (defined as: placental volume/gestational age in days)
PV placental volume
SGA small for gestational age
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Figure 1.
Display of a placental volume using 4ADVIEW. Quadrants A, B, and C correspond to the 3

orthogonal planes. Successive tracings in plane A are rendered using VOCAL into a 3-
dimensional placental volume depicted in the lower right quadrant (3D). The placenta
diameter (blue) and chorionic diameter (yellow) were measured in both A and B planes
before and after a 45° rotation around the y-axis.
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First trimester placental quotient in the prediction of macrosomia First trimester placental quotient in the prediction of LGA
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Figure 2.
ROC curves for first trimester placental quotient (PQ) as a predictor of macrosomia and

LGA. Vertical reference lines were placed to represent a false-positive rate of 5%, 10% and
20%. The corresponding sensitivity for the model can be seen by following the horizontal
reference line to the y-axis.

Placenta. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyny vd-HIN 1duosnue N Joyny vd-HIN

1duosnuel Joyiny vd-HIN

Schwartz et al.

1.00

0.80

0.60

Sensitivity
0.40

0.20

0.00

Page 14

Second trimester mean placental diameter in the prediction of macrosomia Second trimester placental quotient in the prediction of LGA

1.00
L

0.75
f

Sensitivity
0.50
L

0.25

0.00

T T T T T

0.75 1.00

T
0.75 1.00

0.50 0.50
1-Specificity 1-Specificity

Clinical risk factors (AUC: 0.708) Mean placental diameter (AUC: 0.687) —— Clinical risk factors (AUC: 0.707) Placenta quotient (AUC: 0.697)

Mean placental diameter + risk factors (AUC: 0.775)

Placental quotient + risk factors (AUC: 0.775)

Figure 3.
ROC curves for second trimester placental quotient as a predictor of macrosomia and second

trimester mean placental diameter (MPD) as a predictor of LGA. Vertical reference lines
were placed to represent a false-positive rate of 5%, 10% and 20%. The corresponding
sensitivity for the model can be seen by following the horizontal reference line to the y-axis.
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Maternal Characteristics

Table 1

AGA (N=534) | Macrosomia (N=44) | P-value
Age in years, median (IQR) 32 (27-35) 33 (29.5-35) 0.09"
BMI, median (IQR) 24.6 (22-30.8) 26.4 (23.4-34.7) 0.01°
Black race, N (%) 219 (41) 15 (34) 0.37"
Nulliparity, N (%) 106 (19.9) 2 (4.6) 0.0088
Pregestational diabetes, N (%) 11(2.1) 3(6.8) 0.088
Gestational Diabetes, N (%) 24 (4.6%) 2 (4.9%) 1.0
Pregestational or gestational diabetes), N (%) 35 (6.6%) 5 (11.4%) 0.2

*

Wilcoxon rank sum;
A -

Chi-square;

§Fisher’s exact
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