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ABSTRACT

Measurement of the placental volume during pregnancy can 
occasionally predict adverse outcomes, including ischemic and 
restricted conditions in the fetus and placenta later in pregnancy. 
Three-dimensional (3D) sonographic evaluation of the placental 
volume during the first trimester is a simple and rapid procedure 
that is commonly applied, but its use during the second trimester 
seems to be limited. The placental volume can be obtained 
within 5 minutes as part of daily clinical practice. Combining 
screening with the placental volume and other markers can 
increase the rate of detection of fetal and placental anomalies. 
In this article, we review the prediction of adverse maternal 
and fetal outcomes later in pregnancy using 3D sonographic 
measurement of the placental volume.
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Introduction 

Adversely affected placental growth affects the fetal 
growth. Fetal growth restriction is a result of inadequate 
placental development in many cases. However, the 
placental weight is usually not decreased in restricted 
fetuses due to major fetal morphological abnormalities. 
On the other hand, the neonatal birth weights are likely 
to be low when there are maternal, uterine, placental or 
umbilical cord abnormalities concomitant with a low 
placental weight.1

It is considered that the fetal growth is strongly depen- 
dent on the placental development or function. Placental 
abnormalities, such as placental abruption, hematoma, a 
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lobed placenta, etc. usually reduce the placental weight 
due to atrophic or ischemic changes, although some 
complications related to neoplasms, such as chorio
angioma, may increase the weight of the placenta.1

When there are no obvious abnormalities in the fetus 
or placenta, placental dysfunction due to unknown or some 
multifactorial adverse factors, such as that affecting the 
uteroplacental perfusion from early gestation, should be 
suspected. Maternal genetic, anatomical, physiological or 
lifestyle factors, such as a low maternal body mass index, 
weight loss during pregnancy, alcohol consumption and 
pre-eclampsia, might have adverse effects on the fetal and 
placental development. Similar to growth-restricted fetuses 
complicated with placental structural abnormalities, the 
placental weight is likely to be low even in the absence 
of placental structural abnormalities in growth-restricted 
fetuses,1 because fetal growth restriction is usually caused 
by inadequate placental development and placental 
growth from early gestation, rather than a functional 
disorder of the placenta.

Therefore, measurement of the placental volume 
during pregnancy may occasionally be able to predict 
adverse outcomes, including ischemic and restricted 
conditions, in the fetus and placenta later in pregnancy. 
In this article, we review the prediction of adverse 
maternal and fetal outcomes later in pregnancy using 
three-dimensional (3D) sonographic measurement of the 
placental volume.

Measurement of the Placental Volume

Several 3D ultrasound methods available in daily clinical 
practice have been reported, including virtual organ 
computer-aided analysis (VOCAL) and extended imaging 
virtual organ computer-aided analysis (XI VOCAL).2-5 
Volume measurements using 3D ultrasound methods are 
much more accurate than those using two-dimensional 
(2D) ultrasound for both regularly- and irregularly-
shaped objects.6,7

The 3D volume of the placenta was measured by 
transabdominal ultrasonography based on the example 
described in previous reports.8,9 The sweep angle was set 
at 85°, and it was directed perpendicular to the placental 
plate. The VOCAL technique was then used to obtain 
a sequence of six sections of the placenta, each after a 
30° rotation from the previous section. In each of the six 
planes, the contour of the placenta was drawn by manual 
tracing, taking care to exclude the uterine wall, which 
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at this point of gestation is usually thickened under the 
placenta, either because of hypertrophy or contraction. 
The software program calculates the volume from the 
areas highlighted in each of the six planes, and when the 
calcu­lation was finished, the computed reconstruction of 
the scan was performed (Fig. 1).

Usually, volume assessments are performed after 
11 weeks of gestation as a first-trimester ultrasound 
screening, because the chorionic villous trophoblasts 
becomes distinguishable from smooth chorions at this 
stage. On the other hand, there have been some reports 
that assessed the placental volume before 10 weeks 
of gestation.10,11 It was also reported that pregnancies  
ending in miscarriage had a smaller trophoblast volume at 
6 to 12 weeks of gestation as well as reduced trophoblast 
growth compared with those that result in live birth.11 
However, it is thought that the usability of placental 
assessment before 10 weeks of gestation in the daily clini-
cal setting is limited.

Relationship between the Placental 
Volume in the First Trimester and 
Perinatal Outcomes

Although there is some variability in placental volume 
measurement and a relatively wide standard deviation, 
the placental volume can be assessed by 3D ultrasound 
at 11 to 13 weeks of gestation with minimal deviations12 
compared with that assessed later in pregnancy. Thus, 
many studies mentioned the possibility of placental volume 
measurement as a predictor of an adverse pregnancy 
outcome when performed late in the first trimester.13-15

Predicting Fetal Growth Restriction

There have been previous studies on the prediction of 
growth restriction in fetuses using placental volume 
measurement in the first trimester.13-17 Schwartz et al15 
demonstrated that a placental quotient (= placenta 
volume/crown-rump length) less than 1.00 predicted 
a small-for-gestational age (SGA) fetus with 56.5% 
sensitivity, 75% specificity and a 31.7% positive predictive 
value. Plasencia et al18 reported that measurement of 
the placental volume and serum pregnancy-associated 
plasma protein-A (PAPP-A) can improve the prediction 
of the birth of small or large-for-gestational age (SGA) 
or (LGA) neonates.

Predicting Hypertensive Disorder

Pre-eclampsia is a systemic maternal disease that deve- 
lops after the second trimester, but it has recently been 
thought that pre-eclampsia originates in the placenta 
itself, starting with inadequate cytotrophoblast invasion 
and ending with widespread maternal endothelial dys-
function beginning from the first trimester.19,20 Therefore, 
uterine artery Doppler findings have often been used to 
predict the development of hypertensive disorder later 
in pregnancy. It was demonstrated that the placentas of 
patients with pathological uterine perfusion in the second 
trimester were already remarkably smaller at the end of 
the first trimester than those of healthy patients.17 Both 
unilateral and bilateral ‘notching’ are associated with a 
significantly smaller placenta in the first trimester.17 In 
fact, some studies supported the possibility of placental 

Fig. 1: Three-dimensional measurement of the placental volume
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volume measurement as a predictor of fetal growth 
restriction in the first trimester,15,21 while one report men-
tioned that placental volume measurement at 12 weeks 
was insufficient for screening in a low-risk population, 
although it had a potential advantage compared with 
performing the procedure during the second trimester.14

Since uterine artery Doppler ultrasonography in 
the first trimester is more sensitive for the prediction of 
pre-eclampsia,14 the combination of the uterine artery 
pulsatility index (PI) and placental volume gave better 
results compared to the single use of one of these 
parameters.13,22 Furthermore, the prediction rates for 
pregnancy-induced hypertension (PIH) using ultrasound 
and biochemical markers during the first trimester could 
be further increased. Scazzocchio et al23 demonstrated 
a detection rate of 69.2% for early-onset pre-eclampsia 
with a 5% false-positive rate by a first-trimester screening 
procedure combining maternal factors with the maternal 
blood pressure, uterine artery Doppler and PAPP-A. 

Arakaki et al21 reported the detection rate for PIH 
using the placental volume and uterine artery Doppler at 
11 to 13 weeks’ gestation. The placental volume measure- 
ment was significantly smaller in the early- and late-onset 
PIH groups than in the unaffected cases (43 vs 62 cm3), but 
these parameters were not significantly different between 
the late-onset PIH and unaffected cases21 (Fig. 2). When 
the combination of factors was used, the detection rate 
for early-onset PIH was 67.5% with a 5% false-positive 
rate,21 the same as the detection rate in the first trimester 
ultrasound screen combining the maternal blood 
pressure, uterine artery Doppler and serum marker levels.

Screening for Chromosomal 
Abnormalities

Some previous reports suggested that placental volume 
measurement may prove to be useful in the first trimester 

screening for chromosomal anomalies.9,24,25 Wegrzyn et al 
demonstrated that measurement of the placental volume 
at 11 to 13 + 6 weeks of gestation was unlikely to be a 
useful predictor of trisomy 21 and Turner syndrome, 
but concluded that in trisomies 13 and 18, the small 
placental volume might be due to early-onset fetal growth 
restriction, which could be the consequence of impaired 
placental function.24

Relationship between the Placental 
Volume in the Second Trimester and 
Perinatal Outcomes

The placental volume obtained using 3D ultrasound was 
between 77.7 and 213.9 cm3 at 14 to 25 weeks’ gestation.26 
Generally, it is considered to be difficult to measure the 
placental volume late in the second trimester, because the 
placenta develops widely in the uterus. A large placenta 
is often not visualized within the angle of the ultrasound 
probe, especially when the placenta is located on both 
sides of the uterine wall.

Cases with fetal growth restriction that become 
obvious after mid-gestation are often caused by not only 
inadequate cytotrophoblast invasion and early placental 
development, but also by various environmental factors, 
such as the maternal lifestyle and uteroplacental condi-
tions. For instance, the pathophysiology of growth-restricted 
fetuses with obstructive pathological umbilical cord abnor-
malities is explained by thrombotic vasculopathy, which is 
characterized by either the absence or degeneration of fetal 
capillaries in groups of contiguous terminal villi with a dis-
tribution consistent with upstream vascular occlusion.27,28 
In addition, as mentioned previously, the placental volume 
in the late-onset PIH cases was not significantly different 
from that in the unaffected cases.21 This study provides 
support for the hypothesis that PIH may have different 
etiologies, with early- and late-onset PIH representing 
distinct entities.18,22,24,29 Placental volume measurement 
is not satisfactory for predicting poor perinatal outcomes 
which only present symptoms later in pregnancy, although 
the placenta tends to be smaller both earlier and later in 
pregnancy in these cases.

Hafner et al30 investigated the value of second trimester 
(16–23 weeks’ gestation) 3D sonographic placental volume 
measurements to predict infants that will be below the 10th 
centile for birth weight. The values for the specificity and 
sensitivity achieved by choosing an ‘optimal’ cut-off point 
for the estimation probability for a SGA infant were low, 
at 82.5 and 52.5% respectively. Moreover, in a comparison 
of the value of the 3D placental volume at 12 weeks with 
uterine artery Doppler at 22 weeks in a low-risk popula-
tion, it was revealed that similar sensitivities for predic
ting pre-eclampsia and fetal growth restriction existed.14

Fig. 2: Placental volume at 11 to 13 weeks’ gestation in early- 
and late-onset of pregnancy-induced hypertension
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The use of the screening approach using the 3D 
placental volume is associated with several limitations 
in clinical practice. Although it has been reported that 
the intra- and interclass correlation coefficients (ICCs) 
for the ultrasound measurement of placental volume 
were not low (0.7– 0.9),8 the reproducibility would vary 
with advancing gestation. Moreover, the sensitivity and 
specificity to detect patients with poor outcomes using 
only 3D ultrasound evaluations has been unsatisfactory. 
There have been some reports that evaluated the perinatal 
outcomes using the placental Doppler vascularity.31-34 
Further research to evaluate not only the placental  
volume but also the placental function is required.

Conclusion

The 3D sonographic evaluation of the placental volume 
in the first trimester is a simple and rapid method, but 
measurements in the second trimester seem to be of 
limited use. Usually, the placental volume can be obtained 
within 5 minutes as part of daily clinical practice. We 
believe that using a combination of screening methods 
with the placental volume and other markers can increase 
the detection rate for perinatal adverse outcomes, such 
as SGA and PIH.
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