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Background. In this prospective cohort study, we examined the utility of elastography to evaluate the fetus and 
placenta. 
Patients and methods. Pregnant women in their third trimester of pregnancy, by which time the placenta has 
formed, were included in this study. A total of 111 women underwent ultrasound examinations, including elastogra-
phy. Elastographic evaluation was performed using two protocols. First, the placental index (PI) was measured, which 
quantitatively assesses the hardness of tissue. Second, regions of interest (ROI) were categorized into 3-step scores 
according to the frequency of the blue area (hardness of placental tissue score [HT score]), which is a qualitative 
method. After delivery, 40 of the 111 placentas were pathologically examined. 
Results. The average PI was 44.3 (± 29.4) in the in utero SGA group, which was significantly higher than that in the 
normal group (8.8 (± 10.0); p < 0.01) during pregnancy. There was a significant correlation between the PI and z score 
for estimated fetal weight (EFW) (r = -0.55; p < 0.01). Moreover, a significant positive correlation was observed between 
the PI and the z score of birth weight (r = -0.39; p < 0.01). Pathological ischemia findings of the placenta were identi-
fied in 67% of the HT score 3 group, representing 6 of the 9 patients, and in 20% of the HT score 1 group, representing 
only 3 of the 15 patients.
Conclusions. Placental hardness, as determined by elastography, correlates with both lower estimated fetal body 
weight and birth weight. These results suggest that ultrasound elastography in the placenta may be an additional 
marker of intrauterine fetal well-being.
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Introduction

When ultrasound elastography was first clinically 
applied for the evaluation of disease, it was used 
to differentiate cancer tissue from surrounding 
normal tissue according to stiffness.1-3 Since the 
elasticity of tissues and organs can be evaluated 
objectively, even in inaccessible parts of the living 
body4,5, this modality has been applied in the clini-
cal diagnosis of breast cancer.6

Recently, elastography has been found to be use-
ful for the evaluation of pathological changes in 
noncancerous tissues. For example, the stiffness of 
liver tissues is considered to relatively increase with 
an increase in the density of vessels. In particular, 
the severity of hepatic fibrosis, as determined by 
biopsy, actually showed a correlation with a color 
score found using elastography in the liver area.7,8

Small neonates who did not reach an appropri-
ate weight according to gestational age in weeks 
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are referred to as small for gestational age (SGA). 
Perinatal mortality and the incidence of mental de-
ficiency are high for SGA infants compared with 
non-SGA infants. Therefore, a fetus with SGA rep-
resents a high-risk pregnancy.9 Screening for SGA 
in the uterus is important during prenatal exami-

nations; however, pathological conditions vary, 
and examination methods and indices for discrimi-
nation are not sufficient.10,11

Ultrasonography has long been a valuable tool 
for the diagnosis of pathological conditions during 
pregnancy when the use of diagnostic radiation 
imaging or invasive examination is avoided. The 
ultrasound frequency commonly used for elas-
tography is equivalent to that of B mode, and it is 
thought that there is little effect on fetuses during 
pregnancy.12 Among the few reports of elastogra-
phy used in obstetrics, some have evaluated the 
cervix and its correlation with premature labor.13-15 
Therefore, in this study, we investigated the corre-
lation between the elasticity of placental tissue, as 
evaluated by ultrasound elastography, and SGA.

Materials and Patiens

A prospective cohort study was performed on a to-
tal of 111 pregnant women who regularly visit our 
hospital received examinations. Only cases with 
anterior-lying placenta were included to avoid the 
effect of amniotic fluid. Only singleton pregnancies 
were included. For both fetal biometry and strain 
elastography, Ascendus (Hitachi Aloka Medical) 
with Eup-L52 probes were used for ultrasound ex-
aminations.

After the regular prenatal examination was per-
formed (biparietal diameter, abdominal circumfer-
ence, and femur length of the fetus), elastographic 
evaluation was performed using two protocols. 
First, the fat lesion ratio (FLR), which expresses the 
ratio of the elasticity of the target tissues (placen-
ta) to subcutaneous fat (reference), was measured 
and calculated according to the manufacturer’s 
instructions and defined as the placental index 
(PI). According to the diagnostic modality used 
for mammary tissue, two regions of interest (ROI) 
with 2-cm diameters were randomly set for the fat 
and placenta for comparison. Second, we made 
a benchmark to easily determine the hardness of 
the placenta, and the color mapping patterns of 
certain ROIs of the placenta were evaluated by an 
observer. The pattern was categorized into 3-step 
scores according to the frequency of the blue area 
(hardness of placental tissue score [HT score]). The 
HT score was 1 when the blue area in the ROI was 
<50%, 2 when the blue area was between 50% and 
75%, and 3 when the blue area was >75% (Figure 1).

The HT score was evaluated by an obstetrician 
who was blinded to fetal biometry and perinatal 
information. Other blinded physician was asked to 

FIGURE 1. Representative ultrasound images of hardness of tissue (HT) score (A) The 
HT score was 1 when the blue area in the ROI was 50% or less. A strain graph, used to 
assess proper application of compression, is indicated in the lower right (B) The blue 
and green areas are shown mixed together in relatively equal percentages in the 
placenta (C) Most of the placenta is indicated in blue. In the left image, the strain 
ratio is calculated from the region of interest of the fat and placental tissue. In this 
case, the placental index is 19.83.

A
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evaluate the score, and a consensus between two 
examiners was adopted as the HT score for the pla-
centa.

We took measurements by avoiding large blood 
vessels and thereby avoided bias caused by areas 
without echo. The ROI was selected within 10 cm 
from the body surface; areas without tissue elastic-
ity, such as the deep part, were avoided. Also, an 
attached strain graph was used to confirm whether 
adequate pressure was applied16 (Figure 1A, lower 
right).

The evaluation of reliability in elastography 
measurements was conducted using intra-class 
correlation coefficients (ICC). The intra-tester ICC 
was calculated for the 3 measurements in each pla-
centa.

After delivery, the placentae of 40 patients who 
agreed to undergo a pathological test were investi-
gated. Pathological examination was done blindly 
by a pathologist who was unaware about the pa-
tient’s obstetric information.

Statistical testing was performed using Welch’s 
t-test for patient characteristics and a z score of the 
estimated fetal weight (EFW) (significance level, 
0.05%). Pearson’s rank-correlation coefficient was 
calculated to assess the correlation between the PI 
and pregnancy outcomes. A multivariate linear re-
gression analysis was performed with the EFW z 
score as a dependent variable and age, parity, pla-
cental weight at delivery, PI, and HT score as inde-
pendent variables. SPSS version 24.0 was used for 
all statistical computations. 

All procedures performed in studies involving 
human participants were in accordance with the 
ethical standards of the institutional and/or nation-
al research committee and with the 1964 Helsinki 
declaration and its later amendments or compa-
rable ethical standards. This study was approved 
by the Institutional Review Board of the Tokyo 
Medical University (No. 2949). Informed consent 
was obtained from all patients before they were 
enrolled in the study.

Results

The patient characteristics of the normal EFW 
group and the in utero SGA group are shown in 
Table 1. Five pregnant women from normal groups 
were randomly selected to evaluate the reliability 
in elastography measurements. The intra-tester 
ICC was 0.987, thereby indicating a high reliability.

An EFW with a standard deviation (SD) of -1.5 
or lower was defined as SGA.17 The average PI was 

TABLE 1. Population features between the Normal group and SGA group

Normal group SGA group P

Number 101 10

Maternal age (years) 34.4 (±5.6) 33.6 (±4.7) NS

Gravidity 0.9 (±1.2) 1.3 (±1.3) NS

Parity 0.5 (±0.9) 0.6 (±0.7) NS

Gestational age (weeks) 31.7 (±6.3) 32.8 (±4.2) NS

EFW (SD) +0.11 (±0.74) -2.33 (±0.84) P<0.01

Placental Index 8.8 (±10.0) 44.3 (±29.4) P<0.01

HT score 1.56 (±0.68) 2.70 (±0.67) P<0.01

Birth weight (SD) 0.11 (±1.13) -2.19 (±1.07) P<0.01

Placenta weight (g) 562.3 (±119.7) 366 (±120.0) P<0.01

The above values represent the mean (standard deviation). 
EFW = estimated fetal weight; HT = score hardness of tissue score; SGA = small for gestational age

TABLE 2. HT score and pathological findings related to placental ischemia after 
delivery 

HT score 1
(n = 15)

2
(n = 16)

3
(n = 9)

Accelerated maturation of villi (+), (n) 1 2 2

Infarction (+), (n) 2 1 3

Villous inflammation (+), (n) 0 1 1

Total, n, (%) 3 (20) 4 (25) 6 (67)

HT scores were evaluated during elastography. The presence and absence of pathological 
findings of the placenta after delivery are shown.

8.8 in the normal group and 44.3 in the in utero SGA 
group. The in utero SGA group had a higher pla-
centa hardness score than did the normal group.

In this study, significant differences were not 
observed for the prognosis of cesarean section rate, 
hemorrhage volume, and Apgar score of the child 
at delivery during the perinatal period. 

The correlation between the PI and z score for 
EFW is shown in Figure 2. There was a significant 
correlation between the PI and z score for EFW (cor-
relation coefficient, r = -0.55; p < 0.01). Moreover, a 
significant positive correlation was observed be-
tween the PI and the z score of birth weight (cor-
relation coefficient, r = -0.39; p < 0.01) (Figure 3). In 
the multivariate analysis, HT score and PI were sig-
nificantly associated with EFW (β = -0.398, p = 0.01; 
and β = 0.425, p = 0.007, respectively). There was 
no statistically significant association between the 
other parameters and EFW. Table 2 shows a corre-
lation between pathological findings of the placen-
ta after delivery and HT score. After delivery, the 
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pathologist checked for three types of accelerated 
maturation of villi, which reflect vessels that have 
been reactively increased by ischemia, infarction, 
and villous inflammation. No significant differ-
ences were observed among all HT score groups, 
but the group with an HT score of 3 tended to have 
more findings related to ischemia of the placenta.

For the groups with HT scores of 1, 2, and 3, the 
mean birth weights were -0.11 SD, -0.09 SD, and 
-0.93 SD, respectively. The differences between HT 
scores 1 and 2 and between HT scores 2 and 3 were 
p = 0.067 and p = 0.054, respectively. Furthermore, 
when the results of elastography were compared 
between before and after the 30th week in the same 

cases, which allowed us to assess the effect of meas-
urement timing on the HT score, no changes in HT 
score were observed in the 5 cases that received an 
elastography examination, except for 1 case. 

No obvious maternal or fetal disadvantages, 
such as premature birth or abruption, developed 
after the elastography examination.

Discussion

There have been several reports describing the use 
of elastography to examine the placenta. Recently, 
Cimsit et al. performed elastography by using shear 
wave imaging; they demonstrated that a placenta 
affected by pregnancy-induced hypertension was 
harder than a normal placenta.18 

Using strain elastography with acoustic radia-
tion (ARFI), Sugitani et al. discovered that the pla-
centa of fetuses with fetal growth restriction (FGR) 
seemed harder than normal. They used elastogra-
phy to study the placenta after delivery and meas-
ured the stiffness of the placenta with infarction. 
In doing so, they found that elastography was able 
to diagnose fibrogenesis without inflammation 
and congestion.19,20 However, their reports com-
pared the elasticity of placentas from patients with 
pregnancy-induced hypertension with or without 
FGR. Furthermore, the safety of shear wave imag-
ing with ARFI in the developing fetus has not been 
fully established because of the high energy of this 
modality.21

SGA is associated with significant perinatal 
morbidity and mortality.22,23 Although uterine ar-
tery Doppler is clinically applied to predict FGR of 
SGA, its sensitivity, and predictive value are not 
satisfactory.24 Recently, using a rat model, Quibel 
et al. demonstrated that placentas from fetuses 
with experimental intrauterine growth restriction 
demonstrated greater stiffness.25 However, to our 
knowledge, no report has analyzed the correlation 
between elasticity of the placenta and SGA in hu-
mans in utero. For all of these reasons, we first as-
sumed that the placental hardness correlates with 
SGA. As seen in Table 1, the backgrounds of the in 
utero SGA group were consistent with those in past 
reports about FGR.

EFW, birth weight, and placental weight in the 
in utero SGA group were significantly lower than 
those in the normal group. Furthermore, the PI 
and HT score in the in utero SGA group were sig-
nificantly higher than those in the normal group in 
this study. This result suggests that the PI and HT 
score may be new evaluation items for SGA. 

FIGURE 3. A significant positive correlation was observed 
between the placental index (PI) and z score of birth weight 
(correlation coefficient, r = -0.39; p < 0.01).

FIGURE 2. The correlation between the placental index (PI) 
and z score for estimated fetal weight at prenatal examination 
(EFW) . There is a significant correlation between the PI and z 
score for EFW (correlation coefficient, r = -0.55; p < 0.01). 
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In this study, we first examined PI, which is an 
objective and quantitative evaluation scale built in-
to the mode used in elastography. The ratio of the 
elasticity of the abdominal wall fat tissue, which is 
considered to have the almost constant elasticity to 
the target tissue, was quantified by a pre-defined 
algorithm. This approach has been used instead of 
invasive biopsy in the mammary gland region to 
enable the diagnosis of mammary gland diseases.26 
Statistically significant correlations were found be-
tween the PI and z scores of EFW and between the 
PI and z scores of birth-weight. Furthermore, the 
multivariate analysis revealed that the HT score 
and PI were associated with EFW. These results 
suggest that placental stiffness has a strong rela-
tionship with SGA, regardless of the measurement 
procedure.

The utility of elastography and color map-
ping has been established in regions such as the 
mammary gland, prostate gland, and thyroid.2,3 
Furthermore, color mapping is valuable because it 
is an intuitive evaluation method. It allows visual 
determination, even in models without a particular 
algorithm. Moreover, obstetricians want to confirm 
the situation of the fetus as efficiently as possible in 
a short period. Therefore, we secondly developed a 
novel color mapping score to evaluate the elastic-
ity of the placenta, which we termed the HT score. 
This score may be a simple screening tool that can 
be used to identify abnormalities in the placenta.

The HT score failed to show a correlation with 
the z score for birth weight. Although some addi-
tional factors during pregnancy after an HT score 
examination exist and affect birth weight, it may be 
possible that a significant difference could be con-
firmed in a series of cases. Moreover, this study re-
sult suggests that HT score does not change based 
on gestational weeks. Fortunately, it may be con-
venient to evaluate the stiffness of the placenta us-
ing the HT score during pregnancy. 

Pathologic examination of placentae of those 
with FGR revealed fibrin deposits in the intervil-
lous space.27 Also, there have been reports of sig-
nificant pathological findings of infarction and vil-
lous inflammation in the placentas of infants with 
SGA.28 Therefore, in at least some cases of FGR, hy-
percoagulability in the placenta will result in blood 
clots and infarction, leading to a decrease in utero-
placental circulation, which contributes to FGR. 
As shown in Figures 4 and 5, white infarcts were 
macroscopically observed in parts of the placenta, 
and complete and incomplete infarction images of 
the villus were histopathologically observed in the 
placenta of FGR neonates with HT scores of 3.

Regarding the liver region, it has been reported 
that the pathological degree of fibrogenesis caused 
by chronic hepatitis and hepatic cirrhosis, and the 
hardness evaluated by strain elastography, are 
well correlated.8,29 Our findings suggested that the 
harder the placenta, the more the infarction and 
villous inflammation tended to be. Thus, elastogra-
phy may reflect their fibrogenesis of villi resulting 
from infarction, villous inflammation and insuffi-
cient oxygen supply of the placenta in SGA.

However, not all SGAs are pathologically 
growth restricted but may be constitutionally 

FIGURE 4. Gross pathological findings of the placenta. A macro-photograph of the 
placenta after delivery. The neonate had fetal growth restriction, diagnosed during 
elastography evaluation at week 28 of pregnancy. White placental infarction is 
observed at the bottom right of the photo.

FIGURE 5. Histopathological findings of the placenta. Objective 
lens with 4× magnification. A micro-photograph of the same 
case as that shown in Figure 4. Complete infarction and 
incomplete infarction with remaining nuclear stainability are 
observed. The outlines of the villus remain in the upper right 
area.
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small for various other reasons, including genetic 
causes. Sequential EFW measurements of indices 
of fetal well-being (e.g., umbilical, middle cerebral, 
and uterine artery Doppler measurement; amniotic 
fluid volume, and fetal heart rate monitoring) may 
facilitate the identification of SGA due to placen-
tal insufficiency. Indeed, Karaman et al. described 
a putative association between the uterine artery 
pulsatility index and elastographic indices of the 
placenta.30 

Another limitation of this study is that strain 
elastography requires manual compression with 
the examiner’s hands, although it has been report-
ed that reproducible data can be obtained when 
a single examiner conducts the examination.31 
Furthermore, only placentas located on the ante-
rior uterine wall could be analyzed by our proto-
col, since manual compression is nearly impossible 
for a posteriorly located placenta. Our study also 
exhibited notably variation in PI values according 
to measurement locations in the normal and SGA 
groups. Thus, further studies with standardized 
elastographic measurements are required to evalu-
ate the condition of the entire placenta. 

Despite these limitations, elastography may 
indicate some characteristics of the placenta. 
Through the technical development of devices, 
improvements in evaluation methods, algorithms, 
and/or combined use with other obstetric exami-
nation methods, elastography can become a new 
evaluation method for the fetus and placenta.18-20

In conclusion, we demonstrate that placental 
hardness during pregnancy correlates with low 
birth weight, based upon an assessment of the pla-
centa using a non-invasive approach. Furthermore, 
hard placentas, as determined by elastography, 
may be indicative of pathological changes to the 
placenta in SGA.
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