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Abstract 

Background Preeclampsia, a condition very frequently linked to maternal and fetal deaths worldwide, remains 
a pressing concern due to delays in recognition and response. Effective screening tests for early detection of high-risk 
cases and appropriate preventive measures are currently lacking. Well planned prenatal care, timely detection, moni-
toring, and appropriate management are vital to prevent preeclampsia-related fatalities.

Methods This prospective study evaluated the use of shear wave elastography (SWE) in identifying placental struc-
tural issues caused by preeclampsia in high-risk pregnancies. A total of 143 high-risk pregnant women with singleton 
pregnancies and an anterior placental position were included in the study.

Results Women with preeclampsia exhibited significantly elevated SWE values in both center (27.98 ± 16.12 vs. 
4.57 ± 6.57 kPa) and peripheral areas of the placenta (29.14 ± 16.12 vs. 4.80 ± 7.70 kPa) when compared to non-preec-
lampsia women (p = 0.000). Cutoff values of 8.70 kPa and 8.15 kPa at the Center and edge of the placenta respectively, 
accurately predicted preeclampsia in second-trimester pregnancies, with 84.62% sensitivity and 94% specificity. 
However no significant difference was observed between elastography values obtained from the center and edge 
of the placenta.

Conclusions In conclusion, shear wave elastography can help diagnose preeclampsia early by assessing placental 
stiffness.
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Background
Preeclampsia is defined as the presence of hypertension 
and proteinuria occurring after 20 weeks of gestation in 
a previously normotensive patient [1]. It is a major cause 
of maternal mortality and morbidity, with preterm birth 
occurring in approximately 5–8% of cases and perinatal 
death occurring in 1–3% of cases worldwide [2]. In India, 
the prevalence of preeclampsia is 2% (WHO [3]. Risk fac-
tors associated with the development of preeclampsia 
include chronic hypertension, antiphospholipid antibody 
syndrome (APLA), previous history of preeclampsia, 
advanced maternal age, chronic kidney disease history 
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[4], genetic susceptibility [5], etc. It is more prevalent 
in women experiencing their first pregnancy (primi-
gravida) and the risk rises with longer intervals between 
subsequent pregnancies." [5]. Since there are so many 
commonly prevalent risk factors associated with the 
development of preeclampsia, it becomes necessary to 
identify the pregnancies which are at higher risk, for ini-
tiating timely preventive measures to improve maternal 
and fetal outcomes.

Various diagnostic techniques, invasive (maternal 
serum biomarkers) and non-invasive (such as uterine 
artery Doppler), have also been used to diagnose preec-
lampsia. Soluble Fms-like tyrosine kinase-1 (sFlt-1), Solu-
ble Endoglin (sEng), and Placental Growth Factor (PIGF) 
are the mounting biomarkers for the diagnosis of preec-
lampsia [6]. The sFlt-1: PlGF ratio is elevated in pregnant 
women with preeclampsia and could be used as a diag-
nostic aid for preeclampsia when considered alongside 
with other clinical findings. Some studies also suggest 
the use of Uterine Artery Doppler as an early predic-
tor of preeclampsia and Intrauterine growth retardation 
(IUGR) [7]. However, the reliability of these techniques 
for predicting preeclampsia is uncertain since positive 
predictive values for both techniques are unclear [7–9]. 
Additionally, the conventional method of B-mode ultra-
sonography (USG) primarily provides structural informa-
tion about the placenta, lacking the ability to assess its 
biomechanical properties and the relationship between 
structural disorganization and clinical symptoms associ-
ated with preeclampsia [10]. Recently, Ultrasound elas-
tography has gained attention as a non-invasive imaging 
technique for evaluating tissue stiffness [11]. Shear wave 
elastography (SWE) is considered the most suitable type 
of ultrasound elastography as it not only obtains tissue 
morphological information but also quantifies soft tis-
sue’s elasticity values and helps in obtaining information 
about the mechanical properties related to degeneration, 
injury, and healing quantitatively [10]. SWE utilizes the 
principle of inducing transverse shear waves through 
acoustic radiation force, offering real-time quantitative 
data on tissue stiffness with high reproducibility and 
without artifacts or compression effects [12].

Previous studies have examined placental elastogra-
phy using different techniques, such as acoustic radiation 
force impulse [13] in conditions like gestational diabetes 
mellitus [14], preeclampsia and fetal anomalies. These 
studies consistently demonstrated an increase in pla-
cental stiffness compared to normal pregnancies [15]. 
However, the use of (SWE), which provides deeper tis-
sue response, remains limited [16]. Moreover, most of the 
existing studies focused on patients already diagnosed 
with preeclampsia, and there is a lack of focused research 
on pregnancies at increased risk [14]. Few reports are 

available on shear wave elastography of the placenta, 
indicating a scarcity of studies assessing its utility. There-
fore, the objective of this study is to evaluate the use of 
SWE in identifying structural disorganization of the pla-
centa due to preeclampsia in high-risk pregnancies, aim-
ing to facilitate timely detection and monitoring of the 
disease.

Methods
Study population
This is a prospective cohort study conducted in the 
radio-diagnosis department of District Civil Hospital, 
Panchkula, Haryana, India, from Nov 2019 to April 2021. 
A total of 145 high-risk pregnant women, at a gestational 
age of 18–26 weeks, who were referred from the depart-
ment of obstetrics and gynecology and other health 
facilities, were recruited for the study. High-risk preg-
nant women with singleton pregnancies and an anterior 
placental position, who were identified as being at risk of 
developing preeclampsia based on pre-eclampsia com-
munity guideline (PRECOG) [17], were included in the 
study. The decision to restrict the imaging plane to ante-
rior placenta serves the purpose of preventing deeper 
beam penetration over the fetus. This approach aims to 
avoid potential inaccuracies in elasticity calculations, 
particularly in cases with a posterior placental location 
in the uterus. Pregnant women with fetal congenital mal-
formation, who had preeclampsia at the time of exami-
nation and who were not giving consent for study were 
excluded. Of the initially recruited 145 patients, 2 were 
excluded due to congenital malformations. The study 
included a robust sample of 143 patients who met the 
inclusion criteria. The progress of all pregnancies was 
tracked until delivery.

A written informed consent was obtained from all par-
ticipants before the shear wave measurements were per-
formed. All methods and experiments conducted in the 
study were in accordance with relevant guidelines and 
regulations and were approved by the Institutional Ethics 
Committee.

Measurement
Placental shear wave elastography (SWE) was used as the 
primary measurement method to assess the stiffness of 
the placenta. The data collection method involved per-
forming ultrasonography using an Esaote SPA MyLab 
Eight eXP ultrasound machine with a convex array probe 
of frequency 2–5 MHz (Fig. 1).

Data collection
The predefined settings on the Ultrasonography machine 
were modified to achieve the minimum depth required 
for clear and accurate imaging. To ensure clear and 
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artifact-free images, an ample amount of transmission 
gel was applied. During the examination, patients were 
positioned in supine posture, and were instructed to hold 
their breath for 5 s. The ultrasound assessment included 
observing sonographic features such as the normal 
obstetric scan and shear wave elastography values both at 
the center and edge of placenta. The measurements were 
taken from areas that were free from blood vessels and 
were located away from cord (Fig. 2). A total of 10 elas-
tography values were measured, with 5 obtained from the 
center (Fig.  3) and 5 from the edge of placenta (Fig.  4). 
The mean values of these measurement were calculated. 
All measurements and quality checks were executed by a 
radiology resident, under the attentive supervision of two 
radiologists with 23 to 26  years of experience, and with 
the assistance of a gynecologist with 23 years of expertise. 
Participants were followed up until the delivery to detect 
the development of preeclampsia at any stage. During 
patient admission demographic data, detailed medical 
and obstetric history of patient was recorded.

Outcome
The primary objective of the study was to investigate 
the predictive value of shear wave elastography (SWE) 
for prediction of preeclampsia (PE) among the high-risk 
pregnant women. The Secondary outcome was to assess 
whether there were any differences in elastography values 
between the center and edge of the placenta. Perinatal 
outcomes, including period of gestation at delivery and 
newborn birthweight were also recorded.

Statistical analysis
Data was inputted in Microsoft Excel 2010 and then 
analyzed using SPSS (Statistical Package for the Social 
Science; SPSS) version 21. The descriptive data was pre-
sented by reporting the mean (standard deviation, SD) 
for continuous variables, while categorical variables 
were expressed as frequencies and percentages. The Fis-
cher exact test was used to compare categorical vari-
ables between groups, and the independent t-test was 
employed to assess differences in continuous data. The 
accuracy of predicting the presence of PE was assessed 
using the receiver operating characteristic (ROC) curve. 
The result with p-value < 0.05 was considered as statisti-
cally significant.

The sample size of 145 patients was determined based 
on 2% prevalence of the outcome among the unexposed 
group, a 15% prevalence among the exposed group, an 
80% power, and a 5% error level.

Results
In the study, a cohort of 143 patients was included. Out 
of these patients, 12 were lost to follow-up and 2 experi-
enced miscarriages. As a result, the final analysis encom-
passed a total of 129 pregnancies with 10% loss to follow 
up rate (Fig. 5).

The patient characteristics analyzed in the study 
are summarized in Table  1. Approximately half of the 
patients included in the study fell within the age range 
of 19–24  years. The mean gestation age of the patients 
included was 21.79 ± 2.62  weeks. A total of eight risk 
factors associated with preeclampsia were documented 
[17, 18]. Notably, most patients (78%) were identified as 
nulliparous, meaning they had no previous pregnancies. 
The average SWE value of the women included in the 
study during the initial screening was (10.06 ± 15.06) at 
the center of placenta and (10.49 ± 15.62) at the placental 
edge (Table 2).

The study demonstrates statistically significant dif-
ferences between patients with preeclampsia and 
those with normal pregnancies regarding various fac-
tors including age, gestational period at delivery, SWE 
value (both at center and edge of placenta), and birth 

Fig. 1 Ultrasonography machine (Esaote SPA MyLab Eight eXP)

Fig. 2 Image showing measurement of placental elasticity. 
The region of interest (green box) was kept in the vessel free 
area in placenta. The patient was asked to hold breath for 5 s 
during examinations and total 10 values were taken (5 values 
from the center of placenta and 5 from the edge of placenta
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weight (Table  3). Out of the total pregnancies 20% 
women developed preeclampsia. Women diagnosed 
with preeclampsia displayed a notably higher mean age 
(p = 0.002). The average elasticity values in both the cen-
tral (27.98 ± 16.12 vs. 4.57 ± 6.57  kPa) and peripheral 
areas of placenta (29.14 ± 16.12 vs. 4.80 ± 7.70  kPa) were 
significantly elevated as compared to normal pregnan-
cies (p = 0.000). Women with preeclampsia had shorter 
mean gestational age at delivery (36.15 ± 2.12  weeks) 
in comparison to those with uncomplicated pregnan-
cies [(38.46 ± 2.12  weeks); (p < 0.05)]. Moreover, babies 
born to women with preeclampsia exhibited lower birth 
weights [2433 ± 457.9 g vs. 3072 ± 235.6 g in normal preg-
nancies (p < 0.05)].

The distribution of risk factors between the two groups 
did not indicate any statistically significant difference (as 
shown in Table 4).

In terms of the mean values of SWE, the ROC analysis 
revealed that the optimal cutoff values were 8.70 kPa at 
the center and 8.15 kPa at the edge of placenta to predict 

preeclampsia in second trimester pregnancies, achieving 
84.62% sensitivity and 94% specificity (as illustrated in 
Table 5 and Fig. 6). This study shows no significant differ-
ence in elastography values between the center and edge 
of placenta (p = 0.212) (Table  2). The most frequently 
observed complication among patients who experi-
enced preeclampsia was Intrauterine growth restriction 
(IUGR). Among the patients with preeclampsia, 53.85% 
had low birth weight accompanied by IUGR, whereas 
none of the patients who did not develop preeclampsia 
faced this issue.

Discussion
To the best of our knowledge, this is the first prospective 
study demonstrating the role of shear wave elastography 
in detecting structural disorganization of the placenta 
seen in patients predisposed to developing preeclampsia 
in high-risk pregnancies in Indian context. In low- and 
middle-income countries (LMICs), the failure to iden-
tify preeclampsia and delayed response to its signs and 

Fig. 3 The ROI was placed at the center of placenta. Five values were sampled and mean was taken
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symptoms contribute to a significant number of mater-
nal and fetal deaths [18]. This study’s strength lies in its 
extensive sample size, conducted in a District Civil Hos-
pital serving a lower-middle-income population.

Approximately 20% of the pregnant women included in 
this study developed preeclampsia, while the remaining 
80% did not. These findings align with a previous study 
conducted by Cimsit et al., in 2014, which also reported a 
20% incidence of preeclampsia among their patients [19]. 
The participants in our study were between the ages of 19 
and 45, with an average age of 25 years. Similarly, Altunk-
eser et al. conducted a study in 2018, focusing on the pla-
centa of healthy pregnant individuals aged 18 to 46, with 

an average age of 26 years [20]. All the subjects recruited 
for our study were in their second trimester of pregnancy, 
specifically between 18 and 26 weeks of gestational age. 
On the other hand, a study by Kilic et al. in 2015 enrolled 
subjects in both the second and third trimesters of their 
pregnancies [21].

In this study, we examined how the presence of vari-
ous risk factors in a subject relates to the occurrence of 
preeclampsia. However, no statistically significant differ-
ence was found between the risk factors of women who 
developed preeclampsia and those who did not (Table 4). 
It is worth noting that most subjects in both groups 
were nulliparous. Specifically, 65.3% of the patients 

Fig. 4 The ROI was placed at the edge of placenta. Five values were sampled and mean was taken
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who developed preeclampsia were nulliparous. A pre-
vious study by Opitasari et  al. [22] reported that nul-
liparous women had a 78% higher risk of pre-eclampsia 
compared to primiparous women [adjusted relative risk 
(RRa) = 1.78; P = 0.000].

The gestational age at the time of birth was com-
pared between the two groups. Preeclamptic subjects 
had a lower mean gestational age at delivery, specifi-
cally 36.16 ± 2.14  weeks, with over 60% of them expe-
riencing preterm birth. In contrast, subjects without 
preeclampsia had a normal gestational age at birth of 
38.09 ± 3.78  weeks, indicating completion of pregnancy 
to near term. A study by Akbas et  al. in 2019 reported 
similar results, where women with preeclampsia had a 
mean gestational age of 36.73 ± 2.26  weeks at delivery, 
while the control group had a mean gestational age of 
38.2 ± 1.94 weeks at delivery.

In the present study, birth weight between the two 
groups was also compared. Subjects who did not develop 
preeclampsia had a mean birth weight of 3074.71 g and 
subjects with preeclampsia had a mean birth weight 
of 2803.33  g. Study conducted by Xiong et  al., in 2002 
also shows statistically significantly lower birth weight 
babies among mothers with preeclampsia. In this study, 
it was found that approximately 54% of all subjects diag-
nosed with preeclampsia had babies with Intrauterine 
growth restriction (IUGR), which is a fetal complication 
observed in preeclampsia cases at an occurrence rate of 
10–25% [23].

In women with preeclampsia, there was a signifi-
cant increase in shear wave elasticity values at both the 
center (27.98 ± 16.12  kPa) and edge (29.14 ± 16.12  kPa) 
of placenta, compared to the values at the center 
(4.57 ± 6.57 kPa) and edge (4.80 ± 7.70 kPa) of placenta in 
normal pregnancies. A study conducted by Fujita et al. in 
2018 also reported a significant difference (p < 0.001) in 
placental elasticity between healthy subjects and those 
with preeclampsia [11]. In both groups, when comparing 
the elasticity values between the center and edge of pla-
centa in the same patient, no significant differences were 
observed. A similar study conducted by Li et al. [24] also 
utilized real-time quantitative shear wave elasticity and 

Fig. 5 Flow diagram of the progress of the patient through the study 
period

Table 1 Characteristics of the patient included in the study 
(N = 143)

Variables n (%)

Age

 19–24 73 (51.1%)

 25–29 50 (34/9%)

 30–34 8 (5.5%)

 35–40 9 (6.3%)

 > 40 3(2.1%)

Period of gestation at screening time (week)

 18–20 55 (38.4%)

 21–23 42 (29.3%)

 24–26 46 (32.2%)

Parity

 G1 109 (76.2%)

 G2 17 (11.8%)

 G3 13 (9.1%)

 G4 2 (1.4%)

 G5 0

 G6 2 (1.4%)

Risk factor

 H/o Preeclampsia 16 (11.2%)

 H/o Chronic HT 11 (7.7%)

 APL syndrome 3 (2.1%)

 H/o Preeclampsia in relative 10 (6.9%)

 H/o pre-gestational diabetes 8 (5.5%)

 Obesity 19 (13.3%)

 Advance maternal age 4 (2.8%)

 Nulliparous 112 (78.3%)

Table 2 Shear wave elastography (SWE) mean values at the 
center and edge of the placenta (N = 143)

SD standard deviation

P < 0.05 indicates statistical significance

Variable Mean ± SD p-value

SWE mean value at the center 
of the placenta (KPa)

10.06 ± 15.06 0.212

SWE mean value at the edge 
of the placenta (KPa)

10.49 ± 15.62
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yielded similar results, showing no significant distinction 
between the values at the center and edge of placenta.

The diagnostic application of shear wave elasticity in 
predicting preeclampsia in high-risk pregnancies was 
analyzed by Receiver Operator Characteristic (ROC) 
curve. We observed cut-off values at the center and edge 
of placenta to be 8.70 kPa and 8.15 kPa respectively. The 
accuracy of the test at the center and edge of placenta was 
found to be 92.24% and 90.6% respectively. A study con-
ducted by Sirinoglu et al., in 2021 observed cut off value 
of 7.43 kPa to predict PE in the placentas of first-trimes-
ter pregnancies, with 88% sensitivity and 78% specificity 
[25]. This study correlates well with our findings and we 

speculate that shear wave elasticity can be used as non-
invasive marker for predicting preeclampsia in high-risk 
pregnancies.

This study possessed several strengths. Preeclampsia 
(PE) placentas exhibited significant variability in stiff-
ness, which was thoroughly characterized. To ensure the 
elimination of sampling bias, we adopted a comprehen-
sive approach by conducting SWE measurements over a 
large acquisition area, encompassing both the center and 
peripheral regions of placenta. The fact that limits our 
study is that the shear wave elasticity values were taken 
only at the time of screening i.e., during second trimester 
of pregnancy and not during third trimester. Secondly, 

Table 3 Obstetric and perinatal outcomes of the normal pregnancy and preeclampsia group

SD standard deviation

P < 0.05 indicates statistical significance

Variables Developed preeclampsia 
(Mean ± SD)
(n = 26)

No preeclampsia 
(Mean ± SD)
(n = 103)

p-value (t-test)

Age 27.92 ± 6.07 24.62 ± 4.55 0.002

Parity (min–max) 1(1–6) 1(1–6) 0.062

Period of gestational age (POGA) Screening 22.80 ± 2.89 21.6 ± 2.52 0.051

Center of Placenta 27.98 ± 16.12 4.57 ± 6.57 0.000

Edge of Placenta 29.14 ± 16.12 4.80 ± 7.70 0.000

Period of gestational age (POGA) delivery 36.15 ± 2.12 38.46 ± 2.12 0.000

Birth weight 2433 ± 457.9 3072 ± 235.6 0.000

Table 4 Frequency distribution of risk factors among normal pregnancy and preeclampsia group

P < 0.05 indicates statistical significance

Risk factor Developed preeclampsia (n = 26) No preeclampsia (n = 103) P-value 
(Fisher-exact 
test)

H/o Preeclampsia 5 (19.2%) 11 (10.6%) 0.192

H/o Chronic HT 3 (11.5%) 7 (6.8%) 0.115

APL syndrome 2 (7.6%) 1 (0.97%) –

H/o Preeclampsia in relative 1 (3.8%) 8 (7.7%) –

H/o pre-gestational diabetes 3 (11.5%) 4 (3.8%) –

obesity 8 (30.7%) 11 (10.6%) 0.308

Advance maternal age 2 (7.6%) 2 (1.9%) –

Nulliparous 17 (65.3%) 82 (79.6%) 0.346

Table 5 Diagnostic evaluation of shear wave elastography

PPV positive predictive value, NPV negative predictive value, AUC  area under the curve

Cut-off value 
(kPa)

Sensitivity (%) Specificity (%) PPV (%) NPV AUC Accuracy (%)

Center of Placenta 8.70 84.62 94.17 78.57 96.03 0.881 92.24

Edge of Placenta 8.15 84.62 92.23 73.34 95.95% 0.913 90.6
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histopathological studies to correlate structural changes 
in placenta with the shear wave elasticity values in pla-
centa were not done. Interobserver variation was avoided 
to minimize repeated scanning of the same fetus. How-
ever, the measurements of tissue stiffness with SWE are 
not operator dependent and we obtained multiple meas-
urements from different areas of same placenta (viz. cen-
tral and peripheral regions)..

Conclusions
In conclusion, shear wave elastography is a valuable tool 
for screening and detecting preeclampsia during the sec-
ond trimester of pregnancy. It helps identify changes in 
placental elasticity, allowing for early detection. Prompt 
diagnosis of preeclampsia in community settings is cru-
cial for the health and safety of both the mother and the 
fetus. By detecting it early, we can prevent delays in pro-
viding proper care and timely referral of patients to spe-
cialists and ultimately reduce preventable mortality rates 
for both mothers and fetuses, especially in low- and mid-
dle-income countries.
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