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ABSTRACT

Ultrasound and Doppler indices were implemented to screen high-risk pregnancies as
preeclampsia, a unique pregnancy syndrome that imposes many challenges on the mother and
her unborn child. Since there is currently no conscience of what parameter is best for screening,
this study was designed to examine if a 3-dimensional re-modeling of a 2-dimensional Doppler
wave will perform better in PE screening and evaluating its severity.

A case-control study enrolled 90 eligible primigravida's age and body mass index-matched
screened and followed till 34 weeks, where they were re-grouped into controls; and preeclampsia
(PE) cases (45/90) each. Demographic, biochemical, and hematological parameters were tested;
followed by ultrasonic parameters [amniotic fluid index, estimated fetal weight, resistance, and
pulsatility index (RI and PI)].

From Doppler strip, 5 heights were taken from a heartbeat for every patient to measure the volume
under the surface (VUS) of 3 dimensional modeled Doppler.

VUS was significantly low among PE cases, with strong significant associations; (P < 0.001) with

biochemical, hematological, and ultrasonic parameters that define PE onset and severity.
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Furthermore, VUS discriminated PE cases at a cut-off value of < 66 unit®, associated with
93.3%,92%, and P-value<0.001 sensitivity and specificity, respectively.

VUS's strong relations and high discrimination power regarding PE onset and severity make it a
recommendable parameter. It is simple and has an easy technique, without extra charge. We
recommend incorporating it into anti-natal care services. More studies are warranted to unveil

prognostic and other diagnostic applications in practice.
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severity.

INTRODUCTION

Adverse pregnancy outcomes are becoming a major public health concern. Every day, over 800
women die due to pregnhancy-related complications, particularly in high-risk pregnancies like
preeclampsia (PE) [1]. Added to the higher maternal-perinatal morbidity and mortality seen in
PE women, there is an added long-term health consequence [2].

Preeclampsia is a serious pregnancy-related condition. A consensus among researchers exists
about a two-stage developmental model. The first stage ensues subsequent to the faulty
implantation of trophoblasts. Abnormal vascular development of the placenta means that the
blood flow pattern in those vessels will differ from that in normal normotensive women, thereby
inducing a state of hypoxia. In this context, the presence of diminished uterine artery blood flow
can be detected using Doppler ultrasound [3]. The onset of symptoms and clinical indicators
marks the start of the second stage, which predominantly occurs after the 20th week of gestation.
This stage is primarily associated with the release of placental factors into the maternal
bloodstream. As a result, the occurrence of systemic inflammation leads to endothelial damage
in many organs, which is accompanied by the typical symptoms of PE [4].

Many researchers seek early and accurate screening for PE since there is no current treatment
but to end the pregnancy. Biochemical screening has the advantage of being rapid and non-
invasive, yet it has low accuracy [5]. For example, soluble fms-like tyrosine kinase-1 [4]

In contrast, ultrasonic screening, 2-dimensional (2D) Doppler indices (including pulsatility index

PI, resistance index RI), and flow-mediated dilatation were heavily examined and investigated [6].
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They need repeated follow-up and can have false-positive predictive power, which raises the
problem of overdiagnosis of fetal compromise and increases operative intervention [7]. Although
there is no consensus on which method is best, the current screening for PE, and in particular
that based on maternal history, uterine artery Doppler, and biomarkers, is effective in predicting
PE [8].

Briefly, placental blood flow in PE is significantly reduced in the uterine and umbilical arteries,
which can be screened and recorded by Doppler studies of those blood vessels. Assessment of
this alteration is important in choosing the type of care and the obstetrical decision regarding
pregnancy [9].

Doppler waves are primarily two-dimensional plots of blood speed vs. time, and one heartbeat
typically has two waves. The first wave represents systolic blood velocity, whereas the smaller
second wave represents blood vessel changes during diastole [10].

Many parameters can be determined from peak systolic and diastolic blood velocity changes to
assess screening and preeclampsia severity. However, with the advancement of current digital
computers and the introduction of new, highly efficient modeling software, new perspectives for
more effective screening and assessing preeclampsia severity are emerging [6, 10].

This paper adopted a newer approach by converting the traditional 2-dimensional Doppler strip
into a 3-dimensional surface by creating replicas of the original wave projecting along the y-axis,
creating a surface on the z-axis; see Fig. 1. Measuring volume under the surface, or (VUS) for
this 3-dimensionally modeled Doppler plane corresponding to one heartbeat may result in
obtaining a highly useful parameter for better predicting and assessing preeclampsia-associated
complications. We believe that VUS may be much more predictive for screening as well as
assessment of preeclampsia severity since it has a wider range, or variance, in statistical terms
[11].Measuring this volume is simply conducted nowadays by the available online free version of
MATLAB software and OCTAVE software [12].

This study aims to verify whether volume under the surface of three-dimensionally modeled
Doppler waves (VUS) can be a reliable new novel marker that may be useful in the screening and

assessment of preeclampsia severity.



Figure 1. Example showing how the 3 dimensionally modeled Doppler wave looks like.

PATIENTS AND METHODS

An observational case-control study was conducted in Al-Yarmouk Teaching Hospital and took

about 14 months to be completed, starting in early January 2021 and ending in March 2022.

Inclusion and exclusion criteria

Allwomen included in this study were singleton primigravida, matched at their age and body mass
index (BMI). They had an age range of 18-35 years, and their body mass index was less than
29.9 kg/m2. They should have confirmed dating based on LMP and early dating ultrasonic reports.
Participants were sequentially recruited while attending the maternity clinics for routine visits.
They were informed about the research plan and aims. The study workflow was conducted in
accordance with the Helsinki Declaration.

Pregnant women who agreed to participate were screened and followed for 20 weeks of gestation
during the reference period. Starting at 30 weeks of gestation, women were re-grouped into two
major study groups: healthy control (45/90) women and study group (PE cases) (45/90).

Both groups were given special preprinted forms and contact information and instructed to consult
the hospital at exactly 34 weeks of preghancy for Doppler assessment as well as laboratory

investigations.



The study group were newly diagnosed PE cases based on the NICE guidelines [13] and had not
started any treatment.

Risk group cases, including twins' pregnancy, diabetes, placenta previa, uterine fibroids, chronic
inflammatory diseases, asthma, and cases of impending eclampsia or those who needed urgent
termination, were all omitted. Those suffering from blood dyscrasia, smokers, those on drugs
affecting blood coagulation or vascular resistance like aspirin and corticosteroids, and those with

incomplete data were excluded, too.

Study methodological standards: the workflow at 34 weeks of gestation

All eligible pregnant women came at 34 weeks of gestation, where a formal general examination
(blood pressure, height, and weight) and an obstetrical examination (uterine fundus height) were
done.

To start with, they were all sent for lab investigation after a one-night fast; tests included

urinary protein over creatinine ratio, blood urea, serum creatinine, serum fibrinogen level, platelet
count, and serum glutamic-oxaloacetic transaminase (SGOT) and glutamic pyruvic transaminase
levels (SGPT).

When lab tests were completed, participants were scheduled for ultrasound examination for fetal
parameters [amniotic fluid index (AFI) and estimated fetal weight (EFW)]. Additionally, a Doppler
study of the umbilical artery was conducted using the transabdominal sector probe 3.5 - 5 MHZ,
performed (EDAN Acclarix LX8). Umbilical flow measurements were quantified by measuring at
least three consecutive Doppler waveforms. The Doppler angle is aligned with the vessel axis at
less than 60°. Subsequently, the resistance and pulsatility index (Rl and PI) were recorded by
automated machine measurements.

After that, the Doppler operator took a clear 2D strip, which was isolated and frozen. Then one
heartbeat is chosen where the speed of blood in Doppler strips is measured at five regions; those
are:

The start of systole, peak systolic velocity, end-systolic velocity, peak diastolic velocity, and finally,
end-diastolic velocity (see Figs. 2b, 3a) These five measurements were taken for every patient
and sent back to be used for the measurement of the volume under the surface (VUS) of a 3-
dimensionally modeled Doppler wave.

We feed those 5 readings into a square matrix whose dimension is the same number of readings
as shown in (Fig. 2c, Fig. 3b). This matrix can be easily used to create a surface projecting into
the z-axis over the x- y plane by interpolating the data in its elements by any mathematical

software (MATLAB or OCTAVE) capable of drawing 3-dimensional surfaces from its raw



elements, with only 3 steps as shown in ( Fig.2d and Fig.3c). The concept will be explained in
detail in the next sections.
(SGPT).

Patient and public involvement

Iragi pregnant females at Al-Yarmouk Teaching Hospital / Baghdad; Iraqg.

The concept of creating a 3D surface from 2D Doppler strips and measuring VUS
Preliminary concepts

Any 3-dimensional surface function has the following format:

z=f (x,y) by drawing a surface projecting into the z-axis over the x-y plane [14].The type of function
applied to the independent variables x and y may be trigonometric, exponential, power, or
logarithmic manipulations. Irrespective of the initial type of function, the volume under this surface
may be calculated by the general formula given below, which involves complex double

integrations. [15];

b ,d
volume(z,y) = J J f(x,y) dy dx
a ¢C

Where c and d are the limits of integration with regard to the y-axis, while a and b are the limits of
integration with regard to the x-axis. Unfortunately, this method cannot be applied to Doppler strip
waves since those waves have no defined equation, nor can they be built. Doppler waves in the
umbilical artery change daily from the start of pregnancy till delivery, even in normal pregnancy,
making formula building for them virtually impossible. Instead, we will use the matrix-building

format described in detail below.
Matrix representation of 3-dimensional surfaces

Matrix is simply a set of numbers arranged in a certain number of rows and columns. The product
of the matrix number of rows by columns is called the matrix dimension. In the 3-dimensional
surface representation of the Doppler wave, the first row contains the different speeds recorded

along one heartbeat calculated from the Doppler strip. Since they are 5 recordings, then there ex

ist 5 columns. While the 2,3 4™ and 5™ rows are the replicas of the recording in the first row(see

Fig. 2c and Fig.3b ). Accordingly, the matrix dimension is 5 by 5. Fortunately, this matrix form can



be drawn in 3-D formats by feeding them into MATLAB or OCTAVE. In addition, they can be
double integrated to calculate the volume under their surface as shortly as described below in

further detail.
Mathematical modulation of the 2-dimensional Doppler strips into the 3-dimensional surface

Creating a surface replicating the Doppler strip's wave is easy to understand. Ordinary Doppler
waves are projected into 2-axes: the x-axis represents the time while the y-axis measures the
blood speed. The basic idea is to take serial measurements of Doppler height covering one
heartbeat plotted on the x-axis and create replicas of those reading along the y-axis, creating a
surface on the z-axis. From those readings covering the x and y axis on the surface, a matrix can
be built easily and double-integrated with MATLAB or OCTAVE software, as shown in (Fig. 2c
and Fig.3b).

Fig.2 a: For every participant, the umbilical artery
Doppler strip was taken.

Fig.2 b: We took 5 points in the umbilical artery Doppler
wave

* The start of systole,

+ Peak systolic velocity

» End-systolic velocity

+ Peak diastolic velocity

+ End-diastolic velocity

Fig.2 c: As shown ; the 5 readings from the 2D Doppler
wave are taken to create a square matrix (5 X 5). These
matrix readings are merely replicants of the first row
reading from the surface created by the

2 D Doppler wave to create the 3D surface (VUS)

We assigned a letter (a) to this matrix so we could analyze

it with MATLAB and OCTAVE software.

o
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Fig.2 d: Finally, the data in the newly constructed matrix 1s
easily converted into a 3-D surface through inter-plotting of
its elements

Figure 2. Shows the algorithm for building a matrix and 3-dimensional plot from 5 readings taken

from the Doppler strip through the construction of the matrix.



Calculation of volume under the surface from the matrix by double integration

The obtained 5 readings are first arranged in a square matrix. Since they are 5 readings, the
number of rows in the matrix will be 5 or simply 5 replicas. Each number in this matrix
corresponding to a certain row or column number is the same reading or value of Doppler height
obtained by the sonographer. Then we write the following script directly into the workspace of
either MATLAB or OCTAVE software workspace(see Fig.3c), remembering the original data

were 3, 9, 6, 4 and 3 successively;

Scriptwriting in MATLAB or OCTAVE software

[l a=[39643;39643;39643;39643;39643]; ........... 1 enter the matrix into
MATLAB first single row

I o (= o 741 - ) PP 2 perform the 1% integration

0 VUS=rapz (B) oo 3 perform the 2" integration to

calculate VUS

The script to measure VUS is simple; although it involves double integrations, it is calculated
through 3 simple steps.

1- We enter the readings of the matrix obtained in the previous step in a single line. Two
square brackets are used to define the whole matrix, while a semicolon or (;) is inserted
between readings in each row, as shown above. Finally, this matrix is randomly assigned
to a letter like (a), as shown above.

2- Second, we take the first integral by the built-in function TRAPZ of the above-mentioned
matrix, as shown in the script above, and assign to the letter b.

3- Finally, the volume under the surface is measured by the built-in function TRAPZ applied
to the result of the previous step, as shown in the third line. In this line, we assigned the

output of the function to the letters VUS short of volume under the surface.

This approach is a huge simplification of one of the most complicated concepts in the field of
calculus mathematics. With the availability of modern software, we can do it through three steps.



The screenshot taken for the same steps listed in (Fig.3c) is exactly how they are written in

MATLAB software. The volume under the surface is 88 units %
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Figure 3. Shows how the readings made at the ultrasound clinic are converted into the matrix
and entered into MATLAB or OCTAVE software to measure volume under the surface or VUS.
3a. Shows how 5 readings are taken for blood speed height in the strip by the
ultrasonographic; 3b:Demonstrates the 5 X 5 square matrix whose dimensions are the same
number of readings. From them, the 3-dimensional created Doppler waves are generated; 3c:
The MATLAB software workspace is shown where measuring the volume under this newly
created surface is made via the double integral of the readings in the feed matrix through its built-
in function TRAPZ as shown in the red highlighted circle = 88.

The use of the online version of MATLAB and OCTAVE software to VUS

MATLAB software is expensive software widely used in virtually every science branch for
conducting highly professional calculations, including biological and pharmaceutical types. The
website provides a free basic online version highly compatible with the script mentioned in the
current paper. It is available at the following website after registration with an e-mail:

https://matlab.mathworks.com/ [16]

On the other hand, another free software is available to conduct the same script used, called
OCTAVE software, available in online and downloadable versions. It is completely free of charge
and compatible with all MATLAB files. It is available at the following website, which requires a
simple registration with an e-mail at the following website;

https://octave-online.net/ [17]

The sample size calculation


https://matlab.mathworks.com/
https://octave-online.net/

On the basis of the prevalence rate of PE, that is, 7%; which corresponds to a 95% confidence
level and a 5% deviation from the general population, it has been calculated that a case group

consisting of 45 patients with adequate controls would be sufficient [18].

Statistical analysis

Data normality was checked by the Shapiro-Wilk test. Continuous data were expressed as mean
and standard deviation and compared with unpaired t-student tests among the 2 study groups. A
series of linear regressions were conducted between VUS, and various variables are taken into
account in this study with the measurement of the correlation coefficient and associated P-values.
ROC curve was constructed to measure the best cut-off value for VUS between normal pregnant
women and preeclamptic women. Medclac software was used to conduct the statistical analyses.
On the other hand, the VUS of the Doppler wave was calculated by the online version of MATLAB
software and further checked by OCTAVE software, which is freely downloadable from the

internet. A P-value of <0.05 was set as significant for all tests.

RESULTS
Ninety participants were sub-grouped into two major groups (controls and PE cases) at 34 weeks
of gestation. Table 1 shows the main demographic criteria of the two study groups with their

statistical comparisons.

Table 1. Shows the main demographic characteristics of the two study groups.

variable Normal Pregnancy | Pre-eclampsia P-value
(N=45) (N=45)
Age(years) 24.89+3.07 25.45+3.50 P =0.52
BMI (Kg/m2) 28.2+0.37 29.04 +0.82 P=0.94
Systolic BP mm Hg 126.10+7.79 135.87+£26.73 P < 0.001
Diastolic BP mm Hg 72.28+7.32 103.87+11.71 P < 0.0001
UPCR mg/mg 0.17+0.04 1.68+0.83 P <0.001
Serum uric acid mg/dl | 4.55+0.51 6.45+1.8 P <0.001
Blood urea mg/dl 14.35+3.08 19.87+3.03 P < 0.0001
Platelet count/mm? 274.31+29.04 209.87+30.86 P < 0.0001
Serum Fibrinogen | 212.71+25.47 193.45+108.66 P < 0.0001
mg/dl




SGOT IU/L 22.79+8.47 50.82+9.19 P < 0.0001
SGPT IU/L 21.51+5.89 51.32+7.24 P<0.0001

AFl cm 16.37+2.73 7+2.22 P<0.0001

Fetal weight (gm) 2481.89+221.1 1654.94+288.79 P < 0.0001
Pl Umbilical Artery 1.00+0.15 1.39+0.12 P < 0.0001
RI Umbilical Artery 0.52+0.014 0.66+0.07 P < 0.0001
VUS Unit3 77.42+8.64 45.10+8.63 P < 0.0001

BP: blood pressure; UPCR: urinary protein over creatinine ratio; SGOT: serum glutamic-oxaloacetic
transaminase; SGPT Serum glutamic pyruvic transaminase; AFl: amniotic fluid index; PI: pulsatility index;

RI: resistance index; VUS: volume under the surface.

Table 2. Shows the coefficient of correlation of volume under the surface VUS versus the

demographic criteria taken in the study with the associated P-value.

Correlation variables Correlation Coefficient P- value
VUS vs Systolic BP -0.95 P<0.001
VUS vs Diastolic BP -0.98 P<0.001
VUS vs UPCR -0.84 P<0.001
VUS vs serum uric acid -0.82 P<0.001
VUS vs blood urea -0.86 P<0.001
VUS vs platelet count 0.73 P<0.001
VUS vs serum fibrinogen 0.94 P<0.001
VUS vs SGOT -0.89 P<0.001
VUS vs SGPT -0.82 P<0.001
VUS vs AFI 0.79 P<0.001
VUS vs fetal weight (34 | 0.88 P<0.001
weeks)

VUS vs PI (Umbilical artery) | -0.87 P<0.001
VUS vs RI (Umbilical artery) | -0.93 P<0.001
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VUS: volume under the surface; BP: blood pressure; UPCR: urinary protein over creatinine ratio, SGOT:
serum glutamic-oxaloacetic transaminase; SGPT Serum glutamic pyruvic transaminase; AFI: amniotic fluid

index; PI: pulsatility index, RI: resistance index.

The blood pressure, protein over creatinine ratio, liver enzymes, and hematological parameters
significantly differed among the two study groups. At the end of the Table, VUS was significantly
lower among PE cases compared to healthy controls. To have better insight regarding VUS's role
in assessing preeclampsia, a series of linear regressions in Table 2 showed the coefficient
correlation and associated P-value between VUS as the primary independent variable and various
demographic criteria taken in this study used to assess women with preeclampsia. VUS had a
strong inverse correlation with systolic and diastolic blood pressure, urinary protein over creatinine
ratio (UPCR), serum uric acid, blood urea, and liver enzymes SGOT and SGPT. All the above
correlations were statistically significant, with a P-value of <0.001. On the other hand, VUS has a
strong direct correlation with platelet counts and serum fibrinogen. In addition, VUS has a strong
inverse correlation with resistance and pulsatility indices in the fetal umbilical artery (r = (-0.93, -
0.87), P<0.001. Lastly, VUS correlates significantly with amniotic fluid index and fetal weight; r =
(0.79, 0.88), P<0.001.

Finally, to assess the predictive capability of VUS in screening for preeclampsia-associated
variables, a ROC curve was conducted with an assessment of the associated cut-off value and
associated sensitivity and specificity. The VUS equivalent to ( <66 ) unit3 is associated with
preeclampsia onset among 93.3% of women within this value range, with an associated specificity
of 92%, P-value<0.001. While women whose VUS > 66 units® may be more likely to have a

normal, uncomplicated pregnancy with well-fetal being, see Fig. 4.
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Figure 4: ROC curve showing the cut-off value < 66 unit3 is associated with a sensitivity of 93.3%
and specificity of 92.9 %; P value < 0.001.

DISCUSSION

The current study examined the value of 3-dimensional modeling of the umbilical artery Doppler
strips, VUS, in preeclampsia. The volume under the surface was found to be significantly lower in
PE cases vs. controls. Furthermore, it showed strong and meaningful correlations to all
demographic, biochemical, and ultrasonic parameters that define PE onset and severity. The
main findings are summarized in Table 3.

Preeclampsia is a serious pregnancy condition. Scientists agree on a two-stage theory. Stage |
occurs due to faulty trophoblast implantation, which causes placental hypoxia with increased
placental resistance to the blood flow coming from the fetal umbilical arteries [19]. To combat the
high resistance in PE cases, the placenta secretes many biomarkers to re-direct the blood to the
placenta and fetus in stage Il of PE [20].

Analysis showed that PE cases had significantly high blood pressure and renal and liver
biomarkers. In contrast, platelets, AFl, and EFW were significantly low in PE mothers, in

accordance with published literature [21].
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The 3D marker, VUS, had strong and meaningful correlations with all parameters that define PE
onset and severity. It was strongly correlated with blood pressure, renal parameters, liver
enzymes, and platelet counts. The reason is that the placenta in PE contradicts reduced flow by
re-directing the blood to the fetus at the expense of maternal circulation [22]. This caused a
systemic inflammatory response( causing decreased platelets) and reduced blood supply to the
pregnant main organ, manifested by the classic PE symptoms. Maternal vascular tone will be
increased, and renal and liver biomarkers will rise too [23].

In contrast, the AFI and EFW will be reduced due to lower placental perfusion, while Rl and PI
will increase in response to higher placental resistance, in line with earlier works. Doppler's indices
showed a strong correlation to VUS. This suggests that VUS may be a strong predictor of PE-

associated complications [24].

The Doppler wave mirrors increased resistance from umbilical arteries by reducing the diastolic
and systolic blood speeds in Doppler strip [6].

By re-modeling Doppler wave from the 2D curve to the 3D surface format, naturally, the volume
under this created surface will be smaller among PE women compared to normal pregnant
women. Accordingly, any maternal or fetal variable linked with PE should have an inverse
correlation with VUS of the three modeled Doppler waves, and vice versa is also true.

This was the rationale of this study: creating a new variable with a greater statistical variance or
range [25]. Thus, VUS may serve better in screening and assessing PE and its associated
complications than the currently used 2D Doppler indices. Indeed, the results obtained in this
study support this. The Doppler study has limitations in screening for placental insufficiency,

especially in fetal growth restriction [26].

Table 3. Summary of the main study finding regarding VUS and its correlation with the study

parameters.
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Volume
under

surface
(VUS)

the

Healthy 77.42+8.64
group(45/90)
Preeclampsia | 45.10+8.63
cases(45/90)

< 0.0001

VUS was
strongly
correlated
to:

Systolic and
diastolic BP,
UPCR,
serum uric
acid, blood
urea,
platelet
count,
serum
fibrinogen,
SGOT,
SGPT, AFI,
fetal weight,
Pl, and RI

<0.001

At a cut-off
value

< 66 unit3 VUS
was linked with
93.3%
sensitivity and
92.9 %; P-
value < 0.001
in
discriminating
PE cases
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Limitations and Strengths

As with any ultrasonic parameter, it depends on the operator's experience added to his own fetal
echocardiography training [27], so intra-observer differences must be acknowledged [28].
Another limitation is that it is a single-center study, in addition to the study design. A longitudinal
study would better assess the fluctuations of VUS in accordance with PE severity. Finally, we
collected most of our data during COVID-19, which implicated more than one aspect of medical
research [29, 30].

The 3D re-modeling of the Doppler wave (VUS was easy to measure by the sonographer, the
technique is easily reproducible, and it can be integrated into routine antenatal visits of pregnant
moms at no extra charge. VUS showed a significant correlation to maternal and fetal indicators in
PE with good discrimination power. The software used was downloadable and free of charge.
Moreover, Doppler studies are non-invasive and highly acceptable to pregnant mothers.

In view of the current results, we recommend further studies to explore the association of VUS
not only in prediction and evaluation but also in the prognosis of PE, response to treatment, and

possibly the implication on the neonatal and maternal outcomes.

Interpretation and comparison with other literature

In fact, there is no consensus regarding the prediction power of umbilical artery PI, and there are
demands for standardization of its value. Currently, routine screening of low-risk pregnancies by
Doppler is not advisable. It was found that Doppler did not improve the neonatal outcome or
prevent fetal demise [31].

As for high-risk pregnancies such as PE and abnormalities in placentation, Doppler was found to
have good predictive power. However, its role in diabetic cases and post-term pregnancies is
unconfirmed [32].

Studies have discussed that it is the uterine artery Pl rather than the umbilical artery PI that could

screen for PE and predict its adverse outcome [33, 34, 35].
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Others proposed that PI prediction power should be interpreted with caution. Owing to the high

false positive rate, which ranged from 10-70%, especially for late-onset PE [34,36,37].

Malhotra et al . have invented a modified biophysical profile to be added to umbilical artery
Doppler indices to improve its prediction ability. They recommended their approach to screen all
higher-risk pregnancies even in the presence of normal Doppler studies aiming for better perinatal
outcomes [38].

Zarean et al. [39] stressed taking the ratio of middle cerebral artery parameters to the umbilical
artery to gain better results. However, Akolekar et al. [40] disagree with their result. Additionally,
they discussed how maternal factors like ethnicity, parity, BMI, and gestational age affected the
values of Pl obtained through Doppler studies.

In fact, the screening of the umbilical artery has not reached the agreed level of prediction ability
among all women.

Our study has adopted a completely new approach, which may be more straight forward with a
better cost-benefit analysis via the introduction of VUS. We can understand that most physicians
are not familiar with using MATLAB. However, the approach adopted, as explained in the method
section, is practically easy, reproducible, and accurate.

Since preeclampsia imposes severe complications for the mother and her unborn fetus,

appropriate screening and risk assessment are indispensable [32][41,42].

This study has examined and validated VUS's role in PE cases. VUS was reliable in
distinguishing pregnant women with PE with 93.3% and 92.9% specificity, a P value < 0.001, and
a significant AUC of 0.97. It may guide the clinician in managing PE mothers for more vigorous
follow-up and earlier termination of pregnancy. It may affect the mode of termination, whether by
labor induction or having a lower threshold for C-section [43].

Being simple, safe, and precise are the main criteria for a screening test in practice. Some may
argue that the feasibility of this study may be limited in practice, yet we need only 3 simple steps
to measure this volume, which can be done by any doctor on any internet-connected device like
mobile, tablet, or computer, as explained in the method section.

In view of the current results, we recommend further studies to explore the association of VUS
not only in prediction and evaluation but also in the prognosis of PE, response to treatment, and

possibly the implications for neonatal and maternal outcomes.
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CONCLUSIONS

The efficacy of the 3-D VUS as a diagnostic tool in PE cases was evaluated, revealing a
statistically significant correlation with biochemical, hematological, and ultrasonic parameters
associated with PE. Furthermore, a significant correlation was observed between VUS and 2-D
Doppler indices that predicted fetal growth restriction in PE mothers. The high discriminatory
efficacy of VUS concerning the onset and severity of PE renders it a valuable parameter. The
method is simple, features a user-friendly approach, and does not entail any additional cost. It is
recommended that VUS be integrated into the anti-natal care services. Further research is

necessary to reveal potential prognostic and diagnostic applications in medical practice.
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