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Abstract: Regarding the hypertensive disorders of pregnancy, pre-eclampsia (PE) remains one of the
leading causes of severe and life-threatening maternal and fetal complications. Screening of early-
onset PE (<34 weeks of pregnancy), as well as late-onset PE (≥34 weeks), shows poor performance if
based solely on clinical features. In recent years, biochemical markers from maternal blood—the pro-
angiogenic protein placental growth factor (PlGF) and the antiangiogenic protein soluble FMS-like
tyrosine kinase 1 (sFlt-1)—and Doppler velocimetry indices—primarily the mean uterine pulsatility
index (PI), but also the uterine resistivity index (RI), the uterine systolic/diastolic ratio (S/D), uterine
and umbilical peak systolic velocity (PSV), end-diastolic velocity (EDV), and uterine notching—have
all shown improved screening performance. In this review, we summarize the current status of
knowledge regarding the role of biochemical markers and Doppler velocimetry indices in early
prediction of the onset and severity of PE and other placenta-related disorders, as well as their
role in monitoring established PE and facilitating improved obstetrical surveillance of patients
categorized as high-risk in order to prevent adverse outcomes. A sFlt-1/PlGF ratio ≤ 33 ruled
out early-onset PE with 95% sensitivity and 94% specificity, whereas a sFlt-1/PlGF ≥88 predicted
early-onset PE with 88.0% sensitivity and 99.5% specificity. Concerning the condition’s late-onset
form, sFlt-1/PlGF ≤ 33 displayed 89.6% sensitivity and 73.1% specificity in ruling out the condition,
whereas sFlt-1/PlGF ≥ 110 predicted the condition with 58.2% sensitivity and 95.5% specificity. The
cut-off values of the sFlt-1/PlGF ratio for the screening of PE were established in the PROGNOSIS
study: a sFlt-1/PlGF ratio equal to or lower than 38 ruled out the onset of PE within one week,
regardless of the pregnancy’s gestational age. The negative predictive value in this study was
99.3%. In addition, sFlt-1/PlGF > 38 showed 66.2% sensitivity and 83.1% specificity in predicting
the occurrence of PE within 4 weeks. Furthermore, 2018 ISUOG Practice Guidelines stated that
a second-trimester mean uterine artery PI ≥ 1.44 increases the risk of later PE development. The
implementation of a standard screening procedure based on the sFlt-1/PlGF ratio and uterine Doppler
velocimetry may improve early detection of pre-eclampsia and other placenta-related disorders.

Keywords: prediction; pre-eclampsia; gestational hypertension; sFlt-1/PlGF ratio; uterine Doppler;
fetal growth restriction
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1. Introduction

The way in which pregnancy may cause hypertension or aggravate pre-existing
hypertension has been proven challenging to understand, although decades of sustained
obstetrical research has focused on explaining the pathophysiology [1,2].

It is well known that hypertensive disorders affect 7–10% of all pregnancies worldwide,
representing one of the three main conditions responsible for severe maternal and fetal
morbidity and mortality, alongside hemorrhage and infection [1].

Many classification systems have been proposed for the hypertensive disorders of
pregnancy, with the first one being introduced in 1972. The actual classification was
elaborated by the American College of Obstetricians and Gynecologists in 2013. It provides
evidence-based recommendations for clinical practice, though it keeps the basic principles
of the previous classifications. It describes four types of hypertension in pregnancy, such as
gestational hypertension, pre-eclampsia and eclampsia syndrome, chronic hypertension (of
any cause), and chronic hypertension with superimposed pre-eclampsia [2].

Diagnostic criteria for gestational hypertension include at least two maternal blood
pressure values of over 140/90 mmHg measured at rest after 20 weeks of gestation in a
previously normotensive patient, with no evidence of accompanying proteinuria.

According to World Health Organization (WHO) data, the incidence of pre-eclampsia
is currently rising, affecting between 2 and 10% of pregnancies worldwide [3]. It is regarded
as a syndrome due to its multiorgan involvement. Specific criteria must be met to establish
the diagnosis—the classic diagnosis criteria include hypertension appearing after 20 weeks
of gestation and proteinuria. The occurrence of proteinuria is a consequence of systemic
endothelial dysfunction that causes, among other signs, abnormal protein excretion. Pro-
teinuria may be defined as 24-hour urine excretion of protein content of over 300 mg or
a protein/creatinine ratio ≥ 0.3 and persistent protein (dipstick 1+ or >30 mg/dL) in the
morning urine sample [1,2].

However, as it is a multisystemic disease, it is noticeable that there are some cases
in which pre-eclampsia may occur in the absence of proteinuria. In these cases, the di-
agnosis includes elevated blood pressure ≥ 140/90 mmHg, alongside multiorgan signs,
such as thrombocytopenia (platelet count < 100,000/microliter), impaired liver function
(transaminase levels in the blood elevated to twice the normal values), new onset of renal
insufficiency (serum creatinine > 1.1 mg/dL or doubling of creatinine levels without previ-
ous renal impairment), and new onset of visual and cerebral impairments, i.e., headaches,
scotomas, pulmonary edema [1,2].

Two forms of pre-eclampsia have been described: early-onset (<34 weeks) and late-
onset (≥34 weeks) pre-eclampsia [4]. Moreover, pre-eclampsia may be categorized as severe
in women who meet the basic diagnosis criteria if certain indicators of disease severity are
present, such as blood pressure of >160/110 mmHg measured at rest, the above-mentioned
multiorgan signs, or epigastric or right upper quadrant pain. Thrombocytopenia, as a
trigger of platelet aggregation and microangiopathic hemolysis, is generally regarded as
an indicator of worsening pre-eclampsia, while the occurrence of headaches and visual
impairment are predictive symptoms of eclampsia [2].

2. Pre-Eclampsia Screening

Pre-eclampsia may increase the risk of maternal, as well as fetal, morbidity and mor-
tality [2]. Adverse pregnancy outcomes consist of uncontrollable severe hypertension,
eclampsia (a life-threatening hypertensive disorder), stroke, myocardial infarction, pul-
monary edema, acute respiratory distress syndrome, HELLP syndrome, disseminated
intravascular coagulation, severe renal failure, retinal lesions, abruptio placentae, intra-
partum fetal demise, fetal growth restriction, and pre-term birth, as well as long-term
neonatal morbidities, such as cerebral palsy and chronic pulmonary hypertension of the
newborn [5–7]. The risk of patients experiencing these complications is greater in severe
and early- onset forms of pre-eclampsia [8].
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Certain anamnestic factors, as well as clinical factors, are known to increase the risk
of pre-eclampsia. Anamnestic factors include having a first-degree relative with medical
history of the disorder, previous pregnancy complicated by pre-eclampsia, and personal
history of thrombophilia, while predisposing clinical factors are represented by multife-
tal gestation—triplet gestation carries an increased risk compared to twin gestation—as
well as in vitro fertilization, advanced maternal age (over 40 years), diabetes mellitus
type I or II, obesity with a BMI > 35 kg/m2, pre-existing chronic hypertension or chronic
kidney disease, autoimmune disease such as systemic lupus erythematosus, signifi-
cantly increased serum uric acid levels (more than 1.5 times higher than normal after
20 weeks of gestation), and the more recently described serum uric acid-to-creatinine
ratio, which is significantly higher in all three trimesters among pregnant women who
later develop pre-eclampsia [2,9–11].

However, it is of the utmost importance to note that the vast majority of pre-eclampsia
cases affect healthy nulliparous women with none of the clinical factors mentioned above.
Therefore, the prediction of pre-eclampsia using clinical factors has shown poor predictive
value, with a 37% detection rate for early-onset pre-eclampsia and a 29% detection rate for
late-onset pre-eclampsia [2].

As pre-eclampsia remains one of the main causes of severe and life-threatening ma-
ternal and fetal complications, there is a need for more reliable and accurate prediction
tests. In order to early predict or diagnose the condition, biochemical markers, as well as
Doppler velocimetry indices, have been evaluated in multiple studies in recent years. More
than 10,000 articles concerning screening strategies for pre-eclampsia have been published
on PubMed, illustrating the great interest in this topic [12].

3. Prediction and Clinical Management of Pre-Eclampsia and Other Adverse
Pregnancy Outcomes Using the sFlt-1/PlGF Ratio

The pathogenesis of pre-eclampsia is complex and not entirely explained. Alteration
of the normal structure of maternal spiral arteries, the lumen of which becomes abnormally
narrow, leads to placental hypoperfusion and endothelial dysfunction. The subsequent
placental dysfunction creates an imbalance between the abnormally increased levels of
antiangiogenic factors and abnormally low levels of pro-angiogenic factors. Specifically,
the roles played by two angiogenic factors—soluble fms-like tyrosine kinase 1 (sFlt-1),
which is an antiangiogenic protein, and placental growth factor (PlGF), which is a pro-
angiogenic protein—has been extensively researched in the recent literature, with relevant
data generated regarding their ability to predict pre-eclampsia, as well as intrauterine
growth restriction, pre-term delivery, and stillbirth [13]. While sFlt-1 acts as an antagonist
of vascular endothelial growth factor, thus impairing normal vascular growth and prolifer-
ation, PlGF displays pro-angiogenic effects, enhancing the activity of vascular endothelial
growth factor [14,15].

Increased sFlt-1 values and decreased PlGF levels in maternal blood can be used
to predict later development of pre-eclampsia during pregnancy. The imbalance of the
two angiogenic biomarkers typically predicts de novo pre-eclampsia and is not specific
to chronic hypertension with superimposed pre-eclampsia [16]. sFlt-1 values start to in-
crease 4–5 weeks before the onset of pre-eclampsia, whereas PlGF values begin to decrease
9–11 weeks before the clinical onset. Moreover, the sFlt-1/PlGF ratio had better accuracy
than the individual markers used for the prognosis of the disease. The main reason for
this variation is that PlGF alone may show such low values in severe or early-onset pre-
eclampsia that they cannot be determined via commercial PlGF kits [17]. This ratio is
regarded as an effective tool for physicians to use to enable early identification pregnancies
at high risk of pre-eclampsia, thus enabling closer monitoring of these patients from an
early stage of the pregnancy. The sFlt-1/PlGF ratio has been used to implement strategies
for first-trimester screening of patients at risk of developing early-onset pre-eclampsia, who
consequently receive prophylaxis with low-dose acetylsalicylic acid. Additionally, sFlt-
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1/PlGF ratio values are determined in the second trimester with the purpose of predicting
late-onset pre-eclampsia, showing promising results [18].

4. Prediction and Clinical Management of Pre-Eclampsia and Other Adverse
Pregnancy Outcomes Using Doppler Velocimetry Indices

As mentioned earlier in this paper, the pathogenesis of pre-eclampsia is complex and
not entirely explained. Defective placentation leads to abnormal narrowing of the spiral
arteriolar lumen, leading to impairment of the placental blood flow. Moreover, abnormal
trophoblastic invasion of uterine vessels increases the resistance to flow within the
uterine arteries, which may result in an abnormal waveform aspect, increased resistivity
(RI), or pulsatility (PI) indices and the persistence of a unilateral or bilateral diastolic
notch (Figure 1 right) [2,5].
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Figure 1. Transabdominal Doppler ultrasound examination of the uterine artery at 23 weeks of
gestation. Left-normal pregnancy; PI value: 0.96 (within normal range). Right-pathological pregnancy
in the case of a woman who later developed early-onset PE; severely increased uterine PI (1.58) and
the presence of an early diastolic notch can be noticed. Legend for Figure 1: PE = pre-eclampsia,
PI = pulsatility index.

Thus, a lot of emphasis has been put on the effectiveness of using uterine artery
Doppler to screen pre-eclampsia. Uterine Doppler is regarded as a better predictor of early-
onset pre-eclampsia than the late-onset form [2].

5. Uterine Artery Doppler—Technique and Reference Parameters

According to 2018 ISUOG Practice Guidelines, the pulsatility index should be the first
parameter assessed in the context of pre-eclampsia screening. In the first trimester, mainly
during the 11–14 weeks of gestation, uterine artery PI values > 90th centile predict 48% of
early-onset pre-eclampsia cases and 26% of total pre-eclampsia cases. Besides PI, uterine
artery notching, which is a marker of endothelial dysfunction, has also been assessed, but
it appears to be relatively common in pregnancy (43% of normal pregnancies in the first
trimester); therefore, mean uterine artery PI remains the gold-standard Doppler parameter
in pre-eclampsia screening [12].

As in the first trimester, mean uterine artery PI should be assessed in the second
trimester, with the purpose of predicting pre-eclampsia in high-risk women based on
clinical factors. At 23 weeks, the 95th centile of the uterine artery PI obtained via trans-
abdominal ultrasound has been established as 1.44. It decreases by 15% between 20 and
24 weeks and by <10% between 22 and 24 weeks. In transvaginal examination, uterine
PI values are always higher than those measured transabdominally. The 95th centile of
the uterine PI in the transvaginal approach has been reported to be 1.55 [12]. The normal
Doppler values of the uterine artery PI in the first, second, and third trimesters are reported
to be 1.84 ± 0.55, 1.07 ± 0.38, and 0.78 ± 0.23, respectively [19].
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First-trimester transabdominal Doppler evaluation of the uterine artery is per-
formed by obtaining a sagittal section of the uterus and cervix. Color flow should be
activated, and the transducer is moved sideways until the uterine arteries are visualized
on the left and right sides of the uterus and cervix. The sampling gate should be set
at 2 mm and placed as close to the internal cervical as possible. The insonation angle
should be maintained < 30◦. A minimum of three identical consecutive waveforms
should be recorded before PI measurement [12]. Second-trimester uterine artery Doppler
evaluation using a transabdominal approach is performed by placing the 3.5-megahertz
transducer in the right and left iliac fossae oriented toward the lateral walls of the uterus
and the pelvis. The uterus and cervical canal should be visualized in a sagittal section.
The location of the placenta should be noticed. After activation of the color flow mode,
the transducer is moved sideways (without changing the medial angulation) until the
uterine artery is observed as it crosses the external iliac artery. The sampling gate should
be set at 2 mm and placed on the uterine artery at a distance of 1 cm distal from the
point at which the external iliac artery crosses the uterine artery. The uterine artery
is identified at the crossover with the right external iliac artery. The insonation angle
should be maintained <50◦. PI values are measured after recording at least three identical
consecutive waveforms (Figure 1) [12,20].

6. Other Vascular Structures Evaluated in the Pregnancy Follow-Up—Doppler
Technique and Reference Parameters

Color Doppler ultrasound (CDUS) is a non-invasive, radiation-free, and practical
method of pregnancy surveillance. Umbilical and middle cerebral arteries (MCA) should
be examined in both normal and pathological pregnancies, especially in those women
affected by hypertensive disorders, in order to document any possible fetal sufferance as
early as possible.

The second-trimester ultrasound evaluation of the umbilical artery consists of the
following steps: after the visualization of an uncompressed loop of the umbilical cord, the
color flow mode is activated, and the sampling gate should be set at 1–2 mm, to ensure that
only the targeted section of the umbilical artery is examined; the angle of insonation should
be kept as low as possible; the assessment should be performed in the absence of fetal
movement or breathing; and after obtaining at least three consecutive identical waveforms,
PI and RI values should be recorded [21]. In normal circumstances, the umbilical artery
PI decreases from 1.27 to 0.69, whereas umbilical RI decreases from 0.75 to 0.6 due to the
normal increase in diastolic blood flow during fetal development [22].

The fetal MCA is the cerebral vessel most easily assessed via ultrasound. The main
part of the fetal cerebral blood flows through it. The two most commonly assessed
parameters of MCA blood flow are the peak systolic velocity (PSV) and RI. However,
the evaluation should also include the PI and cerebroplacental ratio (CPR). Doppler
evaluation of the fetal MCA should start with a transverse section of the head at the level
of the sphenoid bones. The thalamus and cavum septum pellucidum are also landmarks
in an appropriate section. The color Doppler mode should be activated, and the MCA
originating from circle of Willis should be visualized. MCA should be recorded along
its entire length. The sampling gate should be set at 1–2 mm and placed as close to the
origin of MCA from the circle of Willis as possible. The angle of insonation should be
maintained < 30◦. The evaluation has to be performed in the absence of fetal movement
or breathing. After obtaining at least three minimum waveforms, PSV is calculated
based on the highest waveform, while PI and RI are usually automatically assessed via
the device. CPR is obtained by dividing the Doppler parameters RI and PI of the MCA
by those of the umbilical arteries. CPR values < 1 are considered to be abnormal. PSV
values normally increase with gestational age. To evaluate a pathological increase in
PSV, conversion to values of multiples of median (MoM) may be required [21].

The aim of this paper is to perform a comprehensive review of the current research
regarding the roles of the biochemical markers sFlt-1 and PlGF and Doppler velocimetry
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in the prediction and monitoring of early- and late-onset preeclampsia, gestational hyper-
tension, and other placenta-related disorders. At the same time, this paper also highlights
the added value brought by the sFlt-1/PlGF ratio or uterine Doppler velocimetry markers
in the prediction and management of hypertensive disorders of pregnancy among high-
risk women compared to judgement only based on clinical criteria. For this purpose, an
extensive analysis of articles published between 2009 and 2023 in the PubMed database has
been performed, including the following search terms: “prediction”, “preeclampsia”, “fetal
growth restriction”, “sFlt-1/PlGF”, and “uterine Doppler”. The present paper primarily
focuses on publications from the last six years.

7. Relevant Data from the Recent Literature Regarding the Value of the
sFlt-1/PlGF Ratio

The assessment of the sFtl-1/PlGF ratio performance in the prediction of hypertensive
disorders in pregnancy proved to be a central focus of recent studies. Among these foci,
some of the studies only evaluated the reliability of the two biomarkers for the screening and
monitoring of preeclampsia, while others took into account sFlt-1/PlGF’s role in predicting
intrauterine growth restriction as a complication of pregnant patients with preeclampsia.
Meanwhile, two studies focused on sFlt-1/PlGF ratio’s role as a reliable parameter that
enables the accurate delineation of preeclampsia from the other hypertensive disorders.

Verlohren [23] conducted one of the first studies to implement gestational age-dependent
cut-offs for the sFlt-1/PlGF ratio as a prognostic tool for PE: sFlt-1/PlGF ≤ 33 ruled out
early-onset pre-eclampsia with 95% sensitivity and 94% specificity, whereas sFlt-1/PlGF ≥ 88
predicted early-onset pre-eclampsia with 88.0% sensitivity and 99.5% specificity. Concern-
ing the late-onset form, sFlt-1/PlGF ≤ 33 displayed 89.6% sensitivity and 73.1% specificity
in ruling out the condition, whereas sFlt-1/PlGF ≥ 110 predicted the condition with 58.2%
sensitivity and 95.5% specificity.

The PROGNOSIS study (Prediction of Short-Term Outcome in Pregnant Women
with Suspected Pre-Eclampsia Study), which was a major prospective clinical trial, es-
tablished cut-off values of the sFlt-1/PlGF ratio for the screening of preeclampsia: a
sFlt-1/PlGF ratio ≤ 38 ruled out the onset of pre-eclampsia within one week, regardless
of the gestational age. The negative predictive value in this study was 99.3%. In addi-
tion, sFlt-1/PlGF > 38 showed 66.2% sensitivity and 83.1% specificity in predicting the
occurrence of pre-eclampsia within 4 weeks [24]. The cut-off values established in the
PROGNOSIS study proved a similar performance of prediction in the PROGNOSIS Asia
study, where the negative predictive value of sFlt-1/PlGF ≤ 38 in terms of ruling out pre-
eclampsia within one week was 98.6%. Furthermore, significantly higher sFlt-1/PlGF
values could be noticed in case of patients who developed pre-eclampsia at any time
during pregnancy compared to the control (45.5 vs. 6.6), among patients who developed
fetal adverse outcomes compared to the control within 1 and 4 weeks (148.9 vs. 7.4 and
86.9 vs. 6.3, respectively), and in women with pre-term delivery (<37 weeks) compared
to term delivery among both early-onset and late-onset preeclampsia. sFlt-1/PlGF above
the cut-off of 38 was also a predictive marker of shorter pregnancy duration, though it
was independent of preeclampsia diagnosis [25].

Moreover, Stepan et al. [26] established additional cut-off values requiring intensive
obstetrical monitoring: a sFlt-1/PlGF ratio > 85 is suggestive of a high risk of early-onset
pre-eclampsia or placenta-related disorders, while a sFlt-1/PlGF ratio > 110 may be used
as a predictor of late-onset pre-eclampsia or placenta-related disorders. sFt-1/PlGF ratio
values between 38 and 85 rule out current pre-eclampsia but indicate the pregnancy carries
high risk of early-onset preeclampsia development within the next four weeks, whereas
values between 38 and 110 increase the risk of developing late-onset preeclampsia within
the next four weeks.

Zeisler et al. [27] used a post hoc analysis of the PROGNOSIS study to assess whether
the sFlt-1/PlGF ratio cut-off ≤ 38, which has been previously known to rule out pre-
eclampsia onset within one week, could effectively rule out pre-eclampsia in two, three,
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and four weeks after measurement. For this purpose, the sFlt-1/PlGF ratio was determined
four times during pregnancy: at the baseline and after two, three, and four weeks. The
median difference in sFlt-1/PlGF values was significantly higher (p < 0.001) at 2, 3 and
4 weeks in the case of patients who developed pre-eclampsia compared to the control
group. For example, the median difference at two weeks compared to baseline was 1.40
for the control group, whereas women who developed pre-eclampsia recorded a median
difference of 21.22. The authors obtained excellent negative predictive values (97.9% at
2 weeks, 95.7% at 3 weeks, and 94.3% at 4 weeks), thus proving that the sFlt-1/PlGF ratio
threshold ≤ 38 is a reliable indicator of ruling out pre-eclampsia for up to four weeks in the
case of women with suspected pre-eclampsia based on protocol-defined criteria. Moreover,
they proved that repeated determination of the biomarkers after 2, 3, and 4 weeks allowed
better risk stratification and helped clinicians in the decision-making process.

Cerdeira, during the INSPIRE study [28], used a sFlt-1/PlGF cut-off value of 38 to
classify a low risk (≤38) and high risk (>38) of developing pre-eclampsia within the next
week after determination of the markers. Authors showed that sFlt-1/PlGF significantly
improved the precision in predicting pre-eclampsia compared to clinical practice alone
(100% sensitivity vs. 83% sensitivity and 100% negative predictive value vs. 97.8% negative
predictive value, respectively). The post hoc analysis of the INSPIRE trial [29] proved that
the cut-off of 38 was modest in predicting pre-eclampsia occurrence within 4 weeks, but a
sFlt-1/PlGF ratio ≥ 85 had a significant effect on the precision of ruling-in the condition
within the next 4 weeks, having a 71.4% positive predictive value.

Another study conducted by Caillon et al. [30], a prospective study including 67 women
with ongoing pregnancy between 20 and 37 gestational weeks who presented at least one
risk factor for pre-eclampsia found a significant difference (p = 0.01) between the mean
sFlt-1/PlGF values of 32 ± 25 for women who did not develop the disease, whereas for
women who later developed pre-eclampsia, the mean sFlt-1/PlGF values were 69 ± 13.
Consequently, the authors proved that sFlt-1/PlGF can be applied to rule out pre-eclampsia
in a specific population of high-risk patients, accurately separating high-risk patients
who require intensive monitoring and high-risk patients for whom hospitalization was not
necessary, despite having a risk factor. It is worth mentioning that three patients included in
this study, whose sFlt-1/PlGF ratios were above 38, were not categorized as pre-eclamptic,
despite presenting an atypical form of pre-eclampsia without proteinuria.

STEPS study, which was a major prospective study involving 729 patients at 10 sites in
Spain and conducted by Perales et al. [31], also included women with one risk factor of pre-
eclampsia, as did Caillon et al.. They found higher median sFlt-1/PlGF values at 20 weeks
of pregnancy in women who developed early-onset pre-eclampsia (14.5) compared to the
control group (7). Furthermore, the ratio values increased to 18.4 at 24 weeks and to 51.9 at
28 weeks in case of the patients who developed early-onset pre-eclampsia, whereas women
from the control group displayed minimal change in median sFlt-1/PlGF values between
20 and 28 weeks, being <7. Resultantly, there was a significant difference (p < 0.001) in
values at all three timepoints between women with early-onset pre-eclampsia and the
control. Moreover, patients with early-onset pre-eclampsia showed significantly increased
sFlt-1/PlGF at 20, 24, and 28 weeks compared to patients with late-onset pre-eclampsia or
chronic and gestational hypertension. Only at 28 weeks of pregnancy could a significant
statistical difference in the sFlt-1/PlGF ratio between women with late-onset pre-eclampsia
and the control group be obtained. Perales et al. implemented a prediction model for
early-onset pre-eclampsia centered on sFlt-1/PlGF values.

In a multicentric study, Diguisto [32] found significantly lower PlGF levels at
11–13 weeks among patients who later developed pre-eclampsia compared to the con-
trol (37.11 vs. 57.69 pg/mL, p < 0.001). On the other hand, no statistically significant
differences in sFlt-1 values could be emphasized (p = 0.27). However, due to the differences
in PlGF levels, the sFlt-1/PlGF ratio was also significantly increased among pregnancies
complicated by pre-eclampsia (33.4 vs. 20.6, p < 0.001).
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Additionally, sFlt-1/PlGF may be used to predict the severity of pre-eclampsia and
certain adverse perinatal outcomes. Soundararajan et al. [33] conducted a study involving
50 high-risk third-trimester patients and categorized the prognoses into three classes based
on sFlt-1/PlGF ratio values: low risk for values < 33, intermediate risk for values between
33 and 85, and high risk for values > 85. Patients with a sFlt-1/PlGF ratio > 85 carry a
significant risk (p < 0.001) of developing severe pre-eclampsia (90.9% compared to 8% in
case of women with sFlt-1/PlGF < 33) associated with pre-term birth (32.6 weeks compared
to 37.4 weeks in case of women classified as being at low risk). Moreover, Tan et al. [34]
showed that the combination of the sFlt-1/PlGF ratio and maternal risk factors displayed
similar screening performance at 31–34 weeks for the prediction of delivery within the next
four weeks due to pre-eclampsia as using sFlt-1/PlGF alone. On the other hand, combining
sFlt-1/PlGF ratio with maternal risk factors showed superior performance in the prediction
of delivery due to pre-eclampsia four weeks after the assessment.

Herraiz et al. [35] conducted an extensive study of more than 5000 singleton preg-
nancies, determining the sFlt-1/PlGF ratio at 24–28 weeks of pregnancy in case of women
previously categorized as being at high-risk of developing pre-eclampsia based on clin-
ical findings and uterine artery Doppler. They reported 100% sensibility and 80.6%
specificity of the sFlt-1/PlGF ratio > 95th centile, when measured at 24–28 weeks, for
the prediction of early-onset pre-eclampsia with intrauterine growth restriction. The
authors found the sFlt-1/PlGF ratio ≥ 85 to be optimal at predicting pre-eclampsia or
intrauterine growth restriction requiring delivery before 32 weeks. Beyond 32 weeks,
sFlt-1/PlGF’s (measured at 24–48 weeks) ability to predict pre-eclampsia or intrauterine
growth restriction decreased. However, the likelihood ratio remained five times higher
if sFlt-1/PlGF values were > 95th centile.

In another study, Ciciu et al. [36] found the sFlt-1/PlGF ratio to be reliable in terms
of determining the diagnosis of pre-eclampsia and distinguishing established between
pre-eclampsia and uncomplicated gestational hypertension: mean sFlt-1/PlGF values in
cases already carrying a diagnosis of pre-eclampsia were 209.2 (with a standard deviation
of 138.77) compared to recorded mean values of 46.08 (standard deviation 17.37) in the
gestational hypertension group and just 3.9 in the control group (standard deviation
0.3). The differences in the sFlt-1/PlGF ratio between the three groups were statistically
significant (p < 0.001). In addition, statistically significant differences were recorded in the
median sFlt-1/PlGF values between women with early-onset pre-eclampsia and women
with early-onset gestational hypertension. Regarding the severity of pre-eclampsia, sFlt-
1/PlGF ratio proved to be a reliable indicator of differentiating between the mild form
(median ratio 77) and the severe form (median sFlt-1/PLGF ratio 303). Another interesting
finding of the study is that based on sFlt-1/PlGF values, the risk of developing severe
pre-eclampsia is 5625 times higher in patients with early-onset pre-eclampsia than those
with late-onset pre-eclampsia.

Yang et al. [37] also stated that a distinction between pre-eclampsia and other forms
of hypertensive disorders in pregnancy can be performed based on sFlt-1/PlGF values.
In addition, authors found a ratio cut-off of 85 for severe pre-eclampsia with adverse
outcomes, such as pre-term delivery. On the other hand, when Nikuei et al. [38] assessed
the ability of sFlt-1/PlGF to differentiate between different forms of pre-eclampsia, they
found no statistical difference in sFlt-1/PlGF levels between mild and severe forms of
pre-eclampsia (p = 0.389) or the early- and late-onset forms of pre-eclampsia (p = 0.503).
Significant differences regarding sFlt-1/PlGF values were obtained, however, between the
early-onset form and the controls, as well as between the late-onset form and the controls
(p < 0.001).

Leanos-Miranda [39] classified women who were already diagnosed with pre-eclampsia
based on clinical factors into three groups based on the severity of angiogenic imbalance:
no angiogenic imbalance if sFlt/PlGF ≤ 38, mild angiogenic imbalance if the ratio recorded
values between 38 and 85, and severe angiogenic imbalance for sFlt-1/PlGF values ≥ 85.
Rates of pre-term delivery, delivery within 14 days, and delivery of a baby small for its
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gestational age (SGA) infant were reported to be significantly higher among patients with
severe angiogenic imbalance than patients with mild and no imbalance (p < 0.001), as well
as higher among patients with mild imbalance than those with no imbalance (p ≤ 0.01).
Furthermore, HELLP syndrome occurred only in women with severe imbalance. In another
study, Baltajian [40] included patients diagnosed with pre-eclampsia and determined sFlt-
1/PlGF values daily for the first three days, and then on a weekly basis until delivery. Thus,
the authors established a relationship between sFlt-1/PlGF values and the number of days
until delivery: for sFlt-1/PlGF values ≥ 85, the mean number of days until delivery was 6,
while for sFl-1/PlGF values < 85, the mean number of days until delivery was 14 (p < 0.01).
In addition, patients who presented adverse outcomes recorded significantly elevated
median sFlt-1/PlGF values compared to those without adverse outcomes (205.9 vs. 47.5,
p < 0.001).

Peguero [41] studied the relationship between longitudinal changes in the angio-
genic proteins levels at admission and before delivery and the occurrence of adverse
outcomes among patients with severe early-onset pre-eclampsia. The authors found that
median longitudinal changes in sFlt-1 for pregnancies with confirmed early-onset pre-
eclampsia were significantly increased among women who developed adverse outcome
(1047 vs. 342 pg/mL/day or 8.2% vs. 2.6% daily increase, p = 0.04). Garcia-Manau [42]
focused on the sFlt-1/PlGF ratio in the assessment of fetal growth restriction, discovering
that median sFlt-1/PlGF values increased alongside the severity of fetal growth restriction
and established a negative correlation between sFlt-1/PlGF ratio values and gestational
age at the moment of delivery. Droge [43] showed, in a retrospective study, a similar pat-
tern with a significant shorter time until delivery for high- and intermediate-risk patients
with suspected pre-eclampsia based on sFlt-1/PlGF values (> 85 and 38–85, respectively)
compared to low-risk women (cut-off < 38). Moreover, patients with adverse outcomes
displayed significantly higher sFlt-1/PlGF values (177 vs. 14 for no adverse outcome).
In a similar manner, Jeon [44] classified women with suspected pre-eclampsia into three
groups based on sFlt-1/PlGF ratio: low-risk (< 38), intermediate-risk (38–85), and high-risk
(> 85) women. The authors reported significantly lower gestational age at delivery among
high-risk patients (32 weeks vs. 35.79 weeks for the low-risk group, p < 0.001), as well as a
significantly higher prevalence of fetal growth restriction (< 10th centile: 75.6% vs. 10.5%,
p = 0.023) and a significantly longer period of stay in the neonatal intensive care unit among
the high-risk group (p = 0.003). Consequently, the authors regarded sFlt-1/PlGF as a useful
indicator of pre-eclampsia severity and a reliable prognostic marker.

Ciobanu [45] found only a marginal and non-significant improvement in the prediction
of delivery of a SGA neonate when adding the sFlt-1/PlGF ratio, mean uterine PI, and fetal
MCA PI to fetal biometry and maternal factors at 35–37 weeks compared to the prediction
performance only based on fetal biometry and maternal factors.

An extensive study conducted by Gaccioli [46] reported a particularly strong as-
sociation between the sFlt-1/PlGF ratio being > 5.78, as determined at 28 weeks, and
pre-eclampsia with pre-term delivery in case of SGA infanta compared to pre-eclampsia
with pre-term delivery in non-SGA infants (AUC 0.95 vs. AUC 0.66 at 95% CI). A strong
association was obtained between sFlt-1/PlGF values > 38 measured at 36 weeks and term
delivery of a SGA infant with maternal pre-eclampsia (AUC 0.95 vs. AUC 0.77 at 95% CI).
Moreover, the combination of the sFlt-1/PlGF ratio > 5.78 and ultrasonic estimated fetal
weight under the tenth centile doubled the positive predictive value of pre-term delivery
of a SGA infant compared to screening only performed via ultrasound at 28 and 36 weeks.

In addition, regarding the sFlt-1/PlGF ratio and pre-term delivery, Heimberger [47]
studied a population of patients diagnosed with chronic hypertension, reporting that
women with elevated sFlt-1/PlGF ratio values (≥ 85) presented a significantly higher
prevalence of pre-term delivery at < 34 weeks (40.5% vs. 7.7%, p < 0.001) and < 37 weeks
(64.9% vs. 20.5%, p < 0.001), as well as significantly lower gestational age at delivery
(34.7 vs. 38.2 weeks, p < 0.001), than women who displayed low sFlt-1/PlGF ratio values
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(<85). Moreover, women with sFlt-1/PlGF ≥ 85 were exposed to a significantly higher
risk of developing superimposed or severe pre-eclampsia.

In a more recent paper, Gaccioli [48] found that the triggers responsible for increas-
ing the sFlt-1/PlGF ratio are different in pre-eclampsia than fetal growth restriction: in
pre-eclampsia, sFlt-1 displays increased concentrations in the placenta, leading to the
elevated sFlt-1/PlGF ratio, whereas in fetal growth restriction, reduced placental expres-
sion of PlGF causes the elevated sFlt-1/PlGF ratio. Moreover, among patients already
diagnosed with early fetal growth restriction (<32 weeks), Palma Dos Reis [49] demon-
strated that sFlt-1/PLGF values > 85 measured when the diagnosis was established were
associated with a shorter time until delivery (1.9 ± 1.52 weeks vs. 5.7 ± 3.2 weeks for
sFlt-1/PlGF ≤ 85), as well as higher prevalence of fetal demise, albeit independently
of pre-eclampsia.

Notably, sFlt-1/PlGF ratio < 38 demonstrated value in ruling out pre-term delivery
within the next two weeks due to pre-eclampsia among twin pregnancies (median 98.9 for
one week, 84.2 for two weeks vs. 23.5 for control, p < 0.001), having a negative predictive
value of 98.8% for delivery within one week and a negative predictive value of 96.4% for
delivery within two weeks from the assessment [50].

More insight into the ability of the sFlt-1/PlGF ratio to predict superimposed pre-
eclampsia and adverse fetal outcomes was provided by Binder [51], who stated that women
who developed superimposed pre-eclampsia within one week or later during pregnancy
had significantly higher sFlt-1/PlGF values than women with chronic hypertension (114.5
for one week, 41.1 for later development of pre-eclampsia, and 4.7 for chronic hypertension,
p < 0.001 for both). Moreover, women in whom sFlt-1/PlGF values were above the 97.5th
centile were exposed to an increased risk of adverse perinatal outcomes, such as pre-term
delivery at < 37 weeks or stillbirth (21.9% vs. 3.2% for control, p < 0.001).

The PEACOCK study [52], which was a recent major multicentric research including
thirty six maternity units, proved that the angiogenic biomarkers did not help in the
prediction of complications requiring delivery among patients diagnosed with late-onset
pre-eclampsia (34–36 weeks and 6 days)—the reported negative predictive value was only
71.4%, while the specificity was 8.4%.

The main relevant studies that focus on the role of sFlt-1/PlGF ratio in the prediction
and management of preeclampsia and other hypertensive disorders of pregnancy have
been summarized in Table 1.

Table 1. Data from the recent literature regarding sFlt-1/PlGF role in the prediction and follow-up of
preeclampsia and adverse perinatal morbidity.

Nr. Authors Study Type N Objective Conclusion

1 Verlohren,
2014 [23]

Prospective,
multicentric 877

To establish gestational age-dependent
cut-offs for the use of sFlt-1/PlGF ratio as a
prognostic tool for PE

For early-onset PE, the sFlt-1/PlGF ratio ≤ 33 had
the highest likelihood of a negative test, whereas
values ≥ 85 had the highest likelihood of a
positive test. For late-onset PE, the cut-offs were
≤33 and the rule-out and rule-in were ≥110 PE.

2
Zeisler, 2016—
PROGNOSIS
study [24]

Prospective,
multicentric 1050

To assess if a low sFlt-1/PlGF ratio (at or
below a cut-off) predicts the absence of PE
within 1 week and whether a high ratio
(above the cut-off) rules in PE within
4 weeks

sFlt-1/PlGF ≤ 38 ruled out PE within one week,
regardless of gestational age, in women with
clinically suspected PE (NPV 99.3%).
sFlt-1/PlGF > 38 predicts PE occurrence within
4 weeks and a shorter time until delivery.

3
Bian, 2019—
PROGNOSIS
Asia study [25]

Prospective,
multicentric 764

To assess the value of a sFlt-1/PlGF ratio
for ruling out PE within 1 week
To evaluate the predictive value of the ratio
for fetal adverse outcomes

sFlt-1/PlGF ≤ 38 ruled out PE within one week
with a similar performance as that of compared to
PROGNOSIS study (NPV 98.6%).
sFlt-1/PlGF was also a predicitve marker of PE at
any time during pregnancy, as well as fetal
adverse outcomes, shorter pregnancy duration,
and pre-term delivery.
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Table 1. Cont.

Nr. Authors Study Type N Objective Conclusion

4 Zeisler, 2019
[26]

Prospective,
multicentric 550

To assess the predictive value of the
sFlt-1/PlGF ratio to rule out the onset of PE
within 4 weeks in patients with
suspected PE
To assess the value of
repeated measurements

In women with a sFlt-1/PlGF ratio of ≤38, PE can
be ruled out for up to 4 weeks with a NPV
of ≥94%.
Retesting 2 or 3 weeks after the initial test
improves risk stratification and decision-making.

5
Cerdeira,
2019—INSPIRE
study [28]

Prospective,
monocentric 370

To assess the sFlt-1/PlGF ratio’s ability to
detect PE in daily clinical practice in cases
of high-risk women

sFlt-1/PlGF ≤ 38 (low risk)/ > 38 (high risk) rules
out/in PE within one week with better sensitivity
and specificity than clinical practice alone,
significantly improving clinical precision.

6 Caillon, 2018
[30]

Prospective,
monocentric 67

To evaluate the routine use of the
sFlt-1/PlGF ratio in a population of
high-risk patients to predict PE

A cut-off < 38 for the sFlt-1/PlGF ratio is reliable
for ruling out PE within 4 weeks (NPV 100%)

7
Perales,
2017—STEPS
study [31]

Prospective,
multicentric 819

To evaluate the sFlt-1/PlGF ratio as a
predictive marker of early-onset PE in
women at risk of PE

Early-onset PE: the sFlt-1/PlGF ratio measured
between 20 and 28 weeks can improve prediction
for women at risk.
Late-onset PE: Only sFlt-1/PlGF measured at
28 weeks improves prediction.

8 Jeon, 2021 [44] Prospective,
monocentric 73

To assess sFlt-1/PlGF’s usefulness in terms
of predicting adverse pregnancy outcomes
in PE

sFlt-1/PlGF ≥ 85 (high-risk) predicted pre-term
birth, reduced neonatal weight, and the need for
neonatal intensive care.

9 Diguisto,
2017 [32]

Prospective,
multicentric 226

To evaluate the accuracy of angiogenic
biomarkers in the first trimester for PE
screening in a high-risk population

PlGF and the sFlt-1/PlGF ratio are useful
first-trimester markers involved in the prediction
of PE.

10
Soundararajan,
2021—ROBUST
study [33]

Prospective,
monocentric 50

To evaluate if sFlt-1/PlGF may be used to
predict the severity of PE among women at
high risk

Patients with a sFlt-1/PlGF ratio > 85 carried a
significant risk of developing severe PE associated
with pre-term birth.

11 Tan, 2017 [34] Prospective,
monocentric 8063

To estimate at 31–34 weeks of gestation the
patient-specific risk of PE via a
combination of maternal characteristics
and the sFlt-1/PlGF ratio
To compare the performance of screening
to that achieved only using the
sFlt-1/PlGF ratio

Similar performance at 31–34 weeks in predicting
delivery within the next four weeks due to PE
between the combination and sFlt-1/PLGF alone.
The combination displayed superior performance
in the prediction of delivery due to PE four weeks
after the assessment.

12 Ciciu, 2023 [36] Prospective,
monocentric 127

To assess the clinical utility of the
sFtl-1/PIGF ratio in determining the
diagnosis and severity of PE

sFlt-1/PlGF values may help differentiate between
mild forms and severe forms of PE.
sFlt-1/PlGF values can discriminate between PE
and gestational hypertension.

13 Nikuei, 2020
[38]

Prospective,
monocentric 58 To evaluate diagnostic accuracy of the

sFlt-1/PlGF ratio for different forms of PE

The sFlt-1/PlGF ratio showed higher accuracy in
terms of differentiating between PE and non-PE
patients than for differentiating between severe or
early-onset forms of PE.

14
Leanos-
Miranda, 2020
[39]

Prospective,
monocentric 810

To compare outcomes according to the
degree of angiogenic imbalance, as
assessed based on the levels of sFlt-1/PlGF
in patients already diagnosed with PE
(severe imbalance: ratio ≥ 85, mild
imbalance: ratio 39–84, no imbalance:
ratio ≤ 38)

Rates of pre-term delivery, delivery within 14 days,
and delivery of a SGA infant were significantly
higher among patients with severe angiogenic
imbalance than patients with mild and no
imbalance and among patients with mild
imbalance vs. no imbalance. HELLP syndrome
occurred only in the severe imbalance group.

15 Baltajian,
2016 [40]

Prospective,
monocentric 100

To analyze sequential levels of plasma
angiogenic factors among patients
admitted due to PE

sFlt-1/PlGF ≥ 85 predicted a shorter time to
delivery than sFlt-1/PlGF < 85 (6 days vs. 14 days).
Significantly higher median sFlt-1/PlGF on
admission for patients who presented adverse
outcomes (205.9 vs. 47.5).

16 Peguero,
2021 [41]

Prospective,
multicentric 63

To assess the potential influence of
longitudinal changes in sFlt1/PlGF levels
on the prediction of adverse outcomes
among women with early-onset severe PE

Longitudinal daily changes in the sFlt-1/PlGF
ratio correlated with a shorter time until delivery.
Significantly increased daily changes in sFlt-1
values were recorded for those women who
developed adverse outcomes:
1047 vs. 342 pg/mL/day.

17 Garcia-Manau,
2020 [42]

Prospective,
monocentric 207

To compare sFlt-1/PlGF values and
pregnancy outcomes among early-onset
SGA/FGR stages

sFlt-1/PlGF values at diagnosis allowed the
stratification of FGR severity.

18 Herraiz,
2018 [35]

Prospective,
monocentric 5601

To analyze the usefulness of a clinical
protocol for early detection of PE and FGR
based on the measurement of the
sFlt-1/PlGF ratio at 24–28 weeks
of gestation

The sFlt-1/PlGF ratio and >95th centile, when
measured at 24–28 weeks, were effective at
predicting early-onset PE with FGR requiring
delivery before 32 weeks.
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Table 1. Cont.

Nr. Authors Study Type N Objective Conclusion

19 Gaccioli,
2018 [46]

Prospective,
monocentric 4098

To determine the effectiveness of
sFlt-1/PlGF in predicting adverse
pregnancy outcomes associated with the
delivery of a SGA

A sFlt-1/PlGF ratio > 5.78 at 28 weeks was highly
predictive of PE with pre-term delivery when the
infant was SGA.
sFlt-1/PlGF values > 38 at 36 weeks were
predictive of the term delivery of a SGA infant
with maternal PE.

20 Heimberger,
2020 [47]

Retrospective,
monocentric 115 To compare characteristics and outcomes of

women with chronic hypertension

sFlt-1/PlGF ≥ 85 increased the risk of pre-term
delivery at <34 and <37 weeks, lower gestational
age at delivery, superimposed PE, and severe PE.

21 Binder,
2020 [50]

Retrospective,
monocentric 164

To evaluate the predictive value of the
sFlt-1/PlGF ratio for delivery because of PE
in twin pregnancies

sFlt-1/PlGF < 38 was useful in ruling out pre-term
delivery due to PE.

22 Gaccioli,
2023 [48]

Prospective,
monocentric 4212

To determine the relationship between
maternal serum and placental levels of
sFlt-1 and PlGF in women with a diagnosis
of PE or IUGR

The contribution of sFlt-1 and PlGF to the
increased sFlt-1/PlGF ratio are different in PE and
IUGR: increased placental sFlt-1 imbalances the
ratio in PE, whereas decreased PlGF imbalances
the ratio in IUGR.

23 Palma Dos Reis,
2023 [49]

Prospective,
monocentric 125 To evaluate if sFlt-1/PlGF ratio predicts

faster fetal deterioration in early FGR
sFlt-1/PlGF > 85 predicted faster fetal
deterioration, independently of PE, etc.

24 Binder, 2021
[51]

Retrospective,
monocentric 142

To investigate the ability of sFlt-1/PlGF to
predict superimposed PE or adverse
pregnancy outcomes among patients with
chronic hypertension

sFlt-1/PlGF significanlty improved the prediction
of superimposed PE and adverse outcomes, such
as stillbirth, pre-term delivery, etc.

25

Duhig,
2021—The
PEACOCK
study [52]

Prospective,
multicentric 36

To assess the performance of sFlt-1/PlGF in
predicting the need for delivery within
seven days among women with late
pre-term PE

In late pre-term PE, sFlt-1/PlGF did not add value
to the clinical assessment.

Legend for Table 1: PE = preeclampsia, NPV = negative predictive value, SGA = small for gestational age,
FGR = fetal growth restriction, IUGR = intrauterine growth restriction.

8. Relevant Data from the Recent Literature Regarding the Value of
Doppler Velocimetry

In a cohort study of high-risk singleton pregnant women, Adekanmi [53] evaluated
the role of uterine and umbilical artery PI, RI, PSV, end-diastolic velocity (EDV), and
systolic/diastolic ratio (S/D) with the purpose of developing accurate prediction models
for the identification of high-risk women who require appropriate interventions. The
authors found significantly lower mean uterine EDV among women who developed pre-
eclampsia than those who did not (25.97 cm/s vs. 34.96 cm/s, p = 0.003), significantly
higher mean uterine RI in the pre-eclampsia group (0.59 vs. 0.5, p = 0.002) than in the group
who did not, significantly higher mean uterine PI in those who developed pre-eclampsia
(1.38 vs. 0.75, p < 0.001) than those who did not, and a significantly higher mean uterine
S/D ratio in women who developed pre-eclampsia (2.79 vs. 1.92, p < 0.001) than those who
did not. However, uterine PSV showed no significant differences. It was found that for
a unit increase in uterine PI, the odds of pre-eclampsia increased 38.37 times. Moreover,
uterine PI was proven to have a positive predictive value of 86% (AUC = 0.862, p < 0.001).
As for predicting the severe form of pre-eclampsia, the combination of mean uterine PSV
and mean umbilical PSV showed a positive predictive value of 80.3% (AUC = 0.8, p = 0.002).
In addition, Trongpisutsak [54] found increased mean uterine PI at 16–24 weeks of gestation
among patients who later developed pre-eclampsia (1.34 ± 0.52 vs. 0.98 ± 0.28 for control,
p = 0.004)—the optimal cut-off value for mean uterine PI was 1.025—as well as higher
prevalence of diastolic notching (45.5% vs. 11.2% for control, p < 0.001).

Soongsatitanon et al. [55] focused on the first-trimester prediction of pre-eclampsia
via ultrasound examination of the uterine arteries at 11–13 weeks and 6 days. Authors
reported significantly increased mean PI values among pregnancies later affected by pre-
eclampsia (1.64 ± 0.59 vs. 1.46 ± 0.37 for the control group, p = 0.02). In the prediction
of pre-eclampsia, uterine artery PI above the 95th centile showed 95.7% specificity and
92.3% negative predictive value. Similar results were presented by Oancea et al. [56], who
reported a statistically significant difference of mean uterine PI at 11–14 weeks between
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patients who developed pre-eclampsia and the control (2.25 vs. 1.97, p = 0.012). The authors
perceived screening for pre-eclampsia through uterine Doppler as particularly effective in
healthcare systems with limited resources to perform the evaluation of other biomarkers.
Additionally, in a multicentric study, Diguisto [25] found significantly higher mean PI
(1.68 vs. 1.53, p = 0.05) and mean RI (0.74 vs. 0.7, p = 0.02), lower PI (1.54 vs. 1.21, p = 0.02),
and higher prevalence of bilateral uterine notches (p = 0.01) at 11–13 weeks among women
later affected by pre-eclampsia than the control group.

On the other hand, in a study conducted by Prakansamut [57], who also performed
uterine artery Doppler screening at 11–13 weeks and 6 days with the purpose of predicting
pre-eclampsia, no statistically significant differences in the mean uterine PI values (p = 0.66)
or the presence of notching (p = 0.51) could be noticed between pregnant women who
developed the condition and the control group.

Abdel Razik et al. [58] regarded an ultrasound Doppler scan at 20–24 weeks as one of
the best predictors of pre-eclampsia. The authors reported significantly increased mean
uterine artery PI and RI and higher prevalence of diastolic notch (p < 0.001) in pregnancies
later complicated by pre-eclampsia and established cut-off values for PI (≥1.14), as well as
for RI (>0.61).

Ratiu [59] focused on the role of uterine artery Doppler indices and notching measured
at 19–22 weeks in the screening of adverse pregnancy outcomes, such as pre-eclampsia
and intrauterine growth restriction in case of singleton pregnancy. Bilateral high RI
and PI significantly increased both the prevalence of babies being small for their ges-
tational age (neonates with birthweight <10th centile) and intrauterine growth restric-
tion (birthweight < 3rd centile), whereas the presence of a notch significantly increased
the prevalence of severe pre-eclampsia (4% vs. 0.6%, p = 0.008), HELLP Syndrome
(2.4% vs. 0.2%, p = 0.05%), and oligohydramnios (5.7% vs. 0.7%, p = 0.004). Moreover,
the presence of bilateral notch significantly increased the risk of SGA (64.4% vs. 26.6% with
unilateral notch, p < 0.001), intrauterine growth restriction (49.2% vs. 6.3% with unilateral
notch, p < 0.001), severe pre-eclampsia (5.1% vs. 3.1% with unilateral notch, p = 0.002),
and HELLP syndrome (5.5% vs. 2.4% with unilateral notch, p < 0.001). Finally, bilateral
uterine notching may represent a sign of babies being small for their gestational age and
intrauterine growth restriction at the screening time.

Valuable insights into using Doppler evaluation of the uterine artery at 16–22 weeks
of gestation for the prediction of adverse pregnancy outcomes was provided by Barati [60].
Abnormal uterine Doppler was defined as a mean PI > 1.45. The authors found reliable
correlations between abnormal uterine Doppler at 16–22 weeks of gestation and the oc-
currence of early pre-eclampsia (<32 weeks), with a negative predictive value of 98.9%,
positive predictive value of 88.2%, specificity of 95.5%, and sensitivity of 79% (p < 0.001).
However, the ability of abnormal uterine Doppler to predict pre-eclampsia after 32 weeks
was weaker (p = 0.025). Regarding other adverse obstetric outcomes, high prevalence of
babies being small for their gestational age fetus (birthweight < 10th centile) in women with
abnormal Doppler findings (23.5% vs. 0.82%), as well as pre-term delivery (11.8% vs. 1.4%),
were recorded.

An extensive study including 6856 patients [61] who underwent uterine artery Doppler
examination at 19–22 weeks highlighted higher median PI values in the case of women who
developed pre-eclampsia or intrauterine growth restriction (1.36 vs. 0.93, p < 0.001), with
the highest median PI recorded among patients who developed early-onset pre-eclampsia
(1.68 vs. 1.31 compared to late-onset pre-eclampsia, p < 0.01). Consequently, Doppler
screening of the uterine arteries at 20 weeks had the ability to identify 70.6% of cases
with later development of early-onset pre-eclampsia and 73.3% of cases with early-onset
intrauterine growth restriction. In addition, it was proved that early-onset pre-eclampsia
had abnormal uterine Doppler PI (negative predictive value 99.9%), while in late-onset
pre-eclampsia, only a fraction of patients displayed abnormal uterine Doppler results,
thus suggesting that there are late-onset forms of pre-eclampsia with minimal placental
involvement. Most notably, the authors of this study stated that uterine artery Doppler was
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an effective screening tool involved in the prediction of early-onset adverse outcomes that
relate to impaired trophoblast invasion (pre-eclampsia or intrauterine growth restriction)
in a population of unselected patients, without generally recognized risk factors for pre-
eclampsia. This conclusion is in contrast to the recommendations of the other studies,
which regarded uterine artery Doppler screening or sFlt-1/PlGF ratio determination as
only being feasible for high-risk patients.

Moreover, Maged [62] showed that among uterine artery Doppler parameters screened
at 18–22 weeks, mean uterine RI was significantly increased in patients who later developed
pre-eclampsia (0.587 ± 0.072 vs. 0.524 ± 0.025 for control, p < 0.001) or intrauterine growth
restriction (0.587 ± 0.053 vs. 0.524 ± 0.025 for control, p < 0.001). Pregnancies affected by pre-
eclampsia and intrauterine growth restriction displayed significantly higher prevalence of
unilateral or bilateral uterine artery notches. Medjedovic [63] also searched for ultrasound
findings in the second trimester that could potentially increase the risk of pre-eclampsia.
The unilateral notch of the uterine artery significantly correlated with later development of
pre-eclampsia (47.62% specificity, 88.89% sensitivity, p = 0.023), while bilateral notch was
an even stronger predictor of the condition.

In a recent retrospective study, Li et al. [64] assessed whether an abnormal uterine
artery Doppler scan at 21–23 weeks of pregnancy increased the risk of pre-eclampsia. The
authors reported that markers such as increased unilateral or bilateral PI (OR 2.36, 6.21,
respectively) and increased bilateral RI (OR 2.83), unilateral, or bilateral notch (OR 3.66, 5.80,
respectively) were effective tools for the prediction of pre-eclampsia. Moreover, for every
0.1 increase in the median multiple of mean PI, a 13% increase in the risk of pre-eclampsia
could be noticed, and for every 0.1 increase in the median multiple of mean RI, the risk of
pre-eclampsia was increased by 22%.

In another recent study [65], Ekanem evaluated the role of Doppler examination
of uterine arteries at 20–24 weeks of gestation in the screening of intrauterine growth
restriction in a population with risk factors. Bilateral notching was found to significantly
increase the risk of intrauterine growth restriction, low birth weight (p = 0.005), and low
APGAR scores at 1 min (p = 0.007) and 5 min (p < 0.001). Babies born from pregnancies
with bilateral uterine notching were also born at an earlier gestational age (p = 0.029). As a
consequence, the authors pronounced themselves in favor of using uterine artery notching
to appropriately manage pregnancies at high risk of intrauterine growth restriction.

Furthermore, Obican [66] focused on the performance of third-trimester uterine artery
Doppler in predicting adverse pregnancy outcomes. Both left uterine artery notching
and mean uterine PI > 95th centile were significantly correlated with babies being small
for their gestational age (RR 1.76 and 1.83, respectively), pre-eclampsia (RR 2.53, 1.98,
respectively), and early-onset pre-eclampsia (RR 2.88, RR 3.13). Chilumula [67] studied
the correlation between uterine artery Doppler findings and adverse pregnancy outcomes
in a population of women diagnosed with early- or late-onset severe preeclampsia. Early
uterine diastolic notch was twice as likely to occur in the early-onset form than in late-onset
preeclampsia(80% vs. 40%, p = 0.003). Abnormal uterine Doppler examination resulted in
pregnancies with early-onset pre-eclampsia, increasing the risk of both maternal and neona-
tal complications, while among late-onset pre-eclampsia cases, abnormal Doppler predicted
only perinatal complications. However, an abnormal Doppler scan failed to significantly
correlate with caesarean delivery, gestational age at delivery, or other complications, such
as eclampsia or HELLP syndrome.

Table 2 summarizes the main findings from above mentioned studies regarding the
importance of uterine and umbilical Doppler parameters as predictors of preeclampsia and
adverse perinatal outcomes.
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Table 2. Data from the recent literature regarding the role of Doppler velocimetry parameters in the
prediction of pre-eclampsia and adverse perinatal outcomes.

Nr. Authors Study Type N Objective Conclusion

1 Adekanmi,
2019 [46]

Prospective,
monocentric 93

To develop accurate prediction models that
identify women at high risk of PE and allow
appropriate interventions

Cases that develop PE showed significantly lower
uterine and umbilical PSV and EDV and higher
uterine RI, PI, and S/D levels. Uterine PI is the
best predictor for PE, while a combination of
uterine and umbilical PSV predicted severity
of PE.

2 Trongpisutsak,
2021 [47]

Prospective,
monocentric 443 To assess if uterine artery Doppler at

16–24 weeks can predict PE
The optimal cut-off for PI was 1.025. Uterine
diastolic notching also predicted PE.

3 Soongsatitanon,
2020 [48]

Prospective,
monocentric 353 To determine the predictive value for PE

using uterine PI in the first trimester
Uterine artery PI > 95th centile (2.17) in the first
trimester was a marker of PE.

4 Oancea,
2020 [49]

Prospective,
monocentric 120

To evaluate the potential of first-trimester
uterine artery Doppler regarding early
detection of PE in high-risk patients

Uterine PI in first trimester showed moderate
predictive power.

5 Diguisto, 2017
[25]

Prospective,
multicentric 226 To evaluate the accuracy of uterine artery

Doppler in the first trimester for PE screening

Mean PI, lowest PI, mean RI, and bilateral
notching were reliable first-trimester parameters in
PE screening.

6 Prakansamut,
2019 [50]

Prospective,
monocentric 405 To assess if uterine artery Doppler at

11–14 weeks can predict PE
No relevant PI values or presence of uterine
notching in PE prediction.

7 Abdel Razik,
2018 [51]

Prospective,
monocentric 270 To evaluate the role of uterine artery Doppler

at 20–24 weeks in the prediction of PE
Cut-off values for mean PI (≥1.14), as well as
mean RI (>0.61), were reported.

8 Ratiu, 2019 [52] Prospective,
monocentric 1472

To evaluate if uterine artery Doppler
waveform analysis and the presence of a
notch in the second trimester in unselected
women with singleton pregnancies correlate
with significant differences in common
pregnancy outcomes

Bilateral high RI and PI and a notch significantly
increased the development of SGA and IUGR. The
presence of a notch significantly increases the
development of severe PE, HELLP syndrome, and
oligohydramnios. Bilateral notching was
associated with IUGR or SGA at the
screening time.

9 Barati, 2014 [53] Prospective,
monocentric 379

To investigate the predictive value of uterine
artery Doppler in the identification of
adverse pregnancy outcomes

Mean uterine artery PI > 1.45 measured at
16–22 weeks predicted an increased risk of PE,
SGA, and pre-term delivery.

10 Llurba, 2009
[54]

Prospective,
multicentric 6856

To examine the value of one-time uterine
artery Doppler examination, performed at
20 weeks, in the prediction of PE and IUGR
in a population of unselected patients

Doppler screening of the uterine arteries at
20 weeks was a feasible tool for the detection of
pregnant women with a high risk for early-onset
adverse outcomes, such as PE and IUGR.

11 Maged, 2017
[55]

Prospective,
monocentric 453 To evaluate the role of uterine artery Doppler

at 18–22 weeks as a predictor of PE and IUGR
Elevated uterine RI was a valuable marker that
predicted PE (cut-off 0.55) and IUGR (cut-off 0.54).

12 Medjedovic,
2021 [56]

Prospective,
multicentric 80 To investigate ultrasound risk factors for PE Uterine artery notching (especially if present

bilaterally) is a strong predictor.

13 Ekanem,
2023 [58]

Retrospective,
multicentric

To evaluate the role of Doppler examination
of uterine arteries at 20–24 weeks of gestation
in the screening of IUGR in a population with
risk factors

The implementation of uterine artery Doppler
screening to predict high-risk IUGR pregnancies
should include evaluation of notching besides
mean PI at 20–24 weeks.

14 Obican, 2019
[59]

Prospective,
monocentric 200

To assess the third-trimester uterine artery
Doppler value in predicting adverse
pregnancy outcomes in high-risk women

Left uterine artery notching and PI > 95th centile
were associated with SGA, early-onset PE, and PE.

15 Chilumula,
2021 [60]

Prospective,
monocentric 60

To correlate uterine artery Doppler results
with maternal and neonatal outcomes in
early- and late-onset severe PE

In early-onset PE, abnormal uterine Doppler
results increased the risk of both maternal and
neonatal complications.
For late-onset PE, abnormal Doppler only
predicted perinatal complications.

Legend for Table 2: PE = pre-eclampsia, PSV = peak systolic velocity, EDV = end-diastolic velocity,
S/D = systolic/diastolic ratio, IUGR = intrauterine growth restriction.

9. Conclusions

sFlt-1/PlGF ratio ≤ 38 displays a high negative predictive value regarding ruling
out PE within 4 weeks of assessment, i.e., between 24 and 37 weeks of gestation. In
addition, the two angiogenic biomarkers can differentiate between mild and severe
forms of pre-eclampsia, as well as gestational hypertension and pre-eclampsia. Mean
uterine PI remains the first-choice Doppler parameter used to rule out PE, while the com-
bination of uterine and umbilical PSV represents a useful tool that predicts the severity
of PE. Uterine notching may be regarded as a predictor of severe PE, HELLP syndrome,
intrauterine growth restriction, and oligohydramnios. Moreover, the sFtl-1/PlGF ratio
is very effective at predicting early-onset PE with IUGR that requires delivery before
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32 weeks and pre-term delivery in both early- and late-onset pre-eclampsia. Meanwhile,
mean uterine RI and PI with notching are able to predict babies being small for their
gestational age, intrauterine growth restriction, and pre-term delivery. sFlt-1/PlGF ratio
and Doppler parameters prove superior performance compared to screening of PE based
on clinical risk factors alone; therefore, the implementation of a standard screening based
on angiogenic biomarkers and Doppler velocimetry may improve early detection of PE
and other placenta-related disorders.

Author Contributions: Conceptualization, C.N.C. and C.M.; methodology, C.N.C. and C.M.; formal
analysis, C.N.C.; investigation, C.N.C., C.M. and M.L.G.; resources, C.N.C. and C.M.; data curation,
C.N.C. and P.M.C.; writing—original draft preparation, C.N.C. and P.M.C.; writing—review and
editing, C.M. and M.L.G.; visualization, C.M. and P.M.C.; supervision, C.M. and M.L.G.; project
administration, C.N.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cunningham, F.G.; Leveno, K.J.; Bloom, S.L.; Spong, C.Y.; Dashe, J.S.; Hoffman, B.L.; Casey, B.M.; Sheffield, J.S. Williams Obstetrics

24th Edition; Medical: New York, NY, USA, 2014; pp. 728–732.
2. American College of Obstetricians and Gynecologists. Task Force on Hypertension in Pregnancy. Obstet Gynecol. 2013, 122,

1122–1131.
3. Khan, B.; Yar, R.A.; Khakwani, A.K.; Karim, S.; Ali, H.A. Preeclampsia Incidence and Its Maternal and Neonatal Outcomes with

Associated Risk Factors. Cureus 2022, 14, e31143. [CrossRef] [PubMed]
4. Brown, M.A.; Magee, L.A.; Kenny, L.C.; Karumanchi, S.A.; McCarthy, F.P.; Saito, S.; Hall, D.R.; Warren, C.E.; Adoyi, G.; Ishaku, S.

The hypertensive disorders of pregnancy: ISSHP classification, diagnosis & management recommendations for international
practice. Pregnancy Hypertens. 2018, 13, 291–310. [CrossRef] [PubMed]

5. Magley, M.; Hinson, M.R. Eclampsia. [Updated 30 January 2023]. In StatPearls [Internet]; StatPearls Publishing: Treasure Island,
FL, USA, 2023.

6. Filipek, A.; Jurewicz, E. Preeclampsia—A disease of pregnant women. Postepy Biochem. 2018, 64, 229–232. [CrossRef]
7. Alese, M.O.; Moodley, J.; Naicker, T. Preeclampsia and HELLP syndrome, the role of the liver. J. Matern.-Fetal Neonatal Med. 2021,

34, 117–123. [CrossRef]
8. Chaemsaithong, P.; Sahota, D.S.; Poon, L.C. First trimester preeclampsia screening and prediction. Am. J. Obstet. Gynecol. 2020,

226, S1071–S1097. [CrossRef]
9. Unger, T.; Borghi, C.; Charchar, F.; Khan, N.A.; Poulter, N.R.; Prabhakaran, D.; Ramirez, A.; Schlaich, M.; Stergiou, G.S.;

Schutte, A.E.; et al. 2020 International Society of Hypertension Global Hypertension Practice Guidelines. Hypertension 2020, 75,
1334–1357. [CrossRef]

10. Corominas, A.I.; Medina, Y.; Balconi, S.; Casale, R.; Farina, M.; Martínez, N.; Damiano, A.E. Assessing the Role of Uric Acid as a
Pre-dictor of Preeclampsia. Front. Physiol. 2022, 12, 785219. [CrossRef]

11. Piani, F.; Agnoletti, D.; Baracchi, A.; Scarduelli, S.; Verde, C.; Tossetta, G.; Montaguti, E.; Simonazzi, G.; Degli Esposti, D.;
Borghi, C. Serum uric acid to creatinine ratio and risk of preeclampsia and adverse pregnancy outcomes. J. Hypertens. 2023, 41,
1333–1338. [CrossRef]

12. Sotiriadis, A.; Hernandez-Andrade, E.; Costa, F.d.S.; Ghi, T.; Glanc, P.; Khalil, A.; Martins, W.; Odibo, A.; Papageorghiou, A.;
Salomon, L.; et al. ISUOG Practice Guidelines: Role of ultrasound in screening for and follow-up of pre-eclampsia.
Ultrasound Obstet. Gynecol. 2018, 53, 7–22. [CrossRef]

13. Allen, R.E.; Rogozinska, E.; Cleverly, K.; Aquilina, J.; Thangaratinam, S. Abnormal blood biomarkers in early pregnancy are
associated with preeclampsia: A meta-analysis. Eur. J. Obstet. Gynecol. Reprod. Biol. 2014, 182, 194–201. [CrossRef]

14. Liao, L.; Zhao, X.; Zhou, M.; Deng, Y.; Li, Y.; Peng, C. sFlt-1: A double regulator in angiogenesis-related diseases. Curr. Pharm. Des.
2021, 27, 4160–4170. [CrossRef] [PubMed]

15. Chau, K.; Hennessy, A.; Makris, A. Placental growth factor and pre-eclampsia. J. Hum. Hypertens. 2017, 31, 782–786. [CrossRef]
[PubMed]

16. Magee, L.A.; Brown, M.A.; Hall, D.R.; Gupte, S.; Hennessy, A.; Karumanchi, S.A.; Kenny, L.C.; McCarthy, F.; Myers, J.;
Poon, L.C.; et al. The 2021 International Society for the Study of Hypertension in Pregnancy clas-sification, diagnosis & manage-
ment recommendations for international practice. Pregnancy Hypertens. 2022, 27, 148–169. [PubMed]

https://doi.org/10.7759/cureus.31143
https://www.ncbi.nlm.nih.gov/pubmed/36483900
https://doi.org/10.1016/j.preghy.2018.05.004
https://www.ncbi.nlm.nih.gov/pubmed/29803330
https://doi.org/10.18388/pb.2018_146
https://doi.org/10.1080/14767058.2019.1572737
https://doi.org/10.1016/j.ajog.2020.07.020
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.3389/fphys.2021.785219
https://doi.org/10.1097/HJH.0000000000003472
https://doi.org/10.1002/uog.20105
https://doi.org/10.1016/j.ejogrb.2014.09.027
https://doi.org/10.2174/1381612827666210902155015
https://www.ncbi.nlm.nih.gov/pubmed/34477512
https://doi.org/10.1038/jhh.2017.61
https://www.ncbi.nlm.nih.gov/pubmed/29115294
https://www.ncbi.nlm.nih.gov/pubmed/35066406


Children 2023, 10, 1430 17 of 19

17. Stepan, H.; Galindo, A.; Hund, M.; Schlembach, D.; Sillman, J.; Surbek, D.; Vatish, M. Clinical Utility of sFlt-1 and PlGF in
Screening, Prediction, Diagnosis and Monitoring of Pre-eclampsia and Fetal Growth Restriction. Obstet. Gynecol. Surv. 2023, 78,
451–453. [CrossRef]

18. Ghosh, S.K.; Raheja, S.; Tuli, A.; Raghunandan, C.; Agarwal, S. Serum PLGF as a potential biomarker for predicting the onset of
preeclampsia. Arch. Gynecol. Obstet. 2011, 285, 417–422. [CrossRef]

19. Cavoretto, P.I.; Salmeri, N.; Candiani, M.; Farina, A. Reference ranges of uterine artery pulsatility index from first to third trimester
based on serial Doppler measurements: Longitudinal cohort study. Ultrasound Obstet. Gynecol. 2023, 61, 474–480. [CrossRef]

20. Oloyede, O.A.; Iketubosin, F. Uterine artery Doppler study in second trimester of pregnancy. Pan Afr. Med. J. 2013, 15, 87.
[CrossRef]

21. Zalud, I.; Broady, A.J. Guidelines for the Doppler Assessment of the Umbilical and Middle Cerebral Arteries in Obstetrics.
Donald Sch. J. Ultrasound Obstet. Gynecol. 2015, 10, 418–421. [CrossRef]

22. Radswiki, T.; Murphy, A.; Weerakkody, Y. Umbilical arterial Doppler assessment. Radiopaedia 2011. [CrossRef]
23. Verlohren, S.; Herraiz, I.; Lapaire, O.; Schlembach, D.; Zeisler, H.; Calda, P.; Sabria, J.; Markfeld-Erol, F.; Galindo, A.;

Schoofs, K.; et al. New gestational phase-specific cutoff values for the use of the soluble fms-like tyrosine kinase-1/placental
growth factor ratio as a diagnostic test for preeclampsia. Hypertension 2014, 63, 346–352. [CrossRef] [PubMed]

24. Zeisler, H.; Llurba, E.; Chantraine, F.; Vatish, M.; Staff, A.C.; Sennström, M.; Olovsson, M.; Brennecke, S.P.; Stepan, H.;
Allegranza, D.; et al. Predictive Value of the sFlt-1:PlGF Ratio in Women with Suspected Preeclampsia. N. Engl. J. Med. 2016, 374,
13–22. [CrossRef] [PubMed]

25. Bian, X.; Biswas, A.; Huang, X.; Lee, K.J.; Li, T.K.; Masuyama, H.; Ohkuchi, A.; Park, J.S.; Saito, S.; Tan, K.H.; et al. Short-term
prediction of adverse outcomes using the sFlt-1 (soluble fms-like tyrosine kinase 1)/PlGF (placental growth factor) ratio in Asian
women with suspected preeclampsia. Hypertension 2019, 74, 164–172. [CrossRef]

26. Stepan, H.; Herraiz, I.; Schlembach, D.; Verlohren, S.; Brennecke, S.; Chantraine, F.; Klein, E.; Lapaire, O.; Llurba, E.;
Ramoni, A.; et al. Implementation of the sFlt-1/PlGF ratio for prediction or diagnosis of preeclampsia in singleton pregnancy:
Implications for clinical practice. Ultrasound Obstet. Gynecol. 2015, 45, 241–246. [CrossRef] [PubMed]

27. Zeisler, H.; Llurba, E.; Chantraine, F.J.; Vatish, M.; Staff, A.C.; Sennström, M.; Olovsson, M.; Brennecke, S.P.; Stepan, H.;
Allegranza, D.; et al. Soluble fms-like tyrosine kinase-1 to placental growth factor ratio: Ruling out pre-eclampsia for up to
4 weeks and value of retesting. Ultrasound Obstet. Gynecol. 2019, 53, 367–375. [CrossRef]

28. Cerdeira, A.S.; O’Sullivan, J.; Ohuma, E.O.; Harrington, D.; Szafranski, P.; Black, R.; Mackillop, L.; Impey, L.; Greenwood, C.;
James, T.; et al. Faculty Opinions recommendation of Randomized interventional study on prediction of preeclampsia/eclampsia
in women with suspected preeclampsia: INSPIRE. Hypertension 2020, 74, 983–990. [CrossRef]

29. Cerdeira, A.S.; O’Sullivan, J.; Ohuma, E.O.; James, T.; Papageorghiou, A.T.; Knight, M.; Vatish, M. Performance of soluble fms-like
tyro-sine kinase-1-to-placental growth factor ratio of ≥85 for ruling in preeclampsia within 4 weeks. Am. J. Obstet. Gynecol. 2021,
224, 322–323. [CrossRef]

30. Caillon, H.; Tardif, C.; Dumontet, E.; Winer, N.; Masson, D. Evaluation of sFlt-1/PlGF Ratio for Predicting and Improving Clinical
Management of Pre-eclampsia: Experience in a Specialized Perinatal Care Center. Ann. Lab. Med. 2018, 38, 95–101. [CrossRef]

31. Perales, A.; Delgado, J.L.; de la Calle, M.; García-Hernández, J.A.; Escudero, A.I.; Campillos, J.M.; Sarabia, M.D.; Laíz, B.;
Duque, M.; Navarro, M.; et al. sFlt-1/PlGF for prediction of early-onset pre-eclampsia: STEPS (Study of Early Pre-eclampsia in
Spain). Ultrasound Obstet. Gynecol. 2017, 50, 373–382. [CrossRef]

32. Diguisto, C.; Piver, E.; Le Gouge, A.; Eboue, F.; Le Vaillant, C.; Maréchaud, M.; Goua, V.; Giraudeau, B.; Perrotin, F. First trimester
uterine artery Doppler, sFlt-1 and PlGF to predict preeclampsia in a high-risk population. J. Matern. Neonatal Med. 2017, 30,
1514–1519. [CrossRef]

33. Soundararajan, R.; Suresh, S.C.; Mueller, A.; Heimberger, S.; Avula, S.; Sathyanarayana, C.; Mahesh, S.; Madhuprakash, S.; Rana, S.
Real life outpatient biomarker use in management of hypertensive pregnancies in third trimester in a low resource Setting:
RO-BUST study. Pregnancy Hypertens. 2021, 23, 97–103. [CrossRef] [PubMed]

34. Tan, M.Y.; Wright, D.; Koutoulas, L.; Akolekar, R.; Nicolaides, K.H. Comparison of screening for pre-eclampsia at 31–34 weeks’
ges-tation by sFlt-1/PlGF ratio and a method combining maternal factors with sFlt-1 and PlGF. Ultrasound Obstet. Gynecol. 2017,
49, 201–208. [CrossRef] [PubMed]

35. Herraiz, I.; Simón, E.; Gómez-Arriaga, P.I.; Quezada, M.S.; García-Burguillo, A.; López-Jiménez, E.A.; Galindo, A. Clinical
implementa-tion of the sFlt-1/PlGF ratio to identify preeclampsia and fetal growth restriction: A prospective cohort study.
Pregnancy Hypertens. 2018, 13, 279–285. [CrossRef] [PubMed]

36. Ciciu, E.; Pas.atu-Cornea, A.-M.; Dumitru, S.; Petcu, L.C.; Salim, C.; Tuta, L.-A. Utility of sFtl-1 and Placental Growth Factor Ratio
for Adequate Preeclampsia Management. Healthcare 2023, 11, 381. [CrossRef] [PubMed]

37. Yang, H.; Guo, F.; Guo, Q.; Wang, Y.; He, P.; Zhang, H.; Wang, S. The clinical value of PlGF and the sFlt1/PlGF ratio in the
management of hypertensive pregnancy disorders: A retrospective real-world study in China. Clin. Chim. Acta 2022, 528, 90–97.
[CrossRef]

38. Nikuei, P.; Rajaei, M.; Roozbeh, N.; Mohseni, F.; Poordarvishi, F.; Azad, M.; Haidari, S. Diagnostic accuracy of sFlt1/PlGF ratio as
a marker for preeclampsia. BMC Pregnancy Childbirth 2020, 20, 80. [CrossRef]

https://doi.org/10.1097/OGX.0000000000001185
https://doi.org/10.1007/s00404-011-1960-4
https://doi.org/10.1002/uog.26092
https://doi.org/10.11604/pamj.2013.15.87.2321
https://doi.org/10.5005/jp-journals-10009-1496
https://doi.org/10.53347/rID-13860
https://doi.org/10.1161/HYPERTENSIONAHA.113.01787
https://www.ncbi.nlm.nih.gov/pubmed/24166751
https://doi.org/10.1056/NEJMoa1414838
https://www.ncbi.nlm.nih.gov/pubmed/26735990
https://doi.org/10.1161/HYPERTENSIONAHA.119.12760
https://doi.org/10.1002/uog.14799
https://www.ncbi.nlm.nih.gov/pubmed/25736847
https://doi.org/10.1002/uog.19178
https://doi.org/10.1161/HYPERTENSIONAHA.119.12739
https://doi.org/10.1016/j.ajog.2020.11.007
https://doi.org/10.3343/alm.2018.38.2.95
https://doi.org/10.1002/uog.17373
https://doi.org/10.1080/14767058.2016.1183631
https://doi.org/10.1016/j.preghy.2020.11.010
https://www.ncbi.nlm.nih.gov/pubmed/33307400
https://doi.org/10.1002/uog.17307
https://www.ncbi.nlm.nih.gov/pubmed/27671370
https://doi.org/10.1016/j.preghy.2018.06.017
https://www.ncbi.nlm.nih.gov/pubmed/30177066
https://doi.org/10.3390/healthcare11030381
https://www.ncbi.nlm.nih.gov/pubmed/36766955
https://doi.org/10.1016/j.cca.2022.01.021
https://doi.org/10.1186/s12884-020-2744-2


Children 2023, 10, 1430 18 of 19

39. Leaños-Miranda, A.; Graciela Nolasco-Leaños, A.; Ismael Carrillo-Juárez, R.; José Molina-Pérez, C.; Janet Sillas-Pardo, L.;
Manuel Jiménez-Trejo, L.; Isordia-Salas, I.; Leticia Ramírez-Valenzuela, K. Usefulness of the sFlt-1/PlGF (Soluble fms-Like Tyro-
sine Ki-nase-1/Placental Growth Factor) Ratio in Diagnosis or Misdiagnosis in Women with Clinical Diagnosis of Preeclampsia.
Hypertension 2020, 76, 892–900. [CrossRef]

40. Baltajian, K.; Bajracharya, S.; Salahuddin, S.; Berg, A.H.; Geahchan, C.; Wenger, J.B.; Thadhani, R.; Karumanchi, S.A.; Rana, S.
Sequential plasma angiogenic factors levels in women with suspected preeclampsia. Am. J. Obstet. Gynecol. 2016, 215, 89.e1–89.e10.
[CrossRef]

41. Peguero, A.; Fernandez-Blanco, L.; Mazarico, E.; Benitez, L.; Gonzalez, A.; Youssef, L.; Crispi, F.; Hernandez, S.; Figueras, F.
Added prognostic value of longitudinal changes of angiogenic factors in early-onset severe pre-eclampsia: A prospective cohort
study. BJOG Int. J. Obstet. Gynaecol. 2020, 128, 158–165. [CrossRef]

42. Garcia-Manau, P.; Mendoza, M.; Bonacina, E.; Garrido-Gimenez, C.; Fernandez-Oliva, A.; Zanini, J.; Catalan, M.; Tur, H.;
Serrano, B.; Carreras, E. Soluble fms-like tyrosine kinase to placental growth factor ratio in different stages of early-onset fetal
growth re-striction and small for gestational age. Acta Obstet. Gynecol. Scand. 2021, 100, 119–128. [CrossRef]

43. Dröge, L.A.; Perschel, F.H.; Stütz, N.; Gafron, A.; Frank, L.; Busjahn, A.; Henrich, W.; Verlohren, S. Prediction of Preeclampsia-
Related Adverse Outcomes with the sFlt-1 (Soluble fms-Like Tyrosine Kinase 1)/PlGF (Placental Growth Factor)-Ratio in the
Clinical Routine: A Real-World Study. Hypertension 2021, 77, 461–471. [CrossRef] [PubMed]

44. Jeon, H.R.; Jeong, D.H.; Lee, J.Y.; Woo, E.Y.; Shin, G.T.; Kim, S.Y. sFlt-1/PlGF ratio as a predictive and prognostic marker for
preeclampsia. J. Obstet. Gynaecol. Res. 2021, 47, 2318–2323. [CrossRef] [PubMed]

45. Ciobanu, A.; Rouvali, A.; Syngelaki, A.; Akolekar, R.; Nicolaides, K.H. Prediction of small for gestational age neonates: Screening
by maternal factors, fetal biometry, and biomarkers at 35–37 weeks’ gestation. Am. J. Obstet. Gynecol. 2019, 220, 486.e1–486.e11.
[CrossRef] [PubMed]

46. Gaccioli, F.; Sovio, U.; Cook, E.; Hund, M.; Charnock-Jones, D.S.; Smith, G.C.S. Screening for fetal growth restriction using
ultrasound and the sFLT1/PlGF ratio in nulliparous women: A prospective cohort study. Lancet Child Adolesc. Health 2018, 2,
569–581. [CrossRef] [PubMed]

47. Heimberger, S.; Mueller, A.; Ratnaparkhi, R.; Perdigao, J.L.; Rana, S. Angiogenic factor abnormalities and risk of peripartum
com-plications and prematurity among urban predominantly obese parturients with chronic hypertension. Pregnancy Hypertens.
2020, 20, 124–130. [CrossRef] [PubMed]

48. Gaccioli, F.; Sovio, U.; Gong, S.; Cook, E.; Charnock-Jones, D.S.; Smith, G.C.S. Increased Placental sFLT1 (Soluble fms-Like
Tyrosine Kinase Receptor-1) Drives the Antiangiogenic Profile of Maternal Serum Preceding Preeclampsia but Not Fetal Growth
Re-striction. Hypertension 2023, 80, 325–334. [CrossRef]

49. Palma Dos Reis, C.R.; Brás, S.; Meneses, T.; Cerdeira, A.S.; Vatish, M.; Martins, A.T. The sFlt1/PlGF ratio predicts faster
fetal deteriora-tion in early fetal growth restriction: A historical cohort study. Acta Obstet. Gynecol. Scand. 2023, 102, 635–643.
[CrossRef]

50. Binder, J.; Palmrich, P.; Pateisky, P.; Kalafat, E.; Kuessel, L.; Zeisler, H.; Munkhbaatar, M.; Windsperger, K.; Thilaganathan, B.;
Khalil, A. The Prognostic Value of Angiogenic Markers in Twin Pregnancies to Predict Delivery Due to Maternal Complications
of Preeclampsia. Hypertension 2020, 76, 176–183. [CrossRef]

51. Binder, J.; Kalafat, E.; Palmrich, P.; Pateisky, P.; Khalil, A. Should angiogenic markers be included in diagnostic criteria of
superim-posed pre-eclampsia in women with chronic hypertension? Ultrasound Obstet. Gynecol. 2022, 59, 192–201. [CrossRef]

52. Duhig, K.E.; Seed, P.T.; Placzek, A.; Sparkes, J.; Hendy, E.; Gill, C.; Brockbank, A.; Shennan, A.H.; Thangaratinam, S.; Chappell, L.C.
Prog-nostic indicators of severe disease in late preterm pre-eclampsia to guide decision making on timing of delivery: The
PEA-COCK study. Pregnancy Hypertens. 2021, 24, 90–95. [CrossRef]

53. Roberts, A.; Adekanmi, A.J.; Akinmoladun, J.A.; Adeyinka, A.O. Uterine and umbilical artery doppler in women with pre-
eclampsia and their pregnancy outcomes. Niger. Postgrad. Med. J. 2019, 26, 106–112. [CrossRef] [PubMed]

54. Trongpisutsak, A.; Phupong, V. Prediction of preeclampsia using a combination of serum micro RNA-210 and uterine artery
Doppler ultrasound. Sci. Prog. 2021, 104, 00368504211036856. [CrossRef] [PubMed]

55. Soongsatitanon, A.; Phupong, V. Prediction of preeclampsia using first trimester placental protein 13 and uterine artery Dop-pler.
J. Matern.-Fetal Neonatal Med. 2022, 35, 4412–4417. [CrossRef]

56. Oancea, M.; Grigore, M.; Ciortea, R.; Diculescu, D.; Bodean, D.; Bucuri, C.; Strilciuc, S.; Rada, M.; Mihu, D. Uterine Artery Doppler
Ul-trasonography for First Trimester Prediction of Preeclampsia in Individuals at Risk from Low-Resource Settings. Medicina
2020, 56, 428. [CrossRef] [PubMed]

57. Prakansamut, N.; Phupong, V. Serum SHARP1 and uterine artery Doppler for the prediction of preeclampsia. Sci. Rep. 2019,
9, 12266. [CrossRef] [PubMed]

58. Abdel Razik, M.; Mostafa, A.; Taha, S.; Salah, A. Combined Doppler ultrasound and platelet indices for prediction of preeclampsia
in high-risk pregnancies. J. Matern.-Fetal Neonatal Med. 2019, 32, 4128–4132. [CrossRef]

59. Ratiu, D.; Hide-Moser, K.; Morgenstern, B.; Gottschalk, I.; Eichler, C.; Ludwig, S.; Grüttner, B.; Mallmann, P.; Thangarajah, F.
Doppler Indices and Notching Assessment of Uterine Artery Between the 19th and 22nd Week of Pregnancy in the Prediction of
Pregnancy Outcome. In Vivo 2019, 33, 2199–2204. [CrossRef]

60. Barati, M.; Shahbazian, N.; Ahmadi, L.; Masihi, S. Diagnostic evaluation of uterine artery Doppler sonography for the prediction
of adverse pregnancy outcomes. J. Res. Med. Sci. 2014, 19, 515–519.

https://doi.org/10.1161/HYPERTENSIONAHA.120.15552
https://doi.org/10.1016/j.ajog.2016.01.168
https://doi.org/10.1111/1471-0528.16383
https://doi.org/10.1111/aogs.13978
https://doi.org/10.1161/HYPERTENSIONAHA.120.15146
https://www.ncbi.nlm.nih.gov/pubmed/33280406
https://doi.org/10.1111/jog.14815
https://www.ncbi.nlm.nih.gov/pubmed/33973302
https://doi.org/10.1016/j.ajog.2019.01.227
https://www.ncbi.nlm.nih.gov/pubmed/30707967
https://doi.org/10.1016/S2352-4642(18)30129-9
https://www.ncbi.nlm.nih.gov/pubmed/30119716
https://doi.org/10.1016/j.preghy.2020.04.004
https://www.ncbi.nlm.nih.gov/pubmed/32299059
https://doi.org/10.1161/HYPERTENSIONAHA.122.19482
https://doi.org/10.1111/aogs.14546
https://doi.org/10.1161/HYPERTENSIONAHA.120.14957
https://doi.org/10.1002/uog.23711
https://doi.org/10.1016/j.preghy.2021.02.012
https://doi.org/10.4103/npmj.npmj_161_18
https://www.ncbi.nlm.nih.gov/pubmed/31187750
https://doi.org/10.1177/00368504211036856
https://www.ncbi.nlm.nih.gov/pubmed/34432986
https://doi.org/10.1080/14767058.2020.1849127
https://doi.org/10.3390/medicina56090428
https://www.ncbi.nlm.nih.gov/pubmed/32858825
https://doi.org/10.1038/s41598-019-48727-8
https://www.ncbi.nlm.nih.gov/pubmed/31439869
https://doi.org/10.1080/14767058.2018.1481953
https://doi.org/10.21873/invivo.11722


Children 2023, 10, 1430 19 of 19

61. Llurba, E.; Carreras, E.; Gratacós, E.; Juan, M.; Astor, J.; Vives, A.; Hermosilla, E.; Calero, I.; Millán, P.; García-Valdecasas, B.; et al.
Maternal History and Uterine Artery Doppler in the Assessment of Risk for Development of Early- and Late-Onset Preeclampsia
and Intrauterine Growth Restriction. Obstet. Gynecol. Int. 2009, 2009, 275613. [CrossRef]

62. Maged, A.M.; Saad, H.; Meshaal, H.; Salah, E.; Abdelaziz, S.; Omran, E.; Deeb, W.S.; Katta, M. Maternal serum homocysteine
and uterine artery Doppler as predictors of preeclampsia and poor placentation. Arch. Gynecol. Obstet. 2017, 296, 475–482.
[CrossRef]

63. Medjedovic, E.; Kurjak, A. The Importance of Doppler Analysis of Uterine Circulation in Pregnancy for a Better Understanding
of Preeclampsia. Med. Arch. 2021, 75, 424–430. [CrossRef] [PubMed]

64. Li, M.; Yue, C. Abnormal uterine artery Doppler ultrasound during gestational 21–23 weeks associated with pre-eclampsia. Int. J.
Gynecol. Obstet. 2022, 161, 264–270. [CrossRef] [PubMed]

65. Ekanem, E.; Karouni, F.; Katsanevakis, E.; Kapaya, H. Implementation of Uterine Artery Doppler Scanning: Improving the Care
of Women and Babies High Risk for Fetal Growth Restriction. J. Pregnancy 2023, 2023, 1506447. [CrossRef] [PubMed]
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