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Abstract – Preeclampsia is a frequent complication of pregnancy. It is a multi-organ sickness that stays one of the predominant causes of 
maternal morbidity and mortality. Additionally, preeclampsia leads to many problems that can appear in the fetus or newborn. 
Preeclampsia occurs in about 1 in 20 pregnant women. This review focuses on the prediction of preeclampsia in women, the use of a 
number of biomarkers, in particular, a factor combining the use of soluble FMS-like tyrosinokinase-1 (sFlt-1) and placental growth factor 
(PlGF). A low value of the sFlt-1/PlGF ratio guidelines the incidence of preeclampsia within 4 weeks of the test result, and its high value 
predicts the incidence of preeclampsia within 1 week. The assessment additionally highlights different factors, such as pregnancy-
associated plasma protein A, placental protein 13, disintegrin and metalloprotease 12, b-human chorionic gonadotropin, inhibin-A, soluble 
endoglin, nitric oxide, and growth differentiation factor 15. Biomarker checking out gives dependable and affordable screening techniques 
for early detection, prognosis, and monitoring of preeclampsia. Early diagnosis in groups of women at high risk for preeclampsia permits 
for speedy intervention, stopping the undesirable outcomes of preeclampsia. However, in addition research is wished to validate and 
optimize the use of biomarkers for extra correct prediction and diagnosis. This article objectives to evaluation the function of biomarkers, 
such as the sFlt1/PlGF ratio, in the prognosis and management of preeclampsia.  
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I. Introduction  

Preeclampsia (PE) is a frequent complication in pregnancy. It is a multisystem disease that continues to be one of the main reasons 
of maternal morbidity and mortality [1,2]. PE impacts about 5% of all pregnant women. Annually, this sickness motives up to 
500,000 deaths amongst fetuses and newborns, as well as 46,000 maternal deaths, most of them in low-developed nations [3]. 
According to research, PE is one of the most frequent motives of death amongst pregnant women, second only to hemorrhage and 
sepsis, which have prompted deaths in women in the early stages of being pregnant [4].In addition to impacting morbidity and 
mortality in pregnant women and their babies, enhancing PE prediction has considerable health and financial implications. 
Treatment of PE generates massive expenses in many exceedingly developed countries, which is why a range of sorts of research 
are performed to extend the possibilities of predicting, diagnosing, and treating this condition. There stays a scientific need to 
enhance the accuracy of PE prediction and diagnosis, and to extend the capacity to become aware of unfavourable consequences 
later in pregnancy. Centers nevertheless use diagnostic tests for PE primarily based on doctors’ observations and tests, such as 
laboratory parameters, biomarkers, and ultrasound outcomes [1]. 
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The attribute signs of PE are proteinuria and hypertension performing after week 20 of pregnancy. PE impacts many organ systems, 
such as the respiratory, hepatic, urinary, neuroendocrine and circulatory systems, main to fetal growth restriction, preterm birth, and 
different negative consequences on the fetus [5]. After many years of the use of preferred signs and symptoms in the prognosis of 
PE, which was once then the “criterion standard”, it was once determined that this technique had enormous drawbacks. These 
diagnostic standards had very low advantageous predictive value. Additionally, they envisioned unfavourable results associated to 
PE in solely 20% to 30% of effected pregnancies [6]. Currently, the latest definition of PE has developed from the traditional triad 
of symptoms, specifically hypertension, proteinuria, and edema, to hypertension and organ dysfunction. As a result, many global 
and country wide suggestions have changed. The American College of Obstetricians and Gynecologists (ACOG) was once the first 
to relativize the function of proteinuria and noted that PE can be identified in the absence of proteinuria [7]. 

Gestational hypertension is the most frequent sickness happening in hypertensive pregnant and is described through the first look 
of hypertension (systolic blood pressure 140 mmHg and/or diastolic blood pressure 90 mmHg) [3] at 20 weeks or later of gestation, 
in the absence of new signs and symptoms of organ dysfunction or proteinuria [8].However, the ACOG definition nonetheless does 
no longer spotlight all signs that can be an end result of PE. ACOG does now not think about the effects of an inefficiently 
functioning placenta, and therefore, additionally intrauterine fetal growth restriction. The definition of PE used to be up to date in 
2018 by way of the International Society for the Study of Hypertension in Pregnancy (ISSHP). According to this definition, PE is 
a new onset of hypertension in associated with peripheral organ symptoms, such as liver dysfunction, hemolysis, thrombocytopenia, 
or fetal growth restriction [9]. 

The poor prognosis related with PE consists of many issues in each the mother and fetus. These can encompass maternal and/or 
fetal death, as well as unique peripheral organ damage, such as acute renal failure, pulmonary edema, eclampsia, and HELLP 
(hemolysis, elevated liver enzyme levels, and low platelet levels) syndrome. The fetus can have prematurity and its complications, 
such as necrotizing enterocolitis, intraventricular hemorrhage, and developing small for gestational age. While most are late-onset 
instances after 34 weeks of gestation, women with early-onset sickness have a higher incidence of detrimental maternal and fetal 
effects [10]. It is believed that the signs and symptoms of PE do not appear beforehand than week 20 of pregnancy; however, the 
molecular pathways concerned in the pathogenesis of the syndrome show up quite early in pregnant [11]. The etiology of PE is 
nonetheless no longer exactly defined. Evidence suggests that the complexity of the pathophysiology and etiology of PE differs 
between early- and late-onset PE. PE detected earlier than week 34 of pregnancy, acknowledged as early PE, is believed to be 
induced through placental disfunction. However, in the case of late-onset PE, particularly signs and symptoms that show up after 
week 34 of pregnancy, cardiovascular dysfunction is regarded to be the reason [12].This article goals to overview the position of 
biomarkers, along with the soluble FMS-like tyrosine kinase 1 and placental growth factor (sFlt1/PlGF) ratio, in the prognosis and 
management of PE. 

1. PE Frequency and Diagnosis  

PE is a complication in 2% to 8% of pregnancies global and contributes to 9% to 26% of deaths amongst pregnant women. Diagnosis 
is based totally on the new onset of excessive blood pressure (greater than 140 mmHg systolic blood pressure or larger than 90 
mmHg diastolic blood pressure within 4 h), which need to be recognized after the 12 week of pregnancy. Other essential elements 
are the appearance of proteinuria, signs and symptoms of internal organ dysfunction, headache that does no longer reply to analgesic 
treatment, pulmonary edema, or renal dysfunction, with abnormal laboratory test values [13]. 

1.1 Pathogenesis of PE  

A vital issue in a true developing pregnancy is good functioning blood flow via the placenta. In pregnant women, as an end result 
of the invasion of placental trophoblasts, the uterine spiral arteries are rebuilt, which motives them to widen and decrease resistance. 
In PE, the arteries are now not totally remodelled, which skill there is insufficient perfusion in the placenta. As an end result of these 
abnormalities, placental cells secrete several biochemical elements into the pregnant woman’s bloodstream that affect endothelial 
dysfunction, stimulation of the mother’s immune response, oxidative stress, and activation of coagulation pathways. These 
adjustments lead to hypertension, proteinuria, and dysfunction of internal organs [14,15].The system of extra villous cytotrophoblast 
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invasion into the spiral arteries takes time between weeks 13 and 18 of pregnancy. The final result of this section of trophoblast 
invasion into the spiral arteries is the loss of endothelium and most of the muscle-elastic fibers. The measurement of the spiral 
arteries will increase and, at the same time, they end up insensitive to vasoactive drugs. These adjustments enhance blood flow 
through the uterus. The endothelium, inner elastic membrane, and muscular layer are changed with the aid of the trophoblast.  

These modifications concern the spiral arteries in their temporal section and in their phase running inside two-thirds of the thickness 
of the uterine muscle. The diameter of the spiral arteries will increase 4 to 6 times, in contrast with the state earlier than pregnancy. 
Because the autonomic innervation is damaged, there is a loss of sensitivity to vasoactive substances. Then, the vascular 
endothelium layer is recreated. Dilated uteroplacental arteries are formed, making sure enough perfusion of the intervillous space. 
These physiological adjustments create a low-pressure, high-flow uteroplacental circulatory system. This procedure is done between 
weeks18 and 22 of pregnant [16-18].When it comes to a being pregnant complex with the aid of PE, cytotrophoblast invasion of 
the spiral arteries is restricted to their intradermal part, apart from the section running within the uterine muscle. Spiral arteries that 
have no longer gone through the entire spectrum of modifications are much narrower. Their diameter is much less than 1/2 the 
diameter of these vessels in an ordinary pregnancy. The variety of spiral arteries into which the trophoblast enters is reduced. These 
adjustments purpose a decrease in uteroplacental blood go with the flow in being pregnant problematic by means of preeclampsia 
[19,20]. A large range of multi-center research have been performed together with pregnant patients, in which tries have been made 
to distinguish more than a few elements contributing to the greater everyday prevalence of PE. 

1.2 PE Risk Factors 

PE threat elements can be divided into various groups : demographic elements and family  history, medical or obstetric history, 
conditions going on in the first trimester of pregnancy, and conditions taking place in the 2d trimester [10] (Table 1). 
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1.3 Role of the sFlt-1/PlGF Ratio 

 Over the closing 20 years, there has been an extend in the variety of screening tests being carried out and in the predictability of 
the prevalence of PE in women of high-risk groups. Angiogenic biomarkers may also leave out prerequisites that can mimic PE and 

Table 1. Summary of preeclampsia risk factors [20-25]. 

GROUP OF FACTORS                 FACTOR  

DEMOGRAPHIC AND 
FAMILY FACTORS 

Maternal age 40 years or older 

Preeclampsia (PE) in the family (mother or sister) 

Early occurrence of cardiovascular diseases in the family 

MEDICAL HISTORY PE in previous pregnancies 

Antiphospholipid syndrome 

Hypertension before pregnancy 

Kidney disease before pregnancy or proteinuria at the first visit 

Diabetes before pregnancy 

Low maternal birth weight or premature birth 

Congenital thrombophilias 

Elevated triglyceride values 

Using cocaine and methamphetamines 

History of pregnancy loss before 10 weeks 

CURRENT PREGNANCY 
– 1ST TRIMESTER 

Multiple pregnancy 

New partner 

Use of assisted reproductive techniques 

Long interval between pregnancies (more than 10 years) 

Systolic blood pressure of 130 mmHg or higher and diastolic blood pressure of 80 
mmHg or higher at the first visit 
Bleeding from the genital tract in early pregnancy 

Pregnancy trophoblastic disease 

Abnormal biomarker values 

CURRENT PREGNANCY 
– 2ND AND 3RD 
TRIMESTER 

Increased blood pressure 

Abnormal values of alpha fetoprotein, chorionic gonadotropin, inhibin-A, 
estrogens 
Excessive weight gain during pregnancy 

Infections complicating pregnancy 

Intrauterine fetal growth restriction 

Abnormal Doppler result of uterine arteries 

Abnormal biomarker values 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2024 Scholar AI LLC. 

https://ijpsat.org/                                                    Vol. 46 No. 2 September 2024, pp. 537-558 

 
Vol. 46 No. 2 September 2024               ISSN: 2509-0119 541 

have overlapping signs and symptoms [26,27]. Recently, screening biomarkers have been delivered into diagnostics. One of them 
is the sFlt-1/PlGF ratio, which is a promising contribution in the prediction and management of PE [1]. Studies have proven that 
the use of the sFlt-1/PlGF ratio has higher diagnostic value than the use of every biomarker one after the other [26].Abnormal 
biomarker values PlGF is a glycosylated dimeric protein that is necessary in placental angiogenesis in early pregnancy and 
stimulates the growth, differentiation, and invasion of trophoblasts into the maternal decidua [28]. In addition to its region in the 
placenta, this biomarker can be located in skeletal muscle, heart, lung, thyroid, and endothelial cells. It will increase in ischemic 
states, inducing the maturation and stabilization of newly shaped blood vessels, and mobilizes inflammatory, vascular, and 
hematopoietic progenitor cells of the bone marrow collaborating in the formation of collateral vessels [29]. Its attention is notably 
improved at some point of the beginning of pregnancy; the best increase takes place in week 30 of pregnancy, and then it slowly 
decreases [30]. PlGF has a strong correlation with the partial pressure of oxygen; therefore, its stage is decreased in placental 
hypoxia. This explains why PlGF stages are depleted in women with PE [16]. sFlt-1 is an anti-angiogenic protein that binds to and 
inhibits proteins, such as PlGF and vascular endothelial growth factor (VEGF), thereby inflicting endothelial dysfunction [31,32]. 
sFlt-1 is one of isoforms of the glycosylated sFlt protein [33]. 

 The most important supply of sFlt-1 is the placenta of the pregnant woman. Studies have located that sFlt-1 concentrations are 
quite increased in the circulation of women with PE, and this multiplied attention existed earlier than the improvement of different 
signs of PE, such as proteinuria and hypertension [16]. Studies point out that expanded sFlt-1 values manifest even earlier than the 
look of proteinuria and hypertension [33]. In women with PE, the awareness of this protein can attain values 5 times greater than 
these determined in women without suspicion of PE [28].Attention was once first paid to the sFlt-1/PlGF ratio in 2003 and 2004. It 
was once then proven that female with PE had an increased sFlt-1 value and a lowered PlGF value. It has additionally been proved 
that the greater dysregulated the placental expression and circulating attention in peripheral blood, the greater extreme the disease 
[34,35]. The identification of the sFlt-1/PlGF ratio led to the speedy automation of tests analysing the use of the ratio to enhance 
the prediction and prognosis of PE [36,37].In 2016, a multicenter learn about used to be performed to investigate whether or not a 
low value of the sFlt-1/PlGF ratio ought to predict the absence of PE within a week of the check end result and whether or not an 
excessive cost ought to predict the prevalence of PE within the subsequent 4 weeks. Five hundred pregnant women had been 
examined, the use of a cut-off value of 38 [26,38]. It used to be observed that a value of 38 and decrease may want to be used to 
predict the momentary absence of PE in women in whom this syndrome was once clinically suspected. According to this study, the 
negative predictive value of a coefficient at the cut-off factor or beneath was once 99.3%. The capacity to precisely rule out PE 
within 1 week primarily based on the sFlt-1/PlGF ratio can enhance medical choices concerning hospitalization, in contrast with 
outpatient monitoring and the depth of ambulatory monitoring [26,39]. 

 A very high negative predictive value is essential in the assessment of an affected person with suspected PE, due to the fact failure 
to realize this ailment can have serious penalties for the fetus and mother [25]. Multiple scientific research have proven that the 
sFlt-1/PlGF ratio tested higher diagnostic overall performance than did single biomarkers [26,37,40]. One find out about extends 
the tips by using prospectively validating the sFlt-1/PlGF ratio cut-off of 38 with the aid of calculating it the usage of accessible 
and completely computerized immunoassays [26]. A learn about performed in 2016 by way of Zeiser et al confirmed that time to 
delivery is appreciably correlated with sFlt-1/PlGF ratio levels, regardless of the presence of aspects of PE described via 
hypertension and proteinuria [41]. According to a find out about performed in 2019,      a sFlt-1/PlGF ratio greater than 85 can be a 
predictive marker for the early onset of PE and adverse consequences in the mother and fetus. However, an sFlt-1/PlGF ratio 
decrease than 38 in women between 24 and 37 weeks of pregnancy can be a dependable parameter to rule out PE [31]. 

In 2021, a learn about referred to as ROBUS aimed to decide the usefulness of outpatient biomarkers in the cure of hypertensive 
pregnancies in the third trimester. It was once a cohort learn about of 50 women, 48% of whom had persistent hypertension, and 
52% of patients had hypertension for the first time at some point of pregnancy. Pregnant patients with an excessive sFlt-1/PlGF 
ratio have been extra in all likelihood to trip PE with extreme symptoms, greater rates of maternal complications, and preterm birth, 
whereas female with a low sFlt-1/PlGF ratio have been capable to raise the pregnancy to term, with close supervision [42]. Studies 
of pregnant female that targeted on how to satisfactory use the sFlt-1/PlGF ratio to perceive women at hazard for PE who have been 
at hazard for detrimental problems have centered on the interpretation of single check results. Retesting has been proven to add 
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predictive accuracy. An evaluation was once carried out of 550 women whose cut-off value used to be beneath 38, and the onset of 
PE used to be excluded in 1-time checking out 2 and 3 weeks after the examination, with excessive bad predictive values of 97.9% 
and 95.7%, respectively. In case of retesting, onset of PE inside 4 weeks used to be excluded, with excessive bad predictive values 
(94.3%) and excessive sensitivity (66.2%) and specificity (83.1%). According to this study, repeated sFlt-1/PlGF ratio trying out in 
women suspected of having PE must expand self-assurance in clinicians’ choice making [43]. 

In 2021, a study in Spain to decide whether or not longitudinal modifications in angiogenic elements enhance the prediction of 
damaging consequences in women with early onset of severe PE; 63 pregnant women have been examined, 26 of whom had 
complications. Longitudinal adjustments in biomarkers have been proven to be stated in pregnancies with issues than in pregnancies 
except complications. The above study about validated that in early-onset severe PE, longitudinal adjustments in sFlt-1 stages 
enhance the prediction of unfavourable results and the interval to transport [44].One learn about in contrast the sFlt-1/PlGF ratio to 
traffic light signalling, consisting of 3 groups: a green light, yellow light, and red light group. The green light group consisted of 
women with ratio value under 38 – these in whom there was once an excessive degree of certainty that no PE or associated problems 
would appear within 4 weeks. The yellow light group consisted of women with suspected PE and sFlt-1/PlGF values between 38 
and 85, who had been at improved chance of PE and associated issues inside the subsequent 4 weeks, and for whom it used to be 
encouraged to repeat the take a look at after a week. The red light group consisted of women with suspected PE and sFlt-1/PlGF 
ratio values above 85, in whom this phenomenon used to be anticipated to manifest in the close to future. 

 For women in the inexperienced group, follow-up used to be advocated inside the subsequent 4 weeks of the examination; for 
women in the yellow group, follow-up used to be endorsed within a week of the examination. However, for the red group, with the 
opportunity of PE signs and complications, instant health center manage used to be recommended, if possible, in a perinatal center, 
and relying on the ultrasound examination, cardiotocography, and laboratory results, hospitalization ought to be indicated [45] . In 
the case of patients with an sFlt-1/PlGF ratio 85 and higher, the well-known of care is admission to hospital and reassessment of 
parameters. If the consequences continue to be stable, the affected person need to proceed to be carefully monitored. The 
considerable majority of these patients enhance signs of the ailment or want to be continually monitored. The sFlt-1/PlGF ratio is 
specifically beneficial between weeks 24 and 34 of being pregnant due to the fact it permits for higher manipulate and the capacity 
to make choices involving in addition diagnostics and cure [25,46]. 

In 2023, lookup used to be carried out on the usefulness of predicting the sFlt-1/PlGF ratio in detecting unfavourable being pregnant 
results associated to placental dysfunction in twin pregnancies. PE is twice as frequent in twin pregnancies. Additionally, it 
frequently happens in extra extreme forms, and its onset generally takes place earlier than in singleton pregnancies. The majority 
of research located an accelerated sFlt-1/PlGF ratio in twin pregnancies with PE or different detrimental perinatal results than in 
pregnancies without disease. This ride suggests that statistics from three prospective research point out that classical cut-offs used 
for singleton pregnancies can be transferable to twin pregnancies. One of the important desires of the research used to be to outline 
an fine cut-off value to eliminate or diagnose PE in twin pregnancy patients. Most authors proven the current cut-off values for 
singleton pregnancies of 38 and 85 from preceding research can be used in twin pregnancies. This discovering ought to be viewed 
as promising, due to the fact 80% of the posted effects exhibit a nice predictive value [47]. Another study about analysed the effects 
of 269 women with twin pregnancies. PE was once suspected in 62 of these patients, and solely 21 patients subsequently developed 
PE. After inspecting the effects of the sFlt-1/PlGF ratio test, it used to be discovered that up to week 29 of twin pregnancy, no 
variations had been located in the median, in contrast with that of singleton pregnancies. However, after week 29 of pregnancy, the 
median values of twin pregnancies had been greater than these of female with singleton pregnancies [48]. 

The article on the sFlt-1/PlGF ratio proves that it is an extra and superior diagnostic tool for PE, impartial of blood pressure or 
laboratory markers associated to HELLP syndrome, to become aware of pregnant patients who will develop PE or its severe 
requiring premature birth. The study about additionally demonstrated the monetary significance of the use of this coefficient, as it 
lets in for decreased expenses and shorter health center stays for patients. According to the study, this will minimize the range of 
unjustified tests and even premature births, and will permit for a higher focal point on patients in reality affected by way of PE [49]. 
Currently, there are no clear tips for the sensible use of angiogenic biomarkers in the detection and therapy of PE in activities 
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scientific practice. For some time now, the principal worldwide scientific suggestions have indicated the opportunity of the usage 
of precise biomarkers in instances of suspected PE, and most researchers observe this in their local practices. However, the hints do 
not specify the values of unique parameters [25].The conclusions ensuing from these research contributed to the initiation of the 
use of this coefficient in women with suspected PE. 

1.4  Other Biomarkers Used to Predict PE in Pregnancy 

 Understanding the pathogenesis of PE has allowed for the improvement of many extraordinary biochemical tests, permitting for 
higher and quicker analysis [50].One of the elements investigated when PE is suspected is the glycoprotein pregnancy-associated 
plasma protein-A (PAPP-A), a protein necessary for the improvement of the placenta and fetus, which is used as a predictive 
biomarker. PAPP-A is additionally involved in growth and development processes, such as bone remodelling at some stage in 
puberty, folliculogenesis, wound healing, and atherosclerosis. PAPP-A concentration is low in the first trimester of pregnancy and 
will increase steadily till the third trimester of pregnancy. It is additionally a marker used in screening assessments for chromosomal 
abnormalities. A 2018 study find out that pregnancies with decreased PAPP-A protein levels have been generally related with an 
expanded threat of early PE. It used to be additionally established that decreased PAPP-A concentrations, with a cut-off of should 
be used to predict PE [50]. It is now cautioned that PAPP-A measurement alongside with different biochemical markers, maternal 
factors, and Doppler ultrasound can be used as an early marker for PE screening [51,52].Another biomarker used to predict PE is 
placental protein 13 (PP-13), a protein synthesized through the syncytiotrophoblast. PP13 performs a principal position in the 
strategies of retaining pregnancy. Studies exhibit that in the first trimester of pregnancy, PP-13 values are low, and its concentration 
will increase with the length of pregnancy. If PE is suspected, the value of this protein is decrease than the anticipated norm [53,54]. 
According to a latest study, PP-13 has a specificity of 0.83 (95% CI) and a sensitivity of 0.53 (95% CI). The outcomes of the study 
about advice that PP13 can be viewed as a strong predictor of early-onset PE [55]. 

Research has additionally been performed on the use of a-disintegrin and metalloprotease 12 (ADAM-12) in the prediction of PE, 
however the research have no longer proven their great significance in the prediction of PE. Moreover, even when countless 
diagnostic techniques had been combined, ADAM-12 nevertheless had solely a 44% detection rate [56,57]. Another molecule used 
in PE prediction is b-human chorionic gonadotropin (b-hCG), a hormone produced through placental trophoblasts. The serum 
attention peaks round week 8 to 10 of pregnancy and then decreases [58]. Reduced b-hCG values in the early trimester of being 
pregnant point out odd trophoblast characteristic and are a marker of delayed implantation and impaired placental function. Its low 
concentration can make a contribution to the improvement of PE. There are research indicating that low b-hCG levels risk of 
developing PE. However, one find out about additionally observed that a single low b-hCG level may additionally no longer serve 
as a robust biomarker for predicting the threat of PE [54]. It is stated that the use of b-hCG as a biomarker to predict PE though 
indicates a low detection charge with low sensitivity [58-60].Tests for the prediction of PE additionally use the placental protein 
inhibin-A, a hormone involved in fetal growth and maintaining pregnancy. Its values peak twice for the duration of pregnancy, for 
the first time between week 8 and 10 of pregnancy, after which it stabilizes and then reaches another peak in the third trimester 
[15,61]. Existing study indicates a relationship between excessive inhibin-A levels and the opportunity of developing PE. Despite 
these suggestions, the sensitivity of inhibin-A as a robust predictive biomarker is regarded to be low, so it is advocated to be used 
in combination with different measurements to attain the best end result [15,62]. 

For the prediction of PE, the check of one of the anti-angiogenic factors, soluble endoglin (sEng), used to be additionally introduced. 
There are reviews that a high sEng value in women with PE correlates with disorder severity. sEng expression was once four times 
greater in women with PE than in female with a healthy pregnancy. Elevated sEng levels can be determined even earlier than the 
onset of medical symptoms. It has been established that measuring sEng concentration can permit for early prediction and prognosis 
of PE [63-65]. Additionally, study used to be performed on the use of nitric oxide in the prediction of PE. Nitric oxide is a gaseous 
molecule that helps in the processes of angiogenesis, neovascularization, regulation of vascular tone, and regulation of systemic 
blood pressure. During pregnancy, nitric oxide acts as a modulator of angiogenic factors, such as VEGF, PlGF, and transforming 
growth factor  b, which are the others biomarkers used in prediction of PE. However, there is nonetheless too little studies on the 
use of nitric oxide in the prediction and diagnosis of PE for it to be broadly used [15,66].Finally, study has been performed on the 
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use of growth differentiation factor 15 (GDF-15) as a biomarker. GDF-15 is a peptide produced in the placenta that is secreted in 
response to stress and at some stage in cell damage and inflammation. GDF-15 has been discovered to have a cardioprotective 
function. GDF-15 values extend with the length of pregnancy, and in the case of PE, they are dysregulated. In women with 
pregnancy lasting 30 to 34 weeks, greater values have been observed in female with PE than in women without PE. Despite these 
observations, the values diverse very little; therefore, the use of GDF-15 as a sole predictive marker is no longer advocated [67,68]. 
The biomarkers used in the prediction of PE are proven in Table 2 

Table 2. Biomarkers used in preeclampsia prediction [14,31,50-64]. 

Biomarker A change from a healthy pregnancy 

Soluble FMS-like tyrosinokinase-1 (sFlt-
1) 

Very elevated values in women with suspected 
preeclampsia (PE) 

Placental growth factor (PlGF) Decreased values in women with suspected PE 

sFtl-1/PlGF ratio A score higher than 85 may be a predictive marker for 
early onset of PE, and a score lower than 38 is highly 
likely to exclude PE 

Pregnancy-associated plasma protein A 
(PAPP-A) 

A decreased value indicates an increased risk of PE 

Placental protein 13 (PP-13) A value lower than the norm during certain periods of 
pregnancy most likely indicates PE 

Disintegrin and metalloprotease 12 
(ADAM-12) 

Low diagnostic significance 

b-human chorionic gonadotropin (b-hCG) A reduced value may indicate the probability of PE, but 
its detection rate is too low 

Inhibin-A A high level of Inhibin-A can indicate the likelihood of 
developing PE, but the sensitivity is too low 

Soluble endoglin (sEng) An increased value can indicate PE; the value strongly 
correlates with the severity of the disease 

 

II. Current management protocols 

1. Anti-hypertensive Agents 
The modern-day anti-hypertensive remedy suggestions in PE propose methyldopa (0.5-3 gm/day orally in divided doses) 
as the drug of choice. The subsequent satisfactory choice is labetalol (0.2-1.2 gm/day per orally in divided doses), slow-
release nifedipine (10-30mg per orally), hydralazine (5mg IV given slowly over 1-2 min, 30-90 mg as soon as a day). The 
second-line agents consist of clonidine (0.1-0.6 mg/day in divided doses), hydrochlorothiazide (12.5-25 mg/day per orally), 
nicardipine (3-9 mg/hour IV), sodium nitroprusside (0.24-5 μg/kg/min) [69]. Other pills that can be used as drugs are 
verapamil, diazoxide, prazosin, and oxprenolol. Methyldopa acts at the central alpha-adrenergic receptor and stimulates it, 
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ensuing in a decreasing of the sympathetic outflow of noradrenaline. Labetalol efficiently blocks each alpha- and beta-
adrenergic receptors and demonstrates a speedy onset of activity in contrast with methyldopa. Nifedipine, a calcium 
channel blocker, is favoured in a slow-release or long-acting shape over the short-acting shape as the short-acting shape 
can also minimize uteroplacental blood flow. Hydralazine is a robust direct vasodilator that is in most cases used in 
hypertensive emergencies or as an choice in refractory hypertension. It is additionally vital to be aware that mighty 
antihypertensives like angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), and 
spironolactone are no longer used (contraindicated) for the pregnancy due to their teratogenic outcomes [70]. The NHBPEP 
(National High Blood Pressure Education Program) additionally advises gradual launch nifedipine, beta-blockers (other 
than atenolol), and a diuretic as selections [71]. 
 
1.1 Magnesium Sulfate 
 
Eclampsia (seizure) is a frequent complication of PE, and antihypertensive agents can't prevent the development of 
eclampsia. Hence, magnesium sulfate is used owing to its neuroprotective action. While magnesium sulfate is no longer 
generally encouraged for use as an antihypertensive agent, it is used automatically to prevent the development of seizures 
in pregnant female with extreme aspects of PE. The American College of Obstetricians and Gynecologists (ACOG) 
recommends limiting the use of magnesium sulfate to PE with extreme features. The standards consist of SBP of 160 mm 
Hg or greater or DBP of 110 mm Hg or greater on at least two occasions 4 hours apart, thrombocytopenia, impaired LFTs 
(liver function tests), pulmonary edema, new onset headache unresponsive to medications, and visual disturbances [72]. 
Magnesium sulfate acts on the acetylcholine receptors, N-methyl-D-aspartate (NMDA) receptors, and calcium channels 
in the central nervous system (CNS). Magnesium sulfate additionally protects the blood-brain barrier and reduces the 
formation of cerebral edema [73]. Furthermore, it additionally acts as a vasodilator in the cerebral and peripheral 
vasculature. Magnesium sulfate is commonly regarded gold standard to different anti-convulsant like phenytoin, diazepam, 
and nimodipine. The present day administration suggestions recommend a loading dose of 4-6 gm of magnesium sulfate, 
administered by means of infusion pump over 20-30 minutes, accompanied by using a maintenance dose of 1-2 gm per 
hour as non-stop IV infusion, persisted till 24 hours after the delivery. Monitoring is required when magnesium sulfate is 
being administered due to toxicity and unfavourable effects. Hypermagnesemia or magnesium toxicity reasons areflexia 
(loss of reflexes, mainly patellar deep tendon reflex) at 8-10 mEq/L of blood magnesium levels and respiratory paralysis 
at > 13 mEq/L of magnesium levels. Further greater levels may additionally lead to cardiac arrest [73]. 
 
1.2   Delivery:  
 
Timing and Methods The solely treating therapy accessible for PE is        termination of pregnancy, whether or not it be 
induction of labor or cesarean section. Induced delivery is indicated with 37 weeks of gestation at the earliest. According 
to ACOG Preeclampsia Guidelines, two methods are endorsed for pregnant female with PE, primarily based on the 
gestational age (34 weeks) [74]. Expectant management is advocated if the gestational age is much less than 34 weeks 
[75]. However, in the presence of extreme features, expectant management presents advantages to the fetus/newborn 
however incorporates potential risks to the mother [75]. Regarding delivery, the elements that make a pregnant woman 
with PE - a candidate for delivery are outlined in : 
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Table 3 [72,74,75]. 

Maternal Factors Fetal Factors 

Severe hypertension, which is unresponsive to an antihypertensive 
agent 

Abnormal antenatal 
testing 

Complaints of persistent headache or persistent RUQ/epigastric 
pain, unresponsive to the treatment 

Fetal demise 

Complaints or findings of visual disturbance or altered sensorium 
or motor deficit 

Fetal lethal anomaly or 
extreme prematurity 

Diagnosis of Stroke or MI Doppler: UA - REDF 

Diagnosis of HELLP syndrome - 

Worsening RFTs (Serum Cr. > 1.1) - 

Pulmonary edema - 

Eclampsia - 

Placental abruption or bleeding in the absence of placenta previa - 

 

Once the selection on delivery is reached, the mode of delivery is some other concern. Regarding whether or not to result in delivery 
or operate a cesarean section, a cervical scoring is one of the indispensable elements to be considered.  

Induction of labor in patients with bad cervical scoring has been observed to be related with failed induction, prolonged labor, and 
an excessive rate to caesarean section [74]. Induction or augmentation of labor is favourable when the affected      person has a 
clinically secure situation with a favourable cervix The Bishop scoring upon admission serves as the satisfactory indicator of a 
profitable delivery. However, the likelihood of a profitable induction will increase with advancing gestational age [76]. Strong proof 
suggests that opting for a scheduled delivery reduces the threat of maternal problems and extreme hypertension when in contrast to 
ready and managing the scenario expectantly. However, there is an enlarge in neonatal unit admissions due to untimely births in 
planned deliveries, however there is no proof to recommend a greater rate of neonatal health problems in such instances [75]. 

III. Challenges in diagnosis and contemporary treatment modalities 

PE contributes substantially to maternal morbidity and mortality worldwide. Predicting, diagnosing, and managing PE is certainly 
challenging, and whilst there have been advances in appreciation the pathophysiology and underlying disease, modern-day protocols 
do have some obstacles [77]. One main quandary is the lack of tremendous predictive biomarkers that can reliably become aware 
of women at chance early in pregnancy. This makes it challenging to put in force preventive measures or interventions earlier than 
signs and symptoms manifest. Additionally, there is a need for extra correct diagnostic tool to differentiate PE from different 
hypertensive issues in the course of pregnancy. The modern-day diagnostic standards depend completely on scientific signs and 
symptoms , which may also now not be precise enough, main to a spectrum of misdiagnosis, overdiagnosis, and underdiagnosis. 
Furthermore, present remedy selections for PE are limited, and the solely definitive remedy is delivery of the infant and placenta. 
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 The challenges in present day prognosis and management are outlined in Table 4 

 Factor                                           Limitations 

Challenges in Current Diagnosis 
 
1.Predective             The identification of reliable early biomarkers for predicting preeclampsia is   

    Marker                challenging. Many studies have explored  various markers, such as angiogenic 

                                 factors , such as  angiogenic factors   (like sFlt-1 and P1GF), but their sensitivity  

                                 and specificity may vary, and  no single   has proven consistently reliable for   

                                 predicting preeclampsia in all cases [19]. Another  problem is using biomarkers too  

                                 late or only problem is using biomarkers too late or only   utilizing them from 

                                 problem is using biomarkers too late or only utilizing them from symptomatic      

                                 patients. Although analytical data has shown that problem is using biomarkers too   

                                 late or only   utilizing them from symptomatic patients. Although analytical data 

                                 has shown that biomarkers like placental growth factor assay and tyrosine kinase1 

                                 have shown excellent precision in diagnosing preeclampsia, there is 

                                 limited use [20]. 
 

2. 
Diagnostic 

Criteria 

Diagnostic criteria, such as elevated blood pressure and proteinuria, lack 
specificity and may lead to overdiagnosis or 

underdiagnosis. Additionally, these criteria may not be sensitive enough to capture 
cases of atypical or early-onset preeclampsia [72]. 

Challenges in Current Management 

3. 
Treatment 

Options 

Limited pharmacological interventions exist for preeclampsia, and the only 
curative treatment is termination of pregnancy. 

                                  Anti-hypertensives: Antihypertensive drugs, which are frequently prescribed for     
                                 preeclampsia, might have negative side effects,  

4.      Adverse           including hypotension, dizziness, and electrolyte abnormalities [80]. Magnesium        
    Effects                  sulfate      Although magnesium sulfate is used to prevent seizures in cases of              
                                 severe preeclampsia, high dosages can cause respiratory depression and   blockade                 
                                 [81]. 

 

 5. 
Induction of 

Labor 

Induction of labor isn't always feasible. In some circumstances, like previous 
cesarean section, inducing labor might result in uterine rupture [82]. 

Cesarean   
6. Standard risks of any surgery : like infection, bleeding, and post-anesthetic complications, apply 

to cesarean   section as well.  
 
 

7. 
Postpartum 

Complications  

Complications from preeclampsia can persist even after delivery. Preeclamptic 
women are more likely to experience cardiovascular problems later in life [83].  
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8.   Neonatal               The risk of neonatal problems such as respiratory distress syndrome and           
 Complications        preeclampsia-related premature delivery [84]. 

 

IV. Emerging therapy and preventive approaches 

Multiple novel predictors, therapies, treatment, and monitoring transport fashions are beneath a variety of phases of improvement 
and medical trials in diagnosing and managing PE. 

1. Novel Drug Therapies 
Statins play a role in the management of inflammation, and it is believed that the improvement of PE is prompted by way 
of the worsening of inflammation. The mechanism by using which statins suppress C-reactive protein is impartial of their 
capability to inhibit HMG-CoA reductase activity. Statins have a recommended effect on endothelial cells even when their 
dysfunction is severe. Their potential to extend nitric oxide (NO) tiers and vascular rest is facilitated through their 
stimulation of endothelial nitric oxide synthase (eNOS) expression through the PI3k/Akt pathway or by means of 
upregulating haem-oxygenase-1 levels. Statins, in particular pravastatin, have been proven in research to positively 
influence blood stress and decrease the possibility of damaging being pregnant effects [85].Because PE can be defined via 
abrupt atherosclerotic adjustments in the uterine arteries, pravastatin, by way of reducing the synthesis of cholesterol, may 
want to extend placental perfusion in the condition. Through overexpression of complement inhibitor decay-accelerating 
thing (DAF) and reduction of C5a activation in the cervix, pravastatin seems to decrease complement activation in animal 
(mouse) models [86]. The American Food and Drug Administration (FDA) does now not advise the use of statins for all 
pregnant female in spite of the truth that they have been observed to make contributions to PE danger mitigation or 
stabilization of its medical features. This is thinking about statins decrease ldl cholesterol levels, which reduce the fetus’s 
capacity to take in them, growing the hazard of miscarriages or fetal congenital defects [85]. 
Low-dose aspirin, given at 81-150 mg per day, is the most evidence-based preventive measure. It usually starts earlier than 
16 weeks of gestation [87].  
Prophylactic administration of low-dose aspirin (60-150 mg) beginning at some point of the first trimester of being 
pregnant lowered the hazard of PE and substantially destructive perinatal effects in women who had been at expanded risk. 
More specifically, the facts advised barely decrease probabilities of intrauterine growth retardation (IUGR), preterm birth, 
and perchance perinatal mortality. There was once additionally a great version in birth weight, which was once constant 
with a reduced risk of preterm birth and IUGR [88]. 
Across a clinically various set of trials, every day aspirin utilization for the duration of being pregnant for these at improved 
danger of PE constantly yielded advantages on perinatal mortality, preterm birth, fetal growth restriction, and PE diagnosis. 
A extensive quantity of trial statistics shows that there is no conclusive proof of predominant risks associated to each day 
low-dose aspirin use for the duration of the second and third trimesters of pregnancy [89]. The timing of initiation impacts 
how properly aspirin supplementation works. There is very minimal advantage to PE if it is started out after 16 weeks of 
gestation [90]. 
 

2. Targeted Therapies 

New procedures for diagnosis, prediction, and management might also open up as the significance of angiogenic imbalance 
in PE will become greater obvious [91]. There have additionally been pointers for therapeutic methods that goal the 
angiogenic imbalance in PE. Treatment with VEGF-121 has been confirmed to decrease excessive blood pressure linked 
to placental ischemia and sFlt1 overexpression, enhance glomerular filtration rate, and beautify endothelial characteristic 
in an animal (rat) mannequin [91]. 
 

3. Immunomodulatory Approaches 
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IL-17 serves as a pivotal mediator in infection and antibacterial responses. It has been related with compromised tolerance 
in more than a few medical conditions, like PE, autoimmunity, contact dermatitis, and transplant rejection. Secukinumab, 
a monoclonal antibody concentrated on IL-17, has been employed to regulate the Th imbalance in psoriasis, contact 
dermatitis, and discoid lupus erythematosus. Tibulizumab, a twin antagonist tetravalent antibody towards IL-17 and B-cell 
activating factor (BAFF) used in the administration of Sjogren's disorder, gives as an achievable approach to alleviate 
infection in PE that can also be both causal or a downstream mediator. Other biologic agents, like TNF-α blockade, have 
tested profitable in decreasing infection in inflammatory bowel ailment and have been safely utilized at some point of 
pregnancy, displaying promise in addressing the located distinction in Th1/Th2 stages in PE [92].  
 
Eculizumab, a monoclonal antibody that blocks C5, has been accepted by way of the FDA to be used in being pregnant 
with paroxysmal nocturnal hemoglobinuria and odd hemolytic uremic syndrome. It has additionally proven efficacy in 
treating HELLP syndrome, main to extended laboratory parameters and prolonged being pregnant in a said case. 
Zilucoplan, a small molecule inhibitor of C5a used for myasthenia gravis, may also maintain viable advantages in HELLP 
or PE remedy [92].Hydroxychloroquine (HCQ), an immunomodulatory agent with anti-inflammatory and antimalarial 
properties, is regularly employed in treating autoimmune diseases, inclusive of these posing a hazard for PE, such as lupus 
or antiphospholipid syndrome. HCQ inhibits NFĸB recreation by way of blocking off the phosphorylation of kappa B 
inhibitor, thereby downregulating inflammatory elements managed by way of NFĸB. As an end result of HCQ 
supplementation, cytotrophoblastic cells show off decreased sFlt1 secretion and improved proangiogenic elements [90]. 
Furthermore, HCQ's antithrombotic exercise may additionally stop fibrin formation, mitigating the hazard of placental 
insufficiency and PE development. Numerous research propose that HCQ holds promise towards PE, with findings 
indicating greater quotes of live births, decrease being pregnant morbidity, and decreased possibility of PE improvement 
[90]. 
 

4. Telemedicine and Remote Monitoring 

         ACOG classifies the telehealth models into three large categories, namely,                   synchronous (real-time), asynchronous 
(sending scientific imaging for later interpretation), or far off monitoring [93]. The COVID-19 pandemic accelerated the adoption 
of telehealth offerings for pregnant women, proving to be each secure and cost-effective. Telehealth, which include text-based 
systems, has been piloted in the UK, demonstrating multiplied affected person satisfaction, decreased visits to day-assessment units, 
and decrease appointment expenses [94]. While stringent feto-maternal surveillance is historically endorsed via inpatient monitoring 
to avoid complications, post-COVID-19 telehealth applications have effectively delivered round 50% of antenatal consultations 
except compromising the prognosis and administration of frequent being pregnant issues related with PE, in contrast to 
conventionally delivered antenatal care [95]. However, telehealth and far flung monitoring do have exceptions on the grounds that 
they can't be utilized in extreme PE. 

V. Future prospectives 

1. Ongoing Clinical Trials, Technologies, and Innovations 

The management of PE is at a crossroads, requiring new views and dedicated lookup efforts in the introduction of present day 
biomarkers, centered drug therapies, superior diagnostic applied sciences for immediate identification, and environment friendly 
healing procedures to enhance consequences for each the mom and the  fetus. A noteworthy medical trial performed by means of 
Paidas et al. underscored the restricted advantages of recombinant human antithrombin in preterm PE, as it failed to lengthen being 
pregnant length or yield massive upgrades in neonatal and maternal results [96]. In a separate current study, it used to be verified 
that overweight girls with PE receiving a precise magnesium dosage routine constantly executed therapeutic blood magnesium 
concentrations, a vital element of the prevention of eclampsia in preeclamptic sufferers [97]. Furthermore, Culebras et al. carried 
out a double-blinded, randomized, multicenter trial to consider the efficacy and aspect consequences of intrathecal nalbuphine and 
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intrathecal morphine for postoperative ache reduction following cesarean births. Remarkably, each preferences did no longer lead 
to respiratory melancholy in both the mom or the infant, with intrathecal nalbuphine at 0.8 mg proving incredibly high quality for 
intraoperative and on the spot postoperative ache relief. It's necessary to notice that solely morphine provided long-lasting analgesia 
[98]. 

As the subject of analysis and management of PE advances, extra trials are underway to in addition enhance transport timing and 
beautify fetal outcomes. For example, ongoing trials intention to consider whether or not Digibind® (anti-digoxin antibody) can 
extend the timing of transport in extreme PE cases. This lengthen should grant maternally delivered steroids with extra time to 
mitigate respiratory difficulties in preterm newborns. These modern investigations preserve the promise of revolutionizing PE care, 
providing new hope for expectant moms and their fetuses [99]. Moreover, different researchers are committed to mitigating 
postpartum hypertension in preeclamptic women by way of using loop diuretics like torsemide. These diuretics speed up the 
elimination of extra fluids that accumulate due to PE, lowering the incidence of postpartum hypertension [100]. However, diuretics 
may want to no longer assist with different subtypes of PE or gestational hypertension on the grounds that the use of diuretics in 
the course of being pregnant will amplify the hazard of pre-term delivery [101]. 

2. Multidisciplinary Collaboration in Research on PE 

Pregnancy is an emotional disaster for a lot of women, main to stress and anxiety. It is due to many stress factors, one of them being 
PE. It is an unbiased stress factor. After the prognosis of this condition, on the spot and fabulous remedy and examination of the 
mom are of utmost significance [102]. The WHO definition of quality-of-life states “the appreciation an individual has of their very 
own lifestyles inside the context of their way of life and values and non-public objectives, standards, and concerns.” During 
pregnancy, the mother’s personal fitness requirements and life’s appreciation trade as the focal point strikes on the fetus at some 
stage in this time. Therefore, women endure psychological variations due to the fact of worries and fears associated to pregnancy, 
which would possibly have an effect on their great of lifestyles [103]. PE can lead to prolonged in-patient health center stays for 
diagnosis, treatment, or more than one follow-ups of the patients, and there is a viable incidence of unforeseeable events,e.g., 
preterm labor and fetal complications, as a result inflicting a fundamental pressure on pregnant women [102].  

Additionally, there are sudden clinical interventions required, and once in a while worry of demise can additionally lead to 
anxiousness and extreme fright in mothers. The suggest nervousness ratings are viewed to be greater in women identified with PE. 
Rigó et al. said remarkably excessive nervousness stages in pregnant women with PE when in contrast to wholesome pregnant 
female [104].The fundamental goal in a woman with a prior records of PE is to decrease the incidence of modifiable hazard elements 
for future recurrence. Thus, it is a ought to that maternal health be multiplied and optimized prior to conception. This can be done 
by means of psycho-educational counselling. It is encouraged that it must start six weeks postpartum in sufferers these patients. The 
guidelines consist of danger amendment techniques to minimize recurrence, i.e., strict monitoring of blood pressure, way of life 
enhancement and modifications, and glycemic manipulate must be tried [105]. Crovetto et al. said that the Mediterranean diet and 
mindfulness assist to minimize the incidence of small of age delivery weight in newborns [106]. Thus, presenting intellectual fitness 
interventions for a pregnant woman is quintessential to grant protection for the emotional improvement of children. Hence, taking 
care of women with determinants of anxiety, as nicely as psychological counselling and well timed referral to higher and advanced 
diagnostic and therapy centers, can enhance the fantastic of existence and minimize maternal and fetal mortality and morbidity 
[102]. Women having low guide from partners, family, and pals have a tendency to have ineffective psychosocial resources, in 
particular social balance and social participation, and as a result acquire inadequate emotional and psychological guide from their 
social circle [105]. 

PE is a sickness with an excessive incidence in low- and middle-income nations in contrast to high-income nations [107]. The 
excessive occurrence of PE in these low- and middle-income international locations is difficult due to poor sources that reason issue 
in the prognosis and administration of this condition. Existing sociocultural, economic, and geographic obstacles similarly prolong 
the excellent cure and restrained get right of entry to emergency obstetric care, then irritate the already prevailing negative outcomes. 
Thus, addressing a single aspect is now not enough, and a multifaceted method desires to be analysed, developed, and applied with 
personalized techniques and movements that are contingent on enhancing PE effects [108].Adequate grant of resources, ideal 
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education for healthcare providers, and handy get right of entry to splendid healthcare are critical elements in PE administration 
[109]. The midwives play a strategic function as mental-physical supporters. They are accountable for enjoyable moms and 
decreasing their anxiety. Midwives would understand the warning symptoms and facilitate well timed prognosis and therapy 
[102].The position of midwives and clinical gurus in conducting activities clinical examinations, such as well-timed blood strain 
size and monitoring of proteinuria at some stage in prenatal visits, is of utmost significance in the early detection of PE. The most 
fantastic screening technique for early detection of PE is for the midwives to perceive high-risk female and provoke terrific 
administration promptly. The viable advantages of calcium supplementation, antioxidant use, and blood strain rules in lowering the 
danger of PE [109]. 

                                                       V. Conclusions 

The identification and remedy of patients at expanded hazard of PE is a unexpectedly altering field. Better prediction of PE and its 
related negative effects is nonetheless needed. Recently, many research have been performed on the introduction of angiogenic 
biomarkers into daily medical exercise to higher pick out pregnant girls at threat of PE and its results and to allow quicker and extra 
dependable exclusion of the disease, notwithstanding the presence of scientific indications. Many facilities have begun to use these 
days brought standards to outline PE. The use of biomarkers is growing and has the possible to enhance care and minimize maternal 
and fetal morbidity and mortality. Based on several studies, it can be safely concluded that the sFlt-1/PlGF ratio performs an essential 
position in predicting the incidence of PE in pregnant women. The sFlt-1/PlGF ratio confirmed higher diagnostic overall 
performance than did single biomarkers. Literature analysis confirmed that the incidence of PE appreciably multiplied the stage of 
sFlt-1 and considerably accelerated the stage of the sFlt1/PlGF ratio. An sFlt-1/PlGF ratio £38 has an excessive poor predictive fee 
for with the exception of PE inside four weeks of assessment, between 24 and 37 weeks of gestation. In turn, excessive sFlt-1/PlGF 
ratio values enable for the prediction of signs and perchance unfavourable consequences of PE with excessive certainty. 

 In conclusion, PE is a complicated hypertensive disease of being pregnant characterised by means of ordinary placental and 
systemic vascular dysfunction. The modern-day anti-hypertensive cure pointers advise methyldopa as the drug of choice, and 
termination of being pregnant is the solely healing remedy available. The cutting-edge protocols have limitations, the principal 
being the lack of fine predictive biomarkers that can predict the chance of PE earlier than the onset of symptoms. The administration 
of PE is at a crossroads, requiring new views and dedicated lookup efforts in the introduction of brand new biomarkers, focused 
drug therapies, superior diagnostic applied sciences for instant identification, and environment friendly remedies to enhance 
consequences for each the mom and the fetus. The multidisciplinary method of pre-conceptional counselling in high-risk women, 
psychoeducational counselling of expectant mothers, and applicable education of health care vendors have full-size roles in the 
reduction of maternal mortality and higher outcomes. 

Conflict of Interest 

All authors declare no conflicts of interest. 

Author Contribution 

Authors have equally participated and shared every item of the work.  

References 

[1]- Hackelöer, Max, Leon Schmidt, and Stefan Verlohren. "New advances in prediction and surveillance of preeclampsia: role of 
machine learning approaches and remote monitoring." Archives of gynecology and obstetrics 308.6 (2023): 1663-1677. 

[2]- Rana, Sarosh, Suzanne D. Burke, and S. Ananth Karumanchi. "Imbalances in circulating angiogenic factors in the 
pathophysiology of preeclampsia and related disorders." American journal of obstetrics and gynecology 226.2 (2022): S1019-
S1034. 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2024 Scholar AI LLC. 

https://ijpsat.org/                                                    Vol. 46 No. 2 September 2024, pp. 537-558 

 
Vol. 46 No. 2 September 2024               ISSN: 2509-0119 552 

[3]- Magee, Laura A., Kypros H. Nicolaides, and Peter Von Dadelszen. "Preeclampsia." New England Journal of Medicine 386.19 
(2022): 1817-1832. 

[4]- Cantwell, Roch, et al. "Saving Mothers' Lives: Reviewing maternal deaths to make motherhood safer: 2006-2008. The Eighth 
Report of the Confidential Enquiries into Maternal Deaths in the United Kingdom." BJOG: an international journal of obstetrics 
and gynaecology 118 (2011): 1-203. 

[5]- Gyselaers, Wilfried. "Preeclampsia is a syndrome with a cascade of pathophysiologic events." Journal of clinical medicine 9.7 
(2020): 2245. 

[6]- Zhang, Jun, Mark A. Klebanoff, and James M. Roberts. "Prediction of adverse outcomes by common definitions of hypertension 
in pregnancy." Obstetrics & Gynecology 97.2 (2001): 261-267. 

[7]- Espinoza, J., et al. "ACOG practice bulletin no. 202: gestational hypertension and preeclampsia." Obstet Gynecol 133.1 (2019): 
e1-25. 

[8]- American College of Obstetricians and Gynecologists. "ACOG Practice Bulletin No. 222: gestational hypertension and 
preeclampsia." Obstet Gynecol 135.6 (2020): e237-e260. 

[9]- Brown, Mark A., et al. "Hypertensive disorders of pregnancy: ISSHP classification, diagnosis, and management 
recommendations for international practice." Hypertension 72.1 (2018): 24-43. 

[10]- Magee, Laura A., et al. "Diagnosis, evaluation, and management of the hypertensive disorders of pregnancy: executive 
summary." Journal of Obstetrics and Gynaecology Canada 36.5 (2014): 416-438. 

[11]- Turbeville, Hannah R., and Jennifer M. Sasser. "Preeclampsia beyond pregnancy: long-term consequences for mother and 
child." American Journal of Physiology-Renal Physiology 318.6 (2020): F1315-F1326. 

[12]- Phipps, Elizabeth, et al. "Preeclampsia: updates in pathogenesis, definitions, and guidelines." Clinical Journal of the American 
Society of Nephrology 11.6 (2016): 1102-1113. 

[13]- Karrar, Shahd A., Daniel J. Martingano, and Peter L. Hong. "Preeclampsia." StatPearls [Internet]. StatPearls Publishing, 2024. 

[14]- Burton, Graham J., et al. "Pre-eclampsia: pathophysiology and clinical implications." Bmj 366 (2019). 

[15]- Rybak-Krzyszkowska, Magda, et al. "From Biomarkers to the Molecular Mechanism of Preeclampsia—A Comprehensive 
Literature Review." International Journal of Molecular Sciences 24.17 (2023): 13252. 

[16]- Pijnenborg, Robert. "The placental bed." Hypertension in pregnancy 15.1 (1996): 7-23. 

[17]- Pijnenborg, Robert. "Trophoblast invasion and placentation in the human: morphological aspects." Trophoblast invasion and 
endometrial receptivity: novel aspects of the cell biology of embryo implantation. Boston, MA: Springer US, 1990. 33-47. 

[18]- Strickland, Sidney, and William G. Richards. "Invasion of the trophoblasts." Cell 71.3 (1992): 355-357. 

[19]- Khong, T. Yee, I. Hilary Sawyer, and Andrew R. Heryet. "An immunohistologic study of endothelialization of uteroplacental 
vessels in human pregnancy-evidence that endothelium is focally disrupted by trophoblast in preeclampsia." American journal of 
obstetrics and gynecology 167.3 (1992): 751-756. 

[20]- Lam, Chun, Kee-Hak Lim, and S. Ananth Karumanchi. "Circulating angiogenic factors in the pathogenesis and prediction of 
preeclampsia." Hypertension 46.5 (2005): 1077-1085. 

[21]- Wang, Weikai, et al. "Meta-analysis of cardiovascular risk factors in offspring of preeclampsia pregnancies." Diagnostics 13.4 
(2023): 812. 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2024 Scholar AI LLC. 

https://ijpsat.org/                                                    Vol. 46 No. 2 September 2024, pp. 537-558 

 
Vol. 46 No. 2 September 2024               ISSN: 2509-0119 553 

[22]- Anto, Enoch Odame, et al. "Prevalence of preeclampsia and algorithm of adverse foeto-maternal risk factors among pregnant 
women in the Central Region of Ghana: A multicentre prospective cross-sectional study." PLoS One 18.6 (2023): e0288079. 

[23]- Sande, Anne Kvie, et al. "Pregestational maternal risk factors for preterm and term preeclampsia: A population‐based cohort 
study." Acta Obstetricia et Gynecologica Scandinavica 102.11 (2023): 1549-1557. 

[24]- Tyrmi, Jaakko S., et al. "Genetic risk factors associated with preeclampsia and hypertensive disorders of pregnancy." JAMA 
cardiology 8.7 (2023): 674-683. 

[25]-Verlohren, Stefan, et al. "Clinical interpretation and implementation of the sFlt-1/PlGF ratio in the prediction, diagnosis and 
management of preeclampsia." Pregnancy hypertension 27 (2022): 42-50. 

[26]- Zeisler, Harald, et al. "Predictive value of the sFlt-1: PlGF ratio in women with suspected preeclampsia." New England Journal 
of Medicine 374.1 (2016): 13-22. 

[27]- Rana, Sarosh, et al. "Clinical characterization and outcomes of preeclampsia with normal angiogenic profile." Hypertension 
in pregnancy 32.2 (2013): 189-201. 

[28]- Creswell, Lyndsay, et al. "Perspectives on the Use of Placental Growth Factor (PlGF) in the Prediction and Diagnosis of Pre-
Eclampsia: Recent Insights and Future Steps." International Journal of Women's Health (2023): 255-271. 

[29]- Tsiakkas, A., et al. "Serum placental growth factor in the three trimesters of pregnancy: effects of maternal characteristics and 
medical history." Ultrasound in obstetrics & gynecology 45.5 (2015): 591-598. 

[30]- Chau, Katrina, Annemarie Hennessy, and Angela Makris. "Placental growth factor and pre-eclampsia." Journal of human 
hypertension 31.12 (2017): 782-786. 

[31]- Chau, Katrina, Annemarie Hennessy, and Angela Makris. "Placental growth factor and pre-eclampsia." Journal of human 
hypertension 31.12 (2017): 782-786. 

[32]- Karpova, Nataliia Sergeevna, Olga Pavlovna Dmitrenko, and Tatyana Sergeevna Budykina. "Literature review: The 
sFlt1/PlGF ratio and pregestational maternal comorbidities: New risk factors to predict pre-eclampsia." International Journal of 
Molecular Sciences 24.7 (2023): 6744. 

[33]- Roberts, James M., and Augustine Rajakumar. "Preeclampsia and soluble fms-like tyrosine kinase 1." The Journal of Clinical 
Endocrinology & Metabolism 94.7 (2009): 2252-2254. 

[34]- Maynard, Sharon E., et al. "Excess placental soluble fms-like tyrosine kinase 1 (sFlt1) may contribute to endothelial 
dysfunction, hypertension, and proteinuria in preeclampsia." The Journal of clinical investigation 111.5 (2003): 649-658. 

[35]- Levine, Richard J., et al. "Circulating angiogenic factors and the risk of preeclampsia." New England journal of medicine 
350.7 (2004): 672-683. 

[36]- Verlohren, Stefan, et al. "The sFlt-1/PlGF ratio in different types of hypertensive pregnancy disorders and its prognostic 
potential in preeclamptic patients." American journal of obstetrics and gynecology 206.1 (2012): 58-e1. 

[37]- Verlohren, Stefan, 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 63.2 (2014): 346-352. 

[38]- Stepan, H., et al. "Clinical utility of sFlt‐1 and PlGF in screening, prediction, diagnosis and monitoring of pre‐eclampsia and 
fetal growth restriction." Ultrasound in Obstetrics & Gynecology 61.2 (2023): 168-180. 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2024 Scholar AI LLC. 

https://ijpsat.org/                                                    Vol. 46 No. 2 September 2024, pp. 537-558 

 
Vol. 46 No. 2 September 2024               ISSN: 2509-0119 554 

[39]- Andersen, Lise Lotte Torvin, et al. "Decision Threshold for Kryptor sFlt‐1/PlGF Ratio in Women With Suspected 
Preeclampsia: Retrospective Study in a Routine Clinical Setting." Journal of the American Heart Association 10.17 (2021): e021376. 

[40]- Álvarez-Fernández, Indira, et al. "New biomarkers in diagnosis of early onset preeclampsia and imminent delivery prognosis." 
Clinical Chemistry and Laboratory Medicine (CCLM) 52.8 (2014): 1159-1168. 

[41]- Zeisler, Harald, et al. "Soluble fms-like tyrosine kinase-1-to-placental growth factor ratio and time to delivery in women with 
suspected preeclampsia." Obstetrics & Gynecology 128.2 (2016): 261-269. 

[42]- Soundararajan, Revathi, et al. "Real life outpatient biomarker use in management of hypertensive pregnancies in third trimester 
in a low resource SeTting: ROBUST study." Pregnancy Hypertension 23 (2021): 97-103. 

[43]- Zeisler, Harald, 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 in Obstetrics & Gynecology 53.3 (2019): 367-375. 

[44]- Peguero, A., et al. "Added prognostic value of longitudinal changes of angiogenic factors in early‐onset severe pre‐eclampsia: 
a prospective cohort study." BJOG: An International Journal of Obstetrics & Gynaecology 128.2 (2021): 158-165. 

[45]- Dröge, Lisa Antonia, et al. "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 77.2 (2021): 461-471. 

[46]- Jeon, Hae Rin, et al. "sFlt‐1/PlGF ratio as a predictive and prognostic marker for preeclampsia." Journal of Obstetrics and 
Gynaecology Research 47.7 (2021): 2318-2323. 

[47]- Satorres, Elena, Alicia Martínez-Varea, and Vicente Diago-Almela. "sFlt-1/PlGF ratio as a predictor of pregnancy outcomes 
in twin pregnancies: A systematic review." The Journal of Maternal-Fetal & Neonatal Medicine 36.2 (2023): 2230514. 

[48]- De La Calle, Maria, et al. "Gestational age-specific reference ranges for the sFlt-1/PlGF immunoassay ratio in twin 
pregnancies." Fetal Diagnosis and Therapy 48.4 (2021): 288-296. 

[49]- Zeisler, Harald, et al. "Predictive value of the sFlt-1: PlGF ratio in women with suspected preeclampsia." New England Journal 
of Medicine 374.1 (2016): 13-22. 

[50]- Gathiram, P., and J. J. C. J. O. A. Moodley. "Pre-eclampsia: its pathogenesis and pathophysiolgy: review articles." 
Cardiovascular journal of Africa 27.2 (2016): 71-78. 

[51]- Luewan, Suchaya, et al. "Low maternal serum pregnancy-associated plasma protein-A as a risk factor of preeclampsia." 
Singapore medical journal 59.1 (2018): 55. 

[52]- Fruscalzo, Arrigo, et al. "First trimester PAPP-A serum levels and long-term metabolic outcome of mothers and their 
offspring." Scientific Reports 10.1 (2020): 5131. 

[53]- Wu, Yifan, Yang Liu, and Yiling Ding. "Predictive performance of placental protein 13 for screening preeclampsia in the first 
trimester: a systematic review and meta-analysis." Frontiers in medicine 8 (2021): 756383. 

[54]- Gadde, Ranjeeta, Dayanand Cd, and S. R. Sheela. "Placental protein 13: An important biological protein in preeclampsia." 
Journal of circulating biomarkers 7 (2018): 1849454418786159. 

[55]- Vasilache, Ingrid-Andrada, et al. "Predictive performance of first trimester serum galectin 13/PP 13 in preeclampsia screening: 
A systematic review and meta analysis." Experimental and Therapeutic Medicine 23.6 (2022): 1-12. 

[56]- Andres, Faith, et al. "A disintegrin and metalloproteinase 12 (ADAM12) is reduced at 36 weeks’ gestation in pregnancies 
destined to deliver small for gestational age infants." Placenta 117 (2022): 1-4. 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2024 Scholar AI LLC. 

https://ijpsat.org/                                                    Vol. 46 No. 2 September 2024, pp. 537-558 

 
Vol. 46 No. 2 September 2024               ISSN: 2509-0119 555 

[57]- Goetzinger, Katherine R., et al. "Efficiency of first‐trimester uterine artery Doppler, a‐disintegrin and metalloprotease 12, 
pregnancy‐associated plasma protein a, and maternal characteristics in the prediction of preeclampsia." Journal of Ultrasound in 
Medicine 32.9 (2013): 1593-1600. 

[58]- Choudhury, Kanika Mandi, et al. "Value of Serum beta-hCG in Pathogenesis of Pre-Eclampsia." Journal of Clinical 
Gynecology and Obstetrics 1.4-5 (2012): 71-75. 

[59]- Åsvold, B. O., et al. "Concentrations of human chorionic gonadotrophin in very early pregnancy and subsequent pre-
eclampsia: a cohort study." Human reproduction 29.6 (2014): 1153-1160. 

[60]- Farzaneh, Farah, et al. "Value of α-fetoprotein, β-HCG, inhibin A, and UE3 at second trimester for early screening of 
preeclampsia." Asian Pacific Journal of Reproduction 8.1 (2019): 30-33. 

[61]- Yue, Chao-Yan, et al. "Are serum levels of inhibin A in second trimester predictors of adverse pregnancy outcome?." Plos one 
15.5 (2020): e0232634. 

[62]- Neuman, Rugina I., et al. "PAPP‐A2 and inhibin a as novel predictors for pregnancy complications in women with suspected 
or confirmed preeclampsia." Journal of the American Heart Association 9.19 (2020): e018219. 

[63]- Margioula-Siarkou, Georgia, et al. "Soluble endoglin concentration in maternal blood as a diagnostic biomarker of 
preeclampsia: A systematic review and meta-analysis." European Journal of Obstetrics & Gynecology and Reproductive Biology 
258 (2021): 366-381. 

[64]- Muhammed, Lamyaa Taha, Eham Amer Ali, and H. Hameed. "Role of soluble endoglin in the diagnosis of preeclampsia 
severity in Iraqi women." Syst. Rev. Pharm 12 (2021): 301-305. 

[65]- Perucci, Luiza O., et al. "Soluble endoglin, transforming growth factor-Beta 1 and soluble tumor necrosis factor alpha receptors 
in different clinical manifestations of preeclampsia." PloS one 9.5 (2014): e97632. 

[66]- Duda, Dan G., Dai Fukumura, and Rakesh K. Jain. "Role of eNOS in neovascularization: NO for endothelial progenitor cells." 
Trends in molecular medicine 10.4 (2004): 143-145. 

[67]- Sugulle, Meryam, et al. "Circulating and placental growth-differentiation factor 15 in preeclampsia and in pregnancy 
complicated by diabetes mellitus." Hypertension 54.1 (2009): 106-112. 

[68]- Cruickshank, Tess, et al. "Circulating growth differentiation factor 15 is increased preceding preeclampsia diagnosis: 
implications as a disease biomarker." Journal of the American Heart Association 10.16 (2021): e020302. 

[69]- Odigboegwu, Obinnaya, Lu J. Pan, and Piyali Chatterjee. "Use of antihypertensive drugs during preeclampsia." Frontiers in 
cardiovascular medicine 5 (2018): 50. 

[70]- Podymow, Tiina, and Phyllis August. "Update on the use of antihypertensive drugs in pregnancy." Hypertension 51.4 (2008): 
960-969. 

[71]- Garovic, Vesna D., et al. "Hypertension in pregnancy: diagnosis, blood pressure goals, and pharmacotherapy: a scientific 
statement from the American Heart Association." Hypertension 79.2 (2022): e21-e41. 

[72]- Euser, Anna G., and Marilyn J. Cipolla. "Magnesium sulfate for the treatment of eclampsia: a brief review." Stroke 40.4 
(2009): 1169-1175. 

[73]- Brindley, Beth A., and ROBERT J. SOKOL. "Induction and augmentation of labor: basis and methods for current practice." 
Obstetrical & gynecological survey 43.12 (1988): 730-743. 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2024 Scholar AI LLC. 

https://ijpsat.org/                                                    Vol. 46 No. 2 September 2024, pp. 537-558 

 
Vol. 46 No. 2 September 2024               ISSN: 2509-0119 556 

[74]- Chappell, Lucy C., et al. "Planned early delivery or expectant management for late preterm pre-eclampsia (PHOENIX): a 
randomised controlled trial." The Lancet 394.10204 (2019): 1181-1190. 

[75]- Chappell, Lucy C., et al. "Planned early delivery or expectant management for late preterm pre-eclampsia (PHOENIX): a 
randomised controlled trial." The Lancet 394.10204 (2019): 1181-1190. 

[76]- Sachan, Rekha, et al. "Diagnostic Accuracy of Serum Glycosylated Fibronectin in Prediction of Preeclampsia: A Nested Case–
Control Study." Annals of African Medicine 23.2 (2024): 169-175. 

[77]- Poon, Leona C., and Kypros H. Nicolaides. "Early prediction of preeclampsia." Obstetrics and gynecology international 
2014.1 (2014): 297397. 

[78]- van Helden, Josef, and Ralf Weiskirchen. "Analytical evaluation of the novel soluble fms-like tyrosine kinase 1 and placental 
growth factor assays for the diagnosis of preeclampsia." Clinical biochemistry 48.16-17 (2015): 1113-1119. 

[79]- Espinoza, J., et al. "ACOG practice bulletin no. 202: gestational hypertension and preeclampsia." Obstet Gynecol 133.1 
(2019): e1-25. 

[80]- Sibai, Baha M. "Treatment of hypertension in pregnant women." New England Journal of Medicine 335.4 (1996): 257-265. 

[81]- Magpie Trial Follow‐Up Study Collaborative Group. "The Magpie Trial: a randomised trial comparing magnesium sulphate 
with placebo for pre‐eclampsia. Outcome for children at 18 months." BJOG: An International Journal of Obstetrics & Gynaecology 
114.3 (2007): 289-299. 

[82]- Villar, José, et al. "International standards for newborn weight, length, and head circumference by gestational age and sex: the 
Newborn Cross-Sectional Study of the INTERGROWTH-21st Project." The Lancet 384.9946 (2014): 857-868. 

[83]- Bellamy, Leanne, et al. "Pre-eclampsia and risk of cardiovascular disease and cancer in later life: systematic review and meta-
analysis." Bmj 335.7627 (2007): 974. 

[84]- Villar, J., et al. "World Health Organisation multicentre randomised trial of supplementation with vitamins C and E among 
pregnant women at high risk for pre‐eclampsia in populations of low nutritional status from developing countries." BJOG: An 
International Journal of Obstetrics & Gynaecology 116.6 (2009): 780-788. 

[85]- Smith, Devin D., and Maged M. Costantine. "The role of statins in the prevention of preeclampsia." American journal of 
obstetrics and gynecology 226.2 (2022): S1171-S1181. 

[86]- Costantine, Maged M., et al. "Letter by Costantine et al Regarding Article,“Pravastatin Versus Placebo in Pregnancies at High 
Risk of Term Preeclampsia”." Circulation 145.4 (2022): e115-e116. 

[87]- Committee on Obstetric Practice, and Society for Maternal-Fetal Medicine. "ACOG Committee Opinion No. 743: low-dose 
aspirin use during pregnancy." Obstet Gynecol 132.1 (2018): e44-52. 

[88]- Henderson, Jillian T., et al. "Low-dose aspirin for prevention of morbidity and mortality from preeclampsia: a systematic 
evidence review for the US Preventive Services Task Force." Annals of internal medicine 160.10 (2014): 695-703. 

[89]- Henderson, Jillian T., et al. "Aspirin Use to Prevent Preeclampsia and Related Morbidity and Mortality [Internet]." (2021). 

[90]- Sakowicz, Agata, et al. "New ideas for the prevention and treatment of preeclampsia and their molecular inspirations." 
International Journal of Molecular Sciences 24.15 (2023): 12100. 

[91]- Agarwal, Isha, and S. Ananth Karumanchi. "Preeclampsia and the anti-angiogenic state." Pregnancy Hypertension: An 
International Journal of Women's Cardiovascular Health 1.1 (2011): 17-21. 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2024 Scholar AI LLC. 

https://ijpsat.org/                                                    Vol. 46 No. 2 September 2024, pp. 537-558 

 
Vol. 46 No. 2 September 2024               ISSN: 2509-0119 557 

[92]- Ai-ris, Y. Collier, Laura A. Smith, and S. Ananth Karumanchi. "Review of the immune mechanisms of preeclampsia and the 
potential of immune modulating therapy." Human immunology 82.5 (2021): 362-370. 

[93]- Atkinson, Jessica, et al. "Telehealth in antenatal care: recent insights and advances." BMC medicine 21.1 (2023): 332. 

[94]- Fazal, Nusrat, et al. "Telehealth: improving maternity services by modern technology." BMJ open quality 9.4 (2020): e000895. 

[95]- Palmer, Kirsten R., et al. "Widespread implementation of a low-cost telehealth service in the delivery of antenatal care during 
the COVID-19 pandemic: an interrupted time-series analysis." The Lancet 398.10294 (2021): 41-52. 

[96]- Paidas, Michael J., et al. "Prospective, randomized, double-blind, placebo-controlled evaluation of the pharmacokinetics, 
safety and efficacy of recombinant antithrombin versus placebo in preterm preeclampsia." American journal of obstetrics and 
gynecology 223.5 (2020): 739-e1. 

[97]- Brookfield, Kathleen F., et al. "Alternate dosing protocol for magnesium sulfate in obese women with preeclampsia: a 
randomized controlled trial." Obstetrics & Gynecology 136.6 (2020): 1190-1194. 

[98]- Culebras, Xavier, et al. "Advantages of intrathecal nalbuphine, compared with intrathecal morphine, after cesarean delivery: 
an evaluation of postoperative analgesia and adverse effects." Anesthesia & Analgesia 91.3 (2000): 601-605. 

[99]- Sharma, Dhruvikumari D., et al. "The Management of Preeclampsia: A Comprehensive Review of Current Practices and 
Future Directions." Cureus 16.1 (2024). 

[100]- Olesen, Charlotte, et al. "Effect of diuretics on fetal growth: a drug effect or confounding by indication? Pooled Danish and 
Scottish cohort data." British journal of clinical pharmacology 51.2 (2001): 153-157. 

[101]- Sharma, Dhruvikumari D., et al. "The Management of Preeclampsia: A Comprehensive Review of Current Practices and 
Future Directions." Cureus 16.1 (2024). 

[102]- Abazarnejad, Tayebe, et al. "Effectiveness of psycho-educational counseling on anxiety in preeclampsia." Trends in 
psychiatry and psychotherapy 41.3 (2019): 276-282. 

[103]- Machado, Michelle de Souza Rangel, et al. "Multiprofessional care promotes of quality of life in pregnant women with 
preeclampsia: a cross-sectional study." Clinics 75 (2020): e1951. 

[104]- Rigó Jr, János, et al. "[233-POS]: Postpartum depression and anxiety in hypertensive disorders of pregnancy." Pregnancy 
Hypertension: An International Journal of Women's Cardiovascular Health 5.1 (2015): 117-118. 

[105]- Umamah, Faridah, et al. "The effectiveness of psycho-educational counseling in pregnant women with preeclampsia: A 
systematic review." Journal of Public Health Research 11.3 (2022): 22799036221104161. 

[106]- Crovetto, Francesca, et al. "Effects of Mediterranean diet or mindfulness-based stress reduction on prevention of small-for-
gestational age birth weights in newborns born to at-risk pregnant individuals: the IMPACT BCN randomized clinical trial." Jama 
326.21 (2021): 2150-2160. 

[107]- Garti, Isabella, et al. "A socioecological description of the influencing factors to midwives’ management of preeclampsia in 
a Ghanaian tertiary hospital." PLoS One 18.9 (2023): e0291036. 

[108]- Santos, Leilani L., et al. "Serum leukotriene B4 and hydroxyeicosatetraenoic acid in the prediction of pre-eclampsia." 
Placenta 103 (2021): 76-81. 

[109]- Emilda, Emilda, et al. "Midwifery strategies for preeclampsia: enhancing early detection and intervention for optimal 
maternal health." Path of Science 9.7 (2023): 2015-2022. 


