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Abstract 

Objectives:  

The aim of this project thesis was to review the literature regarding maternal clinical risk 

factors and biomarkers for placenta dysfunction including symphysis-fundus height, 

ultrasound assessment of fetal growth and Doppler measurements of fetal and uteroplacental 

blood flow, and circulating biomarkers.  These tools are evaluated for their ability to predict 

and to diagnose adverse pregnancy outcomes in order to optimize maternal and offspring 

health, both on short- and long-term.  

Methods 

This literature research is based on a non-systematic literature review including different 

combinations of search terms in PubMed/ helsebiblioteket.no. The search was conducted to 

identify relevant biomarkers predicting placental dysfunction, i.e. preeclampsia, fetal growth 

restriction, premature birth, and intrauterine fetal death. Review articles were first selected 

from the original literature research. Original research papers were then selected based on 

abstract reading.   

Results 

Known maternal clinical risk factors for placental dysfunction and adverse pregnancy 

outcome include prior hypertensive disorders of pregnancy (in particular early-onset 

preeclampsia) as well as previous preterm delivery, antiphospholipid antibody syndrome, 

chronic hypertension, pregestational diabetes and elevated BMI. Biomarkers for placental 

dysfunction include elevated Doppler pulsatility index of the uterine artery and fetoplacental 

blood flow (evaluated by maternal abdominal ultrasound) as well as maternal circulating 

biomarkers such as placental growth factor. Available placenta biomarkers can be used in the 

surveillance and the prediction of placental dysfunction and adverse pregnancy outcomes, but 

have best predictive ability during screening when combined with other screening variables.  

Conclusions 

Further research is needed to identify optimal pregnancy screening programs that provide best 

use of antenatal biomarkers for securing maternal and offspring health within the best cost-

benefit frame of each relevant geographical, cultural, and health resource setting. 
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Introduction 
This project thesis reviews maternal clinical risk factors and commonly used biomarkers to 

screen for adverse pregnancy outcomes associated with placental dysfunction. The project has 

assessed four commonly used screening tools in pregnancy: maternal clinical risk factors, 

symphysis-fundus height, ultrasound/ Doppler measurements, and circulating biomarkers. The 

project thesis aims to review the literature on the field and to use these results to propose how 

placental biomarkers may be used to make further progress in prediction, prevention, and 

clinical management of placental syndromes such as preeclampsia, intrauterine fetal growth 

restriction, premature birth and intrauterine fetal demise. The thesis is written as part of the 

medical student program at the Medical Faculty at the University of Oslo.  

My supervisor Professor Anne Cathrine Staff (University of Oslo and Oslo University 

Hospital) has given excellent guidance throughout the work. I am very grateful for her support 

and enthusiasm, as well as for her sharing of expertise.  
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Background 
The syndrome of preeclampsia was first described by the ancient Greeks as convulsions 

developing post-partum. The convulsions were later recognized as eclamptic seizures which 

today is known as a result of placental dysfunction (2). The pulse of a preeclamptic woman 

was described as a “hard, bounding pulse” thousands of years before the first 

sphygmomanometer was invented (3), even though methods for measuring blood pressure 

first were available from 1875. The first tracings of blood pressure measurements in 

preeclamptic and eclamptic women showed arterial blood pressure considerably increased, as 

of today known as a clinical sign for placental dysfunction (4). 

Placental dysfunction occurs when the placenta fails to sufficiently meet the maternal 

and fetal demand, and is broadly defined as a condition where the placenta fails to properly 

support the developing fetus (2, 4, 5). The duration of pregnancies complicated by placental 

dysfunction may be limited by decreasing placental capacity (2), leading to different obstetric 

syndromes such as preeclampsia (4), intrauterine fetal growth restriction (2, 4), preterm birth 

(6, 7), and/ or intrauterine fetal demise (8).  

The placenta-induced multisystem disorder preeclampsia is characterized by new-

onset gestational hypertension developing after gestational week 20 accompanied by new-

onset proteinuria and/ or other maternal organ dysfunction (2, 4, 9). Maternal organ 

dysfunction signs includes signs of kidney dysfunction, epigastric abdominal pain with or 

without elevated liver enzymes, neurological complications or hematological complications 

such as thrombocytopenia, disseminated intravascular coagulation (DIC), and hemolysis. The 

preeclampsia syndrome is also characterized by uteroplacental dysfunction with or without 

fetal growth restriction. Preeclampsia may also  first present with clinical signs in pregnancy 

wothout a fetus, or as post-partum preeclampsia developing after delivery of the placenta (4). 

Preeclampsia is however a multisystem disorder, where the dysfunctional placenta is a 

key factor in the pathophysiology, and where the cause and timing of the placental 

dysfunction may have different pathophysiological causes and risk factors (4, 10, 11). The 

placental dysfunction leading to preeclampsia is mediated by dysfunctional 

syncytiotrophoblasts, which when stressed by malperfusion changes its signaling to the 

mother (2). Poor placentation and abnormal spiral artery remodeling may explain some of the 

pathology leading to preeclampsia, especially the early-onset syndrome. The definition of 

early-onset preeclampsia is widely differing between studies with thresholds of onset differing 
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from gestational week 28 and 37, yet most researchers consider the early-onset disease to 

clinically present before pregnancy week 34 (11).  

 Early-onset preeclampsia differs from late-onset preeclampsia in severity and 

complications, with late-onset at greater risk of further development of HELLP-syndrome 

whereas the early onset syndrome more often presents with a growth restricted fetus (9, 11).  

However, severity and onset of the disease should be carefully used clinically, as there is no 

clear cut-off mechanistically or clinically between r early- and late-onset preeclampsia. The 

HELLP-syndrome is a life-threatening severe feature of preeclampsia, presenting with the 

combination of the laboratory blood analysis signs of hemolysis, elevated liver enzymes and 

thrombocytopenia (9).  

Fetal growth restriction (FGR) is defined as a fetus not reaching its genetically growth 

potential (12). Often overlapping for the smallest born babies, but clinically not the same, is 

SGA (small for gestational age), a definition based on born fetal weight under the 10th 

percentile by fetal sex and gestational age (sometimes <2.5th, <3rd or <5th percentile may be 

used) (13). Preeclampsia with or without intrauterine fetal growth restriction (IUGR/FGR) or 

fetal growth restriction without preeclampsia may also differ in pathophysiology (4). One 

should however not confuse the definition of intrauterine fetal growth restriction with small 

for gestational age. IUGR refers to reduced growth in serial biometry measurements of the 

growing fetus (and/or adverse feta-placental or fetal flow parameters), however, the fetus is 

not diagnosed an SGA fetus before weight is measured under the 10th percentile.  A fetus 

found appropriate for gestational age (AGA) has by ultrasound biometry an estimated fetal 

weight (EWF) of the 10th -90th percentiles (or has a born weigh at the same percentiles) (13). 

In early-onset preeclampsia or in pregnancies complicated by a growth restricted fetus, 

preterm delivery is more likely to occur (6), mostly due to iatrogen (doctor’s) clinical decision 

to promote a better outcome for mother and offspring.  

Preterm birth is a delivery occurring between gestational week 20 and 37 preceding or 

not preceding spontaneous or non-spontaneous preterm labor. Occurring in 5 to 18 percent (6) 

of births worldwide, it is likely to occur when factors or cascades preceding birth are 

adversely stimulated or suppressed prematurely. Placental dysfunction leading to 

preeclampsia or intrauterine fetal growth restriction is among the main placental causes 

leading to premature birth (4, 6, 12). Threatening preterm delivery may also precede 

complications not directly identified through a dysfunctional placenta, such as short cervical 



7 
 

length, preterm labor pains, or premature rupture of the membranes (7, 13).  Identification of 

women with true preterm labor is necessary for interventions decreasing the risk for preterm 

birth and improving maternal and neonatal outcome (7).  

The most common reason for intrauterine fetal demise in high income countries is 

placental pathology such as in intrauterine fetal growth restriction, placental malformation, or 

placental abruption. Preeclampsia is also a major risk factor for fetal death. Transplacental 

infections, umbilical cord complications, fetal chromosome aberrations, fetal malformations 

or maternal illnesses such as chronic hypertension, (pre-existing) diabetes or intrahepatic 

cholestasis are also known complications possibly leading to placental dysfunction and 

intrauterine fetal demise (6, 7). The diagnosis is based on absence of breathing or other 

evidence of life, and the lower thresholds of defining a fetal death vary among countries from 

a lower threshold of 16-28 weeks of gestation and/ or a birth weight threshold range from 400 

to 1000 grams (8, 14).  

The placental pathology causing placental dysfunction with development of 

preeclampsia, intrauterine fetal growth restriction, premature birth and intrauterine fetal 

growth restriction are still not completely understood (4). However, medical surveillance 

methods and clinical biomarkers predicting placental dysfunction are accessible and research 

is conducted to develop improved surveillance and prediction methods. The Merriam-Webster 

Medical Dictionary defines a biomarker as “a distinctive biological or biologically derived 

indicator (such as a metabolite) of a process, event, or condition (such as aging, disease, or 

oil formation)” (15). 

Medical surveillance methods are needed to predict and to manage placental 

syndromes in order to decrease the number of pregnancy related complications and to reduce 

long-term related health consequences for the pregnant woman and her fetus. Studies have 

documented that early prediction of preeclampsia may be increased by combining a set of 

biomarkers and clinical characteristics in gestational week 11-14 of pregnancy: maternal 

characteristics, maternal mean arterial pressure (MAP), uterine artery pulsatility index and 

maternal serum biomarkers (in particular placental growth factor (PlGF), but pregnancy 

associated plasma protein-A (PAPP-A) has also been assessed in such screening algorithms 

(16, 17) .   
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This project thesis reviews available clinical maternal risk factors and screening tools 

such as symphysis-fundus height, ultrasound/ Doppler measurements, and circulating 

biomarkers for pregnancies complicated by preeclampsia, intrauterine fetal growth restriction, 

premature birth, and intrauterine fetal demise.  
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Materials and methods 
This project thesis is based on a non-systematic literature research including different 

combinations of search terms in the MEDLINE (PubMed) database in January 2020. Studies 

focusing on maternal circulating placenta-derived biomarkers predicting preeclampsia, fetal 

growth restriction, preterm birth or (intrauterine) fetal demise were included, as were studies 

assessing maternal clinical risk factors, symphysis-fundus height, and ultrasound 

measurements of uteroplacent al or fetal blood flow. 

The following words were differently combined in the search: 

"Placenta Diseases" OR "Placental Insufficiency" OR "Placental Insufficiency" OR placental 

dysfunction  

AND (either) 

Biomarkers" OR biomarker* OR circulat* OR predict* OR screen* OR Doppler OR 

ultrasound OR ultrasono* OR ultrasonic OR sonograph* OR echograph* OR (symphysis 

AND fundus) OR maternal risk factors OR maternal risk factor OR preeclampsia OR pre-

eclampsia OR "Small for Gestational Age" OR Small for Gestational Age OR "Fetal Growth 

Retardation" OR Intrauterine Growth Restriction OR "Premature Birth" OR "Premature 

Birth" OR "Fetal Death" OR "Fetal Death" OR "Foetal Death" OR "Fetal Demise" OR 

"Foetal Demise"  

Filters: Review; Abstract 

Literature search for the project was performed in two steps; systematic reviews were 

selected for further reading based on their abstracts. Relevant original papers from the search 

and additional articles identified through searching the reference lists from the included 

reviews were included. Articles were selected on the basis of abstract reading in agreement 

with supervisor, Professor Anne Cathrine Staff, who also provided some additional studies 

and reviews of particular relevance, due to her expertise in placental dysfunction and 

pregnancy screening for adverse outcomes related to placenta dysfunction. 

The inclusion criteria required at least one investigated biomarker per pregnant women 

studied. Data on population characteristics and placental health biomarker findings regarding 

maternal risk factors, symphysis-fundus measurements, ultrasound measurements and 

maternal circulating biomarkers were extracted. Because of the variety in type of placental 
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health biomarkers, a qualitative summarization of the results for each biomarker group 

(maternal risk factors, symphysis-fundus measurements, ultrasound measurements and 

maternal circulating biomarkers) was conducted. 
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Results 

Maternal clinical risk factors for placental dysfunction 

Maternal clinical risk factors for placental dysfunction have been widely investigated, and 

some risk factors highly increase the risk of placental syndromes (13). Preeclampsia risk 

increases with ethnicity (e.g. women of African descent) (18, 19), primiparity (20), maternal 

age over 40 years (21), maternal BMI over 26, and pre-existing conditions such as 

hypertension, renal disease, diabetes mellitus as well as pregnancy induced gestational 

diabetes mellitus (4, 22). Other maternal congenital or immunological conditions such as 

maternal antiphospholipid syndrome (23) or systemic lupus erythematosus (24) are other rare 

conditions known to largely increase the risk of adverse pregnancy outcome. In this result 

section some of the risk factors are presented.  

 

Maternal BMI 

Obesity induces a low-grade inflammatory response both in the uterine lining, in the placenta, 

and in the maternal vasculature, and leads likely by several pathways to increased risk of 

placental dysfunction. Increasing maternal BMI >26 kg/m2 is found to linearly increase the 

risk for preeclampsia (13). Most studies have, however, found the risk being highest in obese 

individuals (BMI ≥30 kg/m2).  

Fetal growth velocity is associated with both maternal weight and maternal gestational 

weight gain. Maternal obesity represents an independent risk for fetal hyperinsulinaemia, high 

birthweight, and newborn adiposity. Maternal- and fetal pregnancy long-term outcomes are 

also affected by maternal obesity, which ideally should be prevented already from prior to 

pregnancy (25). 

 

Maternal age 

Advanced maternal age impacts the perinatal and neonatal outcomes with maternal age being 

a risk factor for gestational diabetes mellitus, gestational hypertension, preeclampsia, IUGR, 

preterm delivery, and caesarean section (26). In 2018, the mean age of a primiparous 

Norwegian woman was 29.5 years (27). Advanced maternal age is defined as maternal age of 

35 years or more at the (estimated) time of delivery (21), and is increasingly common in 

developed countries. Adverse pregnancy outcomes in pregnancies with advanced maternal 
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age (≥35 years) coincides with an increased rate of chronic maternal diseases, which 

themselves independently also increase the risk for adverse pregnancy outcomes. 

 

Parity 

Parity refers to a woman’s number of pregnancies lasting over 20 weeks, and is often 

classified into nulliparity (no prior delivery), multiparity (at least one prior delivery), and 

grand parity/ grand multiparity (often defined as 5 or more previous deliveries) (28). Several 

associations are found between parity groups and adverse pregnancy outcomes. 

Multiparous women tend to be older, and in some societies also of lower 

socioeconomic background, both factors contributing to the increased rate of adverse 

pregnancy outcomes observed in multiparous women (29). Bai et al. also found an increased 

multiparity and increased risk of adverse pregnancy outcome in women of lower 

socioeconomic background. After adjusting for socioeconomic and demographic confounders, 

Bai et al. found that primiparous women have different pregnancies and different labors not 

simply comparable to those of multiparous women. However,, the study did not differentiate 

between different obstetrical complications i.e. preeclampsia, IUGR, preterm birth or 

intrauterine fetal demise (30). 

 

Maternal ethnicity 

Placental-associated pregnancy complications vary with ethnicity, and the rates of affected 

fetal growth and both birth and placental weight are found to vary between ethnic groups. The 

weights of a newborn child and the placenta are, for example, found to be lower in Asian 

women, whereas the rate of preterm birth and preeclampsia is often highest in the Afro-

Caribbean population (19). Maternal characteristics normally seen as risk factors for adverse 

outcome, such as elevated BMI, age, and parity, do however differ between ethnic groups, 

and may also contribute to the difference observed in pregnancy outcome between different 

ethnical groups (18).  

 

Maternal pre-existing hypertension 

Hypertension is defined as systolic blood pressure of at least 140 mmHg and diastolic blood 

pressure of at least 90 mmHg, often requiring repeated measurements (such as on at least two 

occasions taken at least 4 hours apart) (31). Chronic hypertension (pre-existing hypertension 

or hypertension detected first 20 weeks of pregnancy) complicates 1-5% of all pregnancies, 
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and is currently increasing, likely due to increasing rates of obese and older pregnant women. 

About 25% of women with chronic hypertension develop superimposed preeclampsia (9), and 

these women do further have an increased risk for IUGR (and small for gestational age), 

preterm birth, and intrauterine fetal demise. 

 

Gestational diabetes mellitus  

Pregnancy is a condition of relatively elevated insulin resistance compared to non-pregnancy, 

with excessive insulin-resistance predisposes for both the development of preeclampsia, 

gestational diabetes mellitus (GDM), and later development of type 2 DM (22). 

GDM is defined as glucose intolerance onset during pregnancy, and GDM screening 

varies between countries. In Norway, the diagnosis of GDM requires fasting blood glucose 

levels of over 5.3 mmol/ L or an oral glucose tolerance test with 2-hours glucose of over 9.0 

mmol/ L (13). GDM is a major risk factor for later maternal development of type 2 DM with a 

7-fold risk compared to normoglycemic pregnancies. GDM is also a major risk factor for 

placental dysfunction syndromes such as fetus being small or large for gestational age, 

preeclampsia, IUGR or IUFD (22).  

 

Signs of movement during pregnancy 

Signs of fetal movement is the movements of a growing fetus felt by the pregnant woman, and 

can also be used as an indication of fetal well-being (32). Women are taught to be aware of 

their fetus’ movements, however, researchers have not managed to stipulate the movements of 

a healthy fetus. Fetal movements are present from around gestational week 20 with increasing 

activity up to pregnancy week 32 before stabilizing. Frequency and type of movement 

changes as the fetus develops, with sleeping periods of 20 to 40 minutes (33). 

 Less than normal movement may be seen as a screening factor for an adverse 

environment for the fetus in womb. However, there is no evidence for the benefit of using 

maternal registered fetal movements as a predictor for placental dysfunction. A large recent in 

multicenter stepped-wedge trial did not shown any benefit of reporting reduced fetal 

movements for reducing the stillbirth rate (34), but stillbirths are very few in the part of the 

world that this study was conducted (UK and lreland). Therefore, reduced or altered fetal 

movements still has the potential to be further investigated as a maternal biomarker due to its 
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low-cost and low-tech potential to prevent adverse outcomes for the fetus (33), perhaps of 

particular benefit in regions with otherwise low resources for antenatal follow-up. 
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Symphysis fundus height as screening for placental dysfunction 

In Scandinavian countries, screening for intrauterine fetal growth restriction (IUGR) relies on 

routine symphysis fundus (SF-) height screening, also known as the McDonald’s rule (35). 

Insufficient or excess uterine growth is associated with adverse pregnancy outcomes, with the 

patient’s fundal height normally measured on every antenatal visit from mid pregnancy in a 

setting where fetal growth is not assessed by ultrasound. The top of the uterus rise in the 

mother’s abdomen by about two finger-widths or four centimeters every month in appropriate 

for gestational age pregnancies (36).  

Figure 1. The Symphysis-fundal height registration chart as used in the Norwegian antenatal chart from 2013), based 
on the published paper by Pay, Staff, Jacobsson and Gjessing (1) .  

Reprinted from: https://www.helsedirektoratet.no/tema/svangerskap-fodsel-og-barsel/helsekort-for-gravide/IS-2714-
Helsekort-for-gravide-med-kontinuasjonsark.pdf/_/attachment/inline/dcb37539-164e-46d0-a342-
7d1a9832d845:652a038fd68472953d677d1f16b158647cb49f70/IS-2714-Helsekort-for-gravide-med-kontinuasjonsark.pdf 
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The SF-height measurement technique involves measurement of the maternal 

abdomen from the symphysis pubis to the topmost portion of the uterine fundus, along the 

uterine axis, measured in centimeters (37). The routinely measured fundal height compared to 

the reference height of the actual pregnancy week is compared to previous measurements in 

the same pregnancy, in order to screen for pregnancies at risk for IUGR or excessive amniotic 

fluid or fetal size (38).  

A low SF measurement is defined as one measured fundus height below the reference 

curve (Helsekort for gravide) after gestational week 24 (1). Stagnated growth or non-growth 

by the SF measurement, or if pregnancy is found at risk for fetal growth restriction, requires 

referral to an additional follow-up including fetal biometry ultrasound (35), most often 

accompanied by cardiotocography (CTG). 

Fetal growth restriction is clinically difficult to assess. Some SGA fetuses are healthy 

but small and should be carefully separated from the high-risk growth restricted fetuses with 

intrauterine growth restriction. The true growth restricted fetuses should be tightly followed 

longitudinally in order to prevent complications such as intrauterine fetal demise or longterm 

fetal morbidity including neurological adverse outcomes.  As mentioned above, SF-height 

may not only represent a biomarker for intrauterine growth restriction (most often by a low 

SF-measurement indicating a small fetus and/or a low amniotic fluid level), but a high SF-

measurement may also indicate a large for gestational age fetus or excessive amniotic fluid 

development (39), that may have various causes.  

Whether the fundal height measurement is a reasonable biomarker for prediction of 

adverse pregnancy outcomes in all populations and settings, is widely discussed. The SF-

height measurement is an inexpensive measurement for fetal growth restriction, but there are 

however challenges in the accuracy of the measurement. A study by Jelks et al. found a 

degree of clinician bias in the measurement of fundal height affected by patient BMI. The 

results varied between senior consultants and junior consultants, and also varied if the bias 

was affected by the clinician’s knowledge of gestational age (39). Also, a Norwegian study, 

using (their own developed) new SF-standards in use in Norway today (as of 2013), showed 

very poor predictive value for SGA (37, 38). Also, contrary to common beliefs, a flattening 

SF-curve provided no more predictive value for a SGA delivery than one low SF-

measurement (37, 38). 
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Already in 1988, it was problematized that the SF-height measurement is measured 

between two landmarks while the uterus may grow sufficiently but in different directions than 

between the symphysis pubis and the topmost portion of the uterine fundus (39, 40).There is 

biologic variability in the placement of anatomical landmarks on the maternal abdomen and 

further biologic variability in the growth of the uterus by gestational weeks which may not 

reach within the reference measurement of the SF-height measurement curve. The 

disagreement among clinicians on where the precise anatomical landmark is, and the 

anatomical differences among individuals may also lead to discussions on the optimal 

technique and use of the fundal growth method for the prediction of fetal growth restriction 

(39, 40).  

The symphysis fundus height should be measured with the pregnant woman in a 

supine position, and with empty urine bladder. The measurement should be along the fetal 

longitudinal axis (38). Different techniques of the SF-height measurement methods have led 

to two commonly used models to describe the pattern of uterine growth. The rule of third and 

the rule of fourths differentiate on whether the fundus reaches the umbilicus at 20 weeks 

gestation or at 24 weeks gestation (40). The fundal height may also either be measured by the 

finger method, or by using a soft tape measure. The soft tape method is already described, and 

is the one practiced in the Nordic countries (38).  

Despite the lack of quality evidence for improved fetal outcomes by using symphysis 

fundus height as a biomarker for adverse pregnancy development, the Norwegian Society for 

Gynecology and Obstetrics (13) recommend fundal height measurement at each prenatal visit. 

The better identification of IUGR and SGA is by fetal ultrasound-based measurements, but 

the cost-benefit evaluation does not encourage the use of this method on low-risk populations 

(13).   
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Uteroplacental blood flow measurements by ultrasound as identification of likely 

placental dysfunction 

Obstetric ultrasound provides essential information for optimal prenatal care (41). Second 

trimester routine ultrasound scanning in pregnancy week 17 to 19 is recommended by the 

Norwegian Society for Gynecology and Obstetrics (13), with later (or previous) ultrasound 

examination only suggested for pregnancies found at risk for adverse pregnancy outcome 

(13). Other high-income countries do however also recommend and perform first trimester 

screening at 11-14 gestational weeks in all pregnancies (e.g. screening for fetal trisomies and 

neural tube defects). The political situation in Norway has hitherto not allowed such first 

trimester screening unless for high-risk pregnancy populations. 

The second trimester routine scan is intended to be performed to determine gestational 

age, estimate the time of delivery and to diagnose or evaluate multiple gestations, evaluation 

of placental location as well as screening for fetal cardiac anatomy, fetal anatomy or possible 

major fetal structural anomalies (13, 41). The examination also provides information on 

possible (but very rare) severe early growth disturbances and abnormalities in amniotic fluid 

volume (41). 

  Use of ultrasound before gestational week 20 identifies fetal number, and estimates 

better the estimated time of delivery as compared to using last menstruation for this 

estimation (41). Naegele's rule is a standard way of calculating the due date for a pregnancy 

when assuming a gestational age of 280 days at childbirth. The rule estimates the expected 

date of delivery (EDD) by adding a year, subtracting three months, and adding seven days to 

the first day of the Last Menstrual Period (LMP). The result is approximately 280 days (40 

weeks) from the start of the last menstrual period. Another method is by adding 9 months and 

7 days to the first day of the last menstrual period. Ultrasound methods to predict EDD has 

been shown to reduce the number of inductions of post term deliveries, when compared to the 

use of LMP and Naegele’s rule. During second trimester, normal pregnancies physiologically 

adapt by a reduction in vascular resistance, which has been explained by the successful 

establishment of an uteroplacental shunt by trophoblastic spiral artery invasion and 

remodeling during placentation (42).   

Uterine artery vascular resistance by Doppler measurement was first described in 1983 

by Campbell et al (43), and studies have reported associations between high resistance to 

blood flow in the uterine arteries (feeding into the uterine arteries, which again feeds blood 
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into the intervillous space by the remodeled uteroplacental spiral arteries) and increased risk 

of pregnancy complications (44). In investigations of women with preeclampsia or fetal 

growth restriction, uterine artery vascular resistance may be used as a diagnostic biomarker 

for placental dysfunction. In early-onset preeclampsia and/ or FGR pregnancies, normal 

decrease in vascular resistance (partially mediated by less remodeling of uteroplacental spiral 

arteries and a defective uteroplacental shunt) is absent. This leads to abnormal Doppler 

findings of blood flow patterns also in the fetal and fetoplacental blood flow segments. These 

include increased blood flow peak systolic velocity, increased pulsatility and resistance 

indexes (PI and RI) in umbilical arteries (with effected blood flow patterns from the fetus 

towards the dysfunctional placenta), absent or reversed umbilical artery flow, centralized 

(fetal) middle fetal cerebral artery flow and possible elevated pulsatility index of the fetal 

ductus venosus (13, 45).  

 

Fetal growth restriction is diagnosed on the basis of ultrasound provided information 

Mean uterine artery PI above the 95th percentile in gestational week 23 (46) and at other time 

points during second trimester (47, 48) is associated with poor fetal growth (48, 49), placental 

abruption (49), preeclampsia (48, 49), and fetal death (49). The diagnostic accuracy using the 

95th percentile PI cut-off value is not high, and maternal characteristics such as weight, height 

and ethnicity may independently influence the PI values (45). In clinically recognized early-

onset preeclampsia, the main adverse Doppler findings are found in the umbilical artery with 

augmentation of PI, which may develop further to absent or reversed end diastolic flow 

(ARED), whereas FGR pregnancies arising late in pregnancy (such as in third trimester) more 

often have a normal umbilical Doppler PI early in pregnancy (50). 

 More recent publications have shown that abnormal uterine artery blood flow 

measured at first trimester screening (at gestational week 11-14) has a prediction value for 

early-onset preeclampsia in the unselected population, but only when combined with other 

risk markers (as mentioned above). As an example of screening performance, FIGO 

(Federation Internationale de Gynecologie et Obstetrique) has recently summarized that first‐

trimester abnormal uterine artery PI, defined as greater than the 90th percentile, achieves a 

detection rate of 48%, at 8% false‐positive rate, for the identification of early‐onset 

preeclampsia (51). In contrast, when a circulating biomarker of placental function (as 

discussed below under angiogenic factors) from first trimester screening (11-14 gestational 

weeks) is used together with maternal risk factors, maternal mean arterial blood pressure, in 
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addition to this uterine artery blood flow PI, this complex algorithm has been shown to very 

efficiently predict early-onset preeclampsia (52). 

Fetal growth restriction is, in lack of fetal malformation and genetic aberrations, most 

often the result of placental insufficiency and is characterized by insufficient transplacental 

transport of nutrients and oxygen (53). The definitions of FGR have varied over time, but 

experts nowadays usually recommend different definitions for early and late-onset FGR in 

pregnancy. A panel of experts have provided consensus-based definitions for early and late 

FGR, as well as cut-off values for parameters involved (54). The following criteria and 

thresholds for FGR were recommended: 

- For early FGR (< 32 weeks):  

o (at least one of the following) abdominal circumference (AC) < 3(rd) centile, 

estimated fetal weight (EFW) < 3(rd) centile and absent end-diastolic flow in 

the umbilical artery (UA) 

o AC or EFW < 10(th) centile combined with a pulsatility index (PI) > 95(th) 

centile in either the UA or uterine artery 

- For late FGR (≥ 32 weeks): 

o (at least one of the following): (AC or EFW < 3(rd) centile)  

o EFW or AC < 10(th) centile, AC or EFW crossing centiles by > two quartiles 

on growth charts and cerebroplacental ratio < 5(th) centile or UA-PI > 95(th) 

centile). 

One should also considerate that ultrasonography is highly dependent on the technical 

skill of the operator. The uterine artery evaluation, usually performed in early second 

trimester, should be performed following standardized techniques to obtain accurate 

diagnostics and consistent measurements (45). 
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Maternal circulating biomarkers in prediction and diagnosis of placental dysfunction 

Angiogenic factors sFlt-1 and PlGF 

Souluble fms-like tyrosine kinase receptor-1 (sFlt-1) and placental growth factor (PlGF) 

represent anti- and pro-angiogenic factor proteins secreted from the placental villi, involved in 

angiogenesis and vasculogenesis. The proteins are together essential for the growth of 

trophoblasts and trophoblast invasion into the maternal decidua. sFlt-1 binds free PlGF, and 

with increasing gestational age and increasing placental stress, the levels of maternal 

circulating sFlt-1 are increasing (2, 5, 55). With excessive sFlt-1 from the increasingly 

dysfunctional placenta, maternal circulating free PlGF decreases. The lack of free PlGF leads 

to maternal vascular inflammation and systemic endothelial dysfunction, which mediate the 

clinical signs of new-onset hypertension and proteinuria and thereby the clinical recognition 

of preeclampsia (2, 55).  

Low maternal serum PlGF and high sFlt-1 predicts preeclampsia and preeclampsia 

with IUGR, with low levels of PlGF being a better predictor of preeclampsia compared to 

clinical known risk factors mentioned above in this project thesis (44).  

The anti-angiogenic protein sFlt-1, also named vascular endothelial growth factor 

receptor -1 (VEGF-R1), was by Karumanchi et al. proposed as a placenta derived factor 

adversely affecting the maternal endothelium, leading to preeclampsia (56). The sFlt-1/ PlGF 

ratio has later been approved diagnostic for preeclampsia if clinical suspicious signs (but not 

sufficient signs for the definition of the syndrome) are present (57). In 2016, a multicenter 

observational study published in the New England Journal of Medicine validated the sFlt-1/ 

PlGF-ratio, concluding that a level of the ratio under 38 is a useful predictor of short-term 

absence of preeclampsia (sFlt-1/ PlGF-ratio <38 predicting absence of preeclampsia even if 

clinical suspicious signs are present) (58). 

Circulating free levels of vascular endothelial growth factor (VEGF) protein is too low 

to be detectable in maternal serum during pregnancy, probably explained by the high rise in 

sFlt-1 and binding of VEGF. However, PlGF, which is member of the VEGF-family, 

increases in concentration in the maternal circulation until gestational week 30 (likely due to 

trophoblast expansion), whereas sFlt-1 levels increases after gestational week 30 in 

normotensive pregnancies. 

 Low first and second trimester PlGF is found to predict later development of 

preeclampsia or SGA. SGA without preeclampsia is also found to be predictable by first 

trimester low PlGF concentrations, whereas rising sFlt-1 concurrently is found to predict 
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early-onset preeclampsia. As summarized above in the ultrasound section, the level of PlGF in 

first trimester screening (11-14 gestational weeks) is used together with maternal risk factors, 

maternal mean arterial blood pressure, and uterine artery blood flow PI in a competing risk 

model that has shown to be very efficient to predict early-onset preeclampsia (52). This model 

is poor in predicting late-onset preeclampsia. Redman and Staff have explained why late-

onset preeclampsia cannot be predicted by maternal circulating PlGF levels early in 

pregnancy, due to absence of placental stress in these patients early in pregnancy, and 

therefore normal PlGF levels at that time in pregnancy (2). 

 

sEng 

Souluble endoglin (sEng) is another anti-antiogenic protein released by the 

syncytiotrophoblasts during pregnancy. sEng is barely detectable in nonpregnant women, but 

highly increased in the maternal circulation of preeclamptic pregnancies (59). sEng is released 

after stimulation by hypoxia (60) and has been reported to increase in correlation with 

severity of preeclampsia, and is also reported elevated 2-3 months before clinical 

preeclampsia (10). 

 

PAPP-A 

Pregnancy-associated placental protein A (PAPP-A) is a highly glycosylated protein used as a 

screening biomarker for Down syndrome. PAPP-A is produced by the developing 

trophoblasts, modulates the activity of insulin-like growth factors and has also been tested as a 

predicting biomarker for preeclampsia, intrauterine fetal growth restriction, preterm birth, and 

stillbirth (10, 61). Low first trimester PAPP-A-concentration has been shown to predict 

preeclampsia, whereas elevated PAPP-A is found in clinical evident preeclampsia. Maternal 

first trimester/ early second trimester (GW 10-14) serum levels of PAPP-A are however also 

lower in small for gestational age pregnancies, and higher in large for gestational age 

pregnancies, suggesting that PAPP-A is a better biomarker for fetal growth restriction than 

preeclampsia (61).  

 

Extracellular vesicles 

Extracellular vesicles (EV) are structures released from the syncytiotrophoblasts  into the 

extracellular matrix containing miRNA, growth factors, and apoptotic factors inducing 

intercellular communication and signaling (62, 63). Most EVs retain cell-specific plasma 
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membrane surface markers with their concentration, composition and size distribution being 

possible targets for disease prediction. The EVs appear to have an immunoregulatory role, 

inhibiting T cells and NK cell responses (62). Impaired placental function causes increased 

release of extracellular vesicles from the syncytiotrophoblasts, with the increased secretion of 

extracellular vesicles, probably as a response to placental dysfunction. EV’s promotion of 

proinflammatory cytokine production may lead to further endothelial dysfunction. Extensive 

studies have shown excessive syncytiotrophoblast microvesicle secretion in preeclampsia, and 

that these vesicles have biological properties that likely mediate maternal vascular 

inflammation and endothelial dysfunction, and the development of the maternal clinical signs 

of preeclampsia (e.g. hypertension and proteinuria and/or other signs of organ dysfunction) 

(64). 
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Discussion 
This project thesis search results demonstrate a variety of clinical risk factors and available 

biomarkers that may be used as screening tools in the screening, detection, and handling of 

placental syndromes. As of today, no single first, second or third trimester test or combination 

of tests can reliably predict all developments to or presence of placental dysfunction/ placental 

syndromes. Numerous clinical, ultrasonographic and laboratory parameters have been 

explored as prediction tools for the later development of adverse pregnancy outcomes: 

preeclampsia, intrauterine fetal growth restriction, premature birth, and intrauterine fetal 

demise.  

A combination of maternal clinical risk factors, blood pressure, maternal serological 

markers and uterine artery Doppler is proposed by the International Society of the Study of 

Hypertension in Pregnancy to be beneficial in the selection of women at risk for developing 

preeclampsia, and the selection of women at risk who should be offered aspirin to prevent 

preeclampsia from before gestational week 16 (9, 65).  

The great variance in the biomarkers proposed may reflect the complexity behind the 

clinical syndrome of preeclampsia with or without intrauterine fetal growth restriction. 

Whereas the ISSHP recommends using serological markers and uterine artery PI in the 

screening of women at risk for developing preeclampsia, the National Institute of Health and 

Care Excellence (NICE) recommends in 2019 using only maternal demographics and 

maternal medical history as screening methods, as do the Norwegian Society for Obstetrics 

and Gynecology (13, 17). These recommendations may however change in the near future, as 

a consequence of increasing documentation of first trimester screening benefits. Translation 

into clinical practice will depend on cost-benefit analyses, regulations of antenatal maternal 

health care, women’s choices, as well as available resources for added laboratory and clinical 

investigations of pregnant women. 

 It is likely that screening for preeclampsia may change in the future both in UK and 

Norway, as it is increasingly evident that adding other biomarkers to the clinical risk factors is 

a more efficient screening for preeclampsia than only using maternal clinical risk factors (65-

67). The consequence of a successful screening early in pregnancy for placenta dysfunction is 

that preventive therapies can be used in screened-positive women, at present exemplified by 

low-dose aspirin for the prevention of preeclampsia (65). 
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Conclusion/ possible future approaches for research on biomarkers for placental 

dysfunction 
The maternal risk factors for a placental dysfunction syndrome such as preeclampsia are well 

documented, although not always understood in way of mechanisms. However, as explained 

in the revised placental model of preeclampsia, maternal risk factors either impact on the 

pathophysiological pathways leading to placental dysfunction, and/or impact on the maternal 

vascular system. Increased maternal vascular susceptibility (as in obesity or chromic 

hypertension) would increase the effect of the proinflammatory factors shed from the 

increasingly dysfunctional placenta on the maternal vasculature and thereby promoting the 

development of maternal hypertension and proteinuria (and/or other signs of organ 

dysfunction) (4). 

Some of these maternal clinical risk factors are not easily modifiable (primiparity, 

elevated maternal age, antiphospholipid antibody syndrome, prior preeclampsia, chronic 

hypertension, and pregestational diabetes). However, preventive measures include optimizing 

the treatment of any chronic prepregnancy disease, including reducing weight in overweight 

and obese women before entering pregnancy.  

The combination of maternal risk factors and biomarkers used early in pregnancy 

(gestational week 11-14) seems today to be the most efficient way of predicting early-onset 

preeclampsia. FIGO has recently recommended a first trimester screening for early-onset 

preeclampsia utilizing the competing risk model (level of PlGF in first,  maternal risk factors, 

maternal mean arterial blood pressure, and uterine artery blood flow PI) (52), but 

acknowledges that ultrasound and blood protein biomarkers is not always feasible in low-

income settings (51, 68).  

Further research is therefore needed to identify optimal pregnancy screening programs 

that is valid for a specific or all populations and also for specific or all aspects of placental 

dysfunction. Future research needs to address the cost-benefit of such antenatal screening, 

securing optimal maternal and offspring health within the best cost-benefit frame of each 

relevant geographical, cultural, and health resource setting. Such studies also need to take into 

account the increased personal cost for women being falsely positively screened with a high 

risk for an adverse outcome early in pregnancy (testing false positive), but also the potential 

benefit of the prevention of SGA, fetal prematurity, and maternal severe morbidity and 
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mortality by better follow-up and prevention with aspirin (in women testing (positively true) 

for high risk of early-onset preeclampsia/placental dysfunction). 

As societies we need to do better than the present screening of SGA with SF-

measurements. Future studies will show if we in high-income countries are able to further 

decrease mortality as well as short- and long-term morbidity in mother and offspring by an 

increased use of biomarkers or uterine artery Doppler for screening of placental dysfunction. 

For low-resource settings, with very restricted availability of antenatal and obstetric care, the 

use of maternal biomarkers may assist in triaging of women at highest need for follow-up and 

prevention. On the other hand, simple antenatal checkups with blood pressure and urine 

testing has been a cornerstone in how developed countries have reached major advances in 

maternal and offspring outcomes, long before fetal ultrasound assessments were introduced.  

Table 1 gives an overview of the applicable timing in pregnancy of the different 

biomarkers discussed in this project thesis, and their relation to the standard recommended 

antenatal check-ups in Norway today. 

As maternal and fetal deaths are largely avoidable, the global perspective should be 

that any improvement in maternal and fetal care in low resource settings are largely 

warranted, whether it is as a result of more trained health personnel and health facilities, new 

affordable biomarkers, or other means of improved fetal surveillance systems. 
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Table 1. An overview of the timing in pregnancy of the different screening tools 

discussed in this project thesis (and at which level in the health system they are applied), 

based on their clinical use today in Norway, and their potential future use. The content 

of the 9 regular antenatal check-ups are according to national information 

(https://helsenorge.no/gravid/svangerskapskontroller) (69). 

 
Gestational week 

of pregnancy 

Clinial assessments Biological 

investigations 

Potential additional 

screening/diagnostic tools 

for placental 

dysfunction/preeclampsia 

6-12 
1st antenatal 

screening at GP 

(general 

practice/midwife/nu

rse): 

Maternal clinical 
screening for adverse 

pregnancy otcomes: 

 

Maternal age, parity, 
previous pregnancy 

outcomes 

 

Smoking, life-style 

 

Weight and height 

(BMI) 

 

Previous chronic 

diseases and current 

disease 

 

Medication 

 

Blood pressure, 
urine sample 

(proteins, 

leukocytes) 

 

Blood samples 

offfered for 

HIV/syfilis/Rhes

us screening etc 

Hemoglobin 

 

Maternal 

screening for 

gestational 

diabetes 

(HbA1c, as of 

2019 Guidelines) 

 

11-14  

(This 1st trimester 

screening is not 

offered to all 

pregnancies in 

Norway) 

Trained investigator(in 

fetal medicine), 

Trisomy screeening 

(Non-Invasive Prenatal 

Test-NIPT): 

Only offered at risk 

populations in Norway 

Any health 

officer: Blood 

pressure, urine 

sample (proteins, 

leukocytes) 

Trained investigator: 

Ultrasound of uterina artery 

PI 

Any health officer: measure  

maternal blood PlGF 

(placenta growth factor) 

PAPP-A 

Advise on low-dose aspirin 

prophylaxisfor early-onset 

preeclampsia (neeeded to be 

started before gestational 

week 16) 

17-19 

 

Trained investigator (at 

delivery unit): Routine 

ultrasound screening: 

Any health 

officer:** 

 

https://helsenorge.no/gravid/svangerskapskontroller
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estimaton of due 

delivery date, number 

of fetuses, position of 

the placenta, fetal 

biometry 

Blood pressure, 

urine sample 

(proteins, 

leukocytes) 

24 

 

Any health officer:* 
Maternal weight, SF-

measurement, fetal 

heart rate record, 

maternal impression of 

fetal movement  

 

(Rhesus negative 

pregnant woman with a 

Rhesus positive fetus: 

preventive treatment is 

offered during 

pregnancy and 

following delivery) 

Any health 

officer:** 

-as above 

SCREENING 

OPTIONS:*** 

Maternal registration of 

fetal movements 

Any health officer: Referral 
to specialist if suspicion of 

FGR;  

Trained investigator: Added 

ultrasound evaluation of 

fetal blood flow and growth  

Any health officer: If 

suspicion of preeclampsia: 

maternal blood PlGF and 

sFlt-1 

28 

 

Any health officer:* 

-as above 

Any health 

officer:**  

-as above 

-Hemoglobin 

SCREENING 

OPTIONS:*** 

-as above 

32 

 
Any health officer:* 

-as above 

 Any health 

officer:** 

-as above 

SCREENING 

OPTIONS:*** 

-as above 

36 

 

Any health officer:* 

-as above  

-check the position of 

the baby  

 Any health 

officer:** 

-as above 

SCREENING 

OPTIONS:*** 

-as above 

38 

 

Any health officer:* 

-as above 

-check the position of 

the baby  

- listen to the baby’s 

heartbeat 

Any health 

officer:** 

-as above 

SCREENING 

OPTIONS:*** 

-as above 

40 

 

Any health officer:* 

-as above  

-check the position of 

the baby  

Any health 

officer:** 

-as above 

 SCREENING 

OPTIONS:*** 

-as above 
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- listen to the baby’s 

heatbeat 

41 (Postterm) 

 

Any health officer:* 

-as above  

-check the position of 

the baby  

- listen to the baby’s 

heartbeat 

Referral to the hospital 

for evaluation and 

potential induction of 

delivery  

Any health 

officer:** 

-as above 

 

Postterm check-up Today a check at 

obst/gyn specialist at 

hospital 7-9 days past 

estimated delivery date. 

Blood pressure, 

ultrasound, CTG, 

evaluation of induction 

of labor 
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