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Abstract

Pre-eclampsia complicates around 5% of pregnancies and hypertensive disorders of pregnancy are
responsible for over 60,000 maternal deaths worldwide annually. Pre-eclampsia is characterized by
hypertension and features ofmultiple organ disease.Diagnosis remains a challenge as clinical presentation is
highly variable and even with severe disease a woman can be asymptomatic. Pre-eclampsia is characterized
by abnormal placentation with subsequent maternal inflammatory and vascular response. Improved
understanding of the underlying pathophysiology relating to the role of angiogenic factors, has emerged and
placed intense interest on their role in prognostic modelling or diagnosis of pre-eclampsia. This article
summarizes new developments in diagnosis with a focus on angiogenic biomarkers for prediction of disease
onset, and recent advances in management strategies for patients with pre-eclampsia.

Introduction
Pre-eclampsia complicates around 5% of pregnancies and
is a major cause of iatrogenic preterm birth. Hypertensive
disorders of pregnancy are responsible for over 60,000
maternal deaths worldwide annually [1]. Both maternal
and neonatal morbidity and mortality are increased in
pregnancies complicated by pre-eclampsia, and there is
significant personal cost to families affected by the disease
and economic implications for the health service.

Diagnosing pre-eclampsia remains a challenge. It is
characterized by hypertension and features of multiple
organ disease. Clinical presentation is highly variable;
and the disease often progresses over the course of weeks
before diagnosis is confirmed. Women may present with
mild late-onset hypertension, proteinuria, and a nor-
mally grown baby, which appear to have few long-term
sequelae for mother or infant. Conversely, early-onset,
severe maternal disease may be complicated by fetal
intrauterine growth restriction; yet even with severe
disease and grossly abnormal blood pressure and other
test values, a woman can be asymptomatic. One group
of authors reported that hypertension and proteinuria
were absent in 38% of women who presented with
an eclamptic fit [2], demonstrating that severe maternal

adverse events occur without the traditional clinical
definition of pre-eclampsia. One in twenty stillbirths
without congenital abnormality are complicated by, or
attributable to, pre-eclampsia [3] and may represent
a cohort of women in whom fetal compromise is
unrecognized. This article outlines recent developments
in prediction, controlling blood pressure, and delivery,
all of which are key to the management of pre-eclampsia.

New developments in prediction
A major goal toward improving antenatal management
of pre-eclampsia is to develop accurate prediction
models that identify women at high risk of disease.
This would enable additional intensive monitoring of
women throughout pregnancy and appropriate
targeting of prophylaxis as well as earlier
intervention. Not recognizing risk accounts for a
considerable amount of substandard care in maternal
deaths [4]. Early administration of antiplatelet agents
(aspirin) prior to 16-weeks’ gestation appears to
reduce the risk of pre-eclampsia, with a particular
reduction of the risk of preterm pre-eclampsia (that is,
delivery before 37 weeks—relative risk
0.11, 95% confidence interval [CI] 0.04-0.33—[5] versus
controls). However, secondary analysis of this nature
may be prone to a number of biases.

Page 1 of 6
(page number not for citation purposes)

Published: 03 February 2015
© 2015 Faculty of 1000 Ltd

mailto:andrew.shennan@kcl.ac.uk
http://creativecommons.org/licenses/by-nc/3.0/legalcode
http://f1000.com/prime/reports/m/7/24


The pathophysiology of pre-eclampsia is not fully under-
stood. Pre-eclampsia is a disorder characterized by abnor-
mal placentation with subsequent maternal inflammatory
and vascular response. Improved understanding of the
underlying pathophysiology, particularly relating to the
role of angiogenic factors, has emerged. It is established
that, in normal pregnancies, trophoblasts help regulate
spiral artery remodeling and enable normal vasculogenesis
by releasing pro-angiogenic factors such as vascular
endothelial growth factor (VEGF) and placental growth
factor (PlGF) [6]. Soluble Fms-like tyrosine kinase 1 (sFlt-1)
is a placentally derived variant of the VEGF receptor that is
upregulated in pregnancies complicated by pre-eclampsia
and has been shown to antagonize VEGF and PlGF,
offsetting its pro-angiogenic actions [7]. In mouse models,
genetic manipulation and expression of sFLT1 in murine
placental tissue results in impaired vasculogenesis, an
increase in systolic and diastolic blood pressure, protei-
nuria, and intrauterine growth restriction [8].

The developing understanding of pathophysiology has
placed intense interest in the potential role of biomar-
kers in prognostic modeling. Significant differences were
seen in the concentration of soluble endoglin (sEng) in
pregnancies associated with pre-eclampsia versus con-
trols at both 15 and 20 weeks’ gestation [9]. In 2013,
Myatt and colleagues [10] reported that, in a low-risk
cohort of women, sFlt-1and PlGF increased from the first
trimester throughout the second trimester of pregnancy in
those remaining normotensive and that the rate of change
of PlGF (but not sFlt-1) was significantly different in
pregnancies that developed pre-eclampsia. Although first-
trimester prediction is not as impressive as in second-
trimester screening, evidence suggests that adding PlGF
concentration at 14 to16-weeks’ gestation to traditional
clinical risk assessment did result in an increase in the
identification of women at risk of preterm pre-eclampsia. In
this study, the authors reported that the combination of
change in angiogenic biomarkers between the first and
second trimesters, with the addition of baseline clinical
characteristics of race, bodymass index, and blood pressure,
increased predictive performance for severe and early-onset
pre-eclampsia. Receiver operating characteristics curves for
change from first to early second trimester in sEng, PlGF,
and sFlt-1 with the addition of clinical characteristics had
areas under the curve of 0.88, 0.84, and 0.86, respectively,
and for early-onset pre-eclampsia with sensitivities of 88%
(95% CI 64-99), 77% (95% CI 50-93), and 77% (95% CI
50-93) for 80% specificity. The authors believe that, even
within a high-risk group, if the women can be risk-stratified
to a normal risk of developing pre-eclampsia, their visiting
schedules can be changed accordingly. In effect, the test
supersedes the risk factor, so health economic benefit
would be most valuable in a higher-risk group.

There is still interest in evaluating the potential use of a
variety of biomarkers during the first trimester. Signifi-
cant differences have also been demonstrated in first-
trimester mean levels of pregnancy-associated para
protein A (PAPP-A), a disintegrin and metalloproteinase
12 (ADAM12) and PlGF [11], placental protein 13 [12],
angiopoetin 1 and 2 [13], interleukin-1 beta and
fibrinogen [14], and human chorionic gonadotropin
(hCG) [15], but even as combinations their likelihood
ratios (LRs) have been insufficient for use as reliable
prognostic tools for pre-eclampsia.

Doppler velocimetry to assess impedance of uteroplacen-
tal flow in pregnancies complicated by pre-eclampsia
was described in the 1980s [16,17] and now forms part of
second-trimester screening for women at high risk of
developing pre-eclampsia. A review of over 20,000
women from 15 studies by Papageorghiou and colleagues
[18] concluded that the LR for the subsequent develop-
ment of pre-eclampsia in women with increased impe-
dance to flow was about 6 but that for those with normal
Doppler results the LR was about 0.5. Studies that assess
the prediction of first-trimester ultrasound screening have
shown that impedance to flow in the uterine arteries is
increased in pregnancies that subsequently develop pre-
eclampsia and fetal growth restriction [19]. The recent
publication of a meta-analysis of Doppler ultrasound
between 11+0 and 14+0 weeks’ gestation demonstrated
abnormal flow waveform for predicting early-onset pre-
eclampsia with a sensitivity of 47.8% (95% CI 39.0-
56.8%) and a specificity of 92.1% (95% CI 88.6-94.6%)
[20]. For predicting pre-eclampsia at any gestation, the
sensitivities were 26.4% (95% CI 22.5-30.8%) and 93.4%
(95% CI 90.4-95.5%), respectively.

Although these first-trimester tests can risk-discriminate,
they are far from perfect, even in combination. At present,
there appears to be no method to accurately stratify
healthy nulliparous women according to their risk profile
for pre-eclampsia [21]. In practice, women with normal
results will still need full antenatal care schedules to
assess blood pressure and to exclude proteinuria and the
development of pre-eclampsia as many women who
present with pre-eclampsia are ‘low risk’ at booking. In
addition, treatment is also inefficient, and women on
treatment still require the same monitoring.

Complexities of diagnosis
There is a pressing need to develop methods for accurate
diagnosis in women who present with suspected pre-
eclampsia. This will include high- and low-risk women,
whether on prophylaxis or not. This would enable
clinicians to optimize surveillance intensity and target
appropriate management in those with confirmed
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disease. It is these strategies that probably account for the
success of antenatal care in reducing mortality in pre-
eclampsia and explain the discrepancy between devel-
oped and other countries in the world. Rana and
colleagues [22] summarized the challenges of prediction
and diagnosis in a recent editorial. Hypertension is
classified as a blood pressure of at least 140/90 mm Hg
and is important in the diagnosis of pre-eclampsia.
Blood pressure measurement is subject to considerable
error; there is widely documented inter-observer error
with poor correlation in the blood pressure readings
taken by two observers in the same clinical setting [23].
Numerous studies detail the inaccuracies in equipment,
particularly relating to oscillometric measurement of
blood pressures in pregnant women in pre-eclampsia
[24]. There is poor correlation between urinary dipstick
testing and the quantification of proteinuria by using
24-hour urine collections [25]. Significant proteinuria is
defined as greater than 300 mg of protein in urine in
24 hours, but even this gold standard is prone to error
[26]. There is considerable variability in the accuracy of
protein/creatinine ratios when compared with 24-hour
urine collections for the diagnosis of women with
suspected disease [27]. Lindheimer and Kanter
[28] discussed the complexities of assessing
proteinuria in pregnancy and notably whether
protein excretion remains constant over 24 hours,
which may impact significantly on the reproducib-
ility of the protein/ creatinine ratio at different
time points. A recent study assessed serial protein
creatinine ratio (PCR) measurements in a 24-hour
period and showed that the PCRs correlated strongly
with each other and with the 24-hour protein excretion
but did show variation throughout the day [29].
Women with underlying renal disease with pre-
existing proteinuria, with or without hypertension, are
at high risk of developing pre-eclampsia, yet
diagnosis in this group is particularly challenging.
Thresholds of blood pressure and proteinuria cannot
be relied upon for discrimination of pre-eclampsia in this
group, and clinicians must rely upon fetal parameters or
the development of end-organ damage to confirm
disease. Additional investigations may be necessary to
risk-stratify in patients with renal disease, but none have
proven to be specific. For all of these reasons, there has
been an intense search for a specific marker of serious
disease, and a role for angiogenic biomarkers such as
PlGF as a novel diagnostic tool is emerging [22].

In 2012, Rana and colleagues [30] demonstrated that,
in women presenting with suspected pre-eclampsia, the
median sFlt-1/PlGF ratio at presentation was elevated
in participants who experienced any adverse outcome
compared with those who did not (47.0, 25-75th
percentile 15.5-112.2 versus 10.8, 25-75th percentile

4.1-28.6; P <0.0001). In this prospective cohort of over
600 women, delivery occurred within 2 weeks of
presentation in 86.0% of women with an sFlt-1/PlGF
ratio of at least 85 compared with 15.8% of women with
an sFlt-1/PlGF ratio of less than 85 (hazard ratio 15.2,
95% CI 8.0-28.7).

In 2013, Chappell and colleagues [31] published a
prospective multi-center study of women presenting
with suspected pre-eclampsia to antenatal clinics or day
assessment units. Maternal PlGF concentrations below
the 5th centile were shown to have a high sensitivity
(0.96, 95% CI 0.89-0.99) and a negative predictive value
(0.98, 95% CI 0.93-0.995) for predicting the develop-
ment of pre-eclampsia that requires delivery within
14 days (Figure 1).

In this study, of the 287 women recruited before
35 weeks’ gestation, seven had a stillbirth. All of the
pregnancies complicated by stillbirths occurred in
the low-PlGF group (<5th centile), often weeks before
the fetal death. This latter study used PlGF only, and the
better results can be attributed to a more specific assay,
which was provided by a different company and which
also can be done rapidly at point of care.

PlGF concentrations were shown to have a greater area
under the receiver operating curve (0.87; standard error
0.03) than all other commonly used tests in current
clinical practice and any other study we are aware of —
0.67 (0.05) for systolic blood pressure, 0.66 (0.05) for
diastolic blood pressure, and 0.76 (0.04) for dipstick
proteinuria.

Themost likely area of clinical impact for PlGF is in ‘point
of care’ testing in women posing a diagnostic challenge to
the clinician. This testing should have a substantial
impact on health resource use, avoiding unnecessary
admissions for those who will have a more benign
disease course and a longer ‘time to delivery’ interval,
identified on the basis of a normal PlGF. Such a test has
the potential to assist in risk stratification in women
presenting with suspected pre-eclampsia, singling out
those with low PlGF to receive intensive surveillance to
avoid adverse outcomes such as fetal demise.

Management
Blood pressure
In women with fulminant disease, management includes
antihypertensive drugs to optimize blood pressure
control and allowing timely delivery of the baby. There
is an increasing trend toward tighter blood pressure
control in pre-eclampsia in those with essential or
gestational hypertension. National Institute for Health
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and Care Excellence (NICE) guidance now recommends
keeping systolic blood pressure below 150 mm Hg and
diastolic blood pressure below 80-100 mm Hg [32] and
using labetolol as first-line treatment for hypertension
over this threshold. There is general agreement that the
judicious treatment of blood pressure is necessary to
reduce morbidity, although the exact thresholds to treat
do differ: the American College of Obstetricians and
Gynecologists guidelines suggest treating blood pressure
of more than 160/110 mm Hg, whereas the World
Health Organization recommend treating systolic blood
pressure over 170 mm Hg. The results of the impending
Control of Hypertension In Pregnancy Study (CHIPS)
trial (NCT01192412), with ‘tight’ (target diastolic blood
pressure of 85 mm Hg) versus ‘less tight’ (target diastolic
blood pressure of 100 mm Hg) control of hypertension
in women with non-severe, non-proteinuric maternal
hypertension at 14-33 weeks, are awaited. This may
impact how clinicians manage women with essential or
gestational hypertension.

Magnesium sulphate
Magnesium sulphate is recommended in severe pre-
eclampsia to prevent eclamptic seizures in the mother
[33]. This is established in clinical practice for women
with severe hypertension or proteinuria or with mild to
moderate hypertension or proteinuria with the addition

of clinical or biochemical signs. A review by the
Cochrane Collaboration from 2009 found that magne-
sium sulphate is also neuroprotective for the preterm
infant (<37 weeks) in preventing cerebral palsy (relative
risk 0.68, 95% CI 0.54-0.87) [34]. The number of
women needed to be treated with magnesium sulphate
to benefit one baby by avoiding cerebral palsy is 63
(95% CI 43-155), and magnesium sulphate should now
be part of established practice. There is a cohort of
women with mild to moderate pre-eclampsia who do
not meet maternal indications for magnesium sulphate
but in whom, for fetal reasons, preterm delivery is
necessary. It is appropriate now to give those women
magnesium sulphate for fetal neuroprotection.

Delivery
Delivery recommendations from NICE [29] suggest
conservative management below 34 weeks’ gestation
and urge that elective delivery before 34 weeks not
be considered. The American College of Obstetricians
and Gynecologists taskforce bulletin [35] states that,
for women with mild gestational hypertension or pre-
eclampsia without severe features, delivery at 37 weeks,
rather than continued observation, is indicated. There is
controversy but little evidence regarding the benefits of
elective delivery between 34 and 37 weeks’ gestation for
those with mild or moderate hypertension, and NICE

Figure 1. Time to delivery (median, interquartile range) stratified by PlGF concentration for all participants and for pre-eclampsia cases

Red line indicates very low PlGF (<12 pg/mL); orange line, low PlGF (<5th centile); green line, normal PlGF (≥5th centile). Abbreviations: IQR,
interquartile range; PlGF, placental growth factor.
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research recommendations highlight this as an
important research question and call for randomized
controlled trials. It remains unclear whether the risks of
late preterm elective delivery for the baby outweigh the
risks of severe disease and associated morbidity with
conservative management.

Conclusions
Angiogenic markers, particularly PlGF, have considerable
potential in the prediction and diagnosis of
pre-eclampsia. They may also have use in triaging
with preterm pre-eclampsia in terms of those
patients in whom expectant management may be
feasible. Until effective treatments are established,
their biggest impact will remain in women presenting
with suspected disease. Tighter control of blood
pressure may impact on stroke risk and current
substandard care associated with maternal death.
Threshold for delivery has come down in recent years,
and risk/benefit of earlier elective delivery is being
investigated. Magnesium sulphate protects the preterm
baby from neurological insults, and a low
threshold for use in preterm pre-eclampsia is justified.

Abbreviations
CI, confidence interval; LR, likelihood ratio; NICE,
National Institute for Health and Care Excellence; PCR,
protein creatinine ratio; PlGF, placental growth factor;
sEng, soluble endoglin; sFlt-1, soluble Fms-like tyrosine
kinase 1; VEGF, vascular endothelial growth factor.
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