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Abstract—Placental dysfunction underlies a spectrum of perinatal pathologies, including preeclampsia and fetal growth 
restriction. Angiogenesis-related factors, including sFlt-1 (soluble fms-like tyrosine kinase 1) and PlGF (placental growth 
factor), play an important role in placental dysfunction; altered levels are detectable several weeks before onset of pregnancy 
complications. In vitro diagnostic tests for these biomarkers can improve early diagnosis and facilitate prediction of 
maternal and fetal outcomes. We assessed evidence for combining angiogenic biomarkers with other biomarkers or 
clinical parameters to predict maternal/fetal outcomes in pregnant women with placental dysfunction. Pooled information 
on placental perfusion (ultrasonography, mean arterial pressure), clinical characteristics, and biomarker levels (PlGF) can 
improve first-trimester prediction and preeclampsia diagnosis. Angiogenic factors (sFlt-1/PlGF ratio; PlGF alone) with or 
without clinical characteristics can facilitate second-/third-trimester prediction of early-onset and late-onset preeclampsia. 
A combination of increased sFlt-1/PlGF ratio and ultrasound can rule out early fetal growth restriction. The sFlt-1/PlGF 
ratio is also a reliable tool for discriminating between pregnancy-related hypertensive disorders, including superimposed 
preeclampsia and gestational hypertension. Analysis of angiogenic factors with or without uterine Doppler substantially 
improves sensitivity and specificity for predicting adverse outcomes and iatrogenic preterm delivery. We propose to 
extend the American College of Obstetricians and Gynecologists  definition of preeclampsia in the future to include the 
combination of new-onset hypertension and new-onset of altered angiogenic factors (sFlt-1/PlGF ratio or PlGF alone). In 
summary, altered angiogenic biomarkers indicate placental dysfunction, and their implementation into clinical practice 
will help reduce the considerable burden of morbidity and mortality associated with adverse pregnancy outcomes as a 
consequence of angiogenic-placental syndrome.
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Placental dysfunction (PD), originally described in 1948, 
underlies a spectrum of obstetric and perinatal patholo-

gies, including preeclampsia, fetal growth restriction (FGR), 
and placental abruption.1,2 The pathophysiology of PD is 
conventionally characterized as involving a defective deep 
trophoblastic invasion and impaired maternal spiral artery 
remodeling, leading to inadequate placental perfusion during 
the second half of pregnancy.3 However, this understanding 
has been challenged by recent findings indicating that most 
histological changes observed in PD are unspecific.4 In par-
ticular, the established concept and phenomenon of a shallow 
trophoblast invasion is a more typical feature of pregnancies 
with early-onset preeclampsia or FGR. Evidence from a sys-
tematic review of early-onset preeclampsia studies showed 
that the majority of preeclampsia cases had a normal placenta 
and that villous lesions were also present in a proportion of 
normal pregnancies.5 Maternal factors such as microvillous 
overcrowding may contribute to the development of late-onset 
preeclampsia as placental growth reaches its limits.6

Several angiogenic factors play an important role in PD: 
VEGF-A (vascular endothelial growth factor A) is essential 

for placental vascular development, affecting proliferation 
and migration of endothelial cells and vascular permeability; 
PlGF (placental growth factor), a proangiogenic VEGF family 
member, is abundantly expressed in the placenta and acts by 
enhancing the action of VEGF-A; sFlt-1 (soluble fms-like ty-
rosine kinase 1), an antiangiogenic VEGF family member, is 
important in the regulation of angiogenic homeostasis during 
pregnancy. sFlt-1 and PlGF are expressed in the placenta and 
extra-placentally, in vascular endothelial cells, fibroblasts, 
osteoblasts, smooth muscle cells, and monocytes.4 An imbal-
ance between pro and antiangiogenic factors (ie, increased 
sFlt-1/PlGF ratio) results in a net antiangiogenic state and 
favors the development of PD (Figure 1).6-8 sFlt-1, PlGF, and 
sEng (soluble endoglin) are important biomarkers for PD.9

Diagnostic criteria for PD are currently based on nonspe-
cific clinical, ultrasound, and laboratory findings and offer 
little predictive capability for adverse fetal and maternal out-
comes.10 As altered levels of angiogenic factors are detectable 
weeks before onset of pregnancy complications, in vitro diag-
nostic tests for these biomarkers can improve early diagnosis 
and facilitate prediction of maternal and fetal outcomes. We 
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examine how combining angiogenic biomarkers with other 
biomarkers/clinical parameters at different time points can 
predict maternal/fetal outcomes in pregnant women with PD.

Preeclampsia and Hemolysis, Elevated Liver 
Enzymes, and Low Platelet Count Syndrome

Overview and Diagnosis
Preeclampsia is a hypertensive syndrome affecting 2% to 3% 
of pregnancies and characterized by endothelial damage in 
multiple organs (Figure 2).10–12 The definition of preeclampsia 
previously included hypertension plus proteinuria after 20 
weeks’ gestation and has expanded to include hypertension 
in combination with renal and liver dysfunction and throm-
bocytopenia (Table  1).10,11,13 Proteinuria is no longer neces-
sary to fulfill the definition of preeclampsia. Preeclampsia 
can be classified into early-onset (<34 weeks’ gestation) and 
late-onset (≥34 weeks’ gestation).14 Disease severity varies 
from mild through to severe, culminating in potentially life-
threatening end-stage complications, such as hemolysis, el-
evated liver enzymes, and low platelet count syndrome, and 
eclamptic seizures.14,15

The current gold standard for preeclampsia diagnosis relies 
on observation of new-onset hypertension and proteinuria during 
the second half of pregnancy and has poor predictive ability for 
preeclampsia-related adverse outcomes.10 Some evidence-based 
guidelines currently include use of angiogenic biomarkers in the 
context of preeclampsia. The National Institute for Health and 
Care Excellence recommends use of the Elecsys sFlt-1/PlGF 
ratio alongside standard clinical assessment to help rule out pre-
eclampsia in women presenting with suspected preeclampsia 

between 20 weeks and 34 weeks plus 6 days of gestation.16 The 
guidelines of the German Society of Obstetrics and Gynecology, 
Austrian Society of Obstetrics and Gynecology, and Swiss 
Society of Obstetrics and Gynecology on hypertensive disor-
ders in pregnancy recommend the use of angiogenic biomark-
ers to aid diagnosis and short-term prediction of preeclampsia in 
pregnant women with suspected disease.17 The use of the sFlt-1/
PlGF ratio for ruling out preeclampsia in pregnant women with 
suspected preeclampsia is recommended in the 2018 European 
Society of Cardiology guidelines for the management of cardio-
vascular diseases during pregnancy.18

Although biomarkers have been shown to predict and di-
agnose preeclampsia,19 recent evidence supports the use of 
combinations of biomarkers with or without other clinical 
measurements to better determine the clinical problem and 
outcome.

First-Trimester Preeclampsia Prediction
Use of the Fetal Medicine Foundation algorithm can improve 
first-trimester prediction and diagnosis of preeclampsia. The 
Fetal Medicine Foundation algorithm combines information on 
risk factors, such as placental perfusion (uterine artery pulsatility 
index [UtA-PI] plus mean arterial pressure), clinical character-
istics (maternal factors/medical history), and biomarker levels 
(PlGF), to estimate risk for preeclampsia. Considerable evi-
dence supports this combined approach,20–24 including 3 large-
scale prospective cohort studies in women who attended their 
routine first hospital visit at 11 to 13 weeks’ gestation. In the 
first study, combined screening at a false-positive rate (FPR) of 
10% predicted 75% of preterm preeclampsia and 47% of term 
preeclampsia and was superior to screening based on maternal 

Figure 1.  Role of sFlt1 (soluble fms-like tyrosine kinase 1) and PlGF (placental growth factor) in preeclampsia development. In pregnant women, sFlt-1 
binds and inhibits VEGF (vascular endothelial growth factor) and PlGF in the circulation. A high sFlt-1/PlGF ratio, therefore, potentially results in endothelial 
dysfunction and development of preeclampsia. Reprinted from Benzing8 with permission. Copyright ©2016, Springer Nature.
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factors alone.20 The combined approach is also superior to guide-
line-based methods.21,23 O’Gorman et al21 reported superior per-
formance of the combined approach for predicting preeclampsia 
(10% FPR: <32 weeks, 100% detection rate [DR]; <37 weeks, 
75% DR; ≥37 weeks, 43% DR) compared with methods recom-
mended by National Institute for Health and Care Excellence 
(10.2% FPR: <32 weeks, 41% DR; <37 weeks, 39% DR; ≥37 
weeks, 34% DR) and the American College of Obstetricians and 
Gynecologists (ACOG; 64.2% FPR: <32 weeks, 94% DR; <37 
weeks, 90% DR; ≥37 weeks, 89% DR). These findings were 
confirmed in the Screening program for pre-eclampsia (SPREE) 
study, where the combined approach provided a DR for preterm 
preeclampsia of 82.4% versus 40.8% using the National Institute 
for Health and Care Excellence method.22 Pooled analysis of 
these 3 studies (61 174 women with singleton pregnancies; 1770 
cases of preeclampsia) demonstrated that combined screening 
detected 90% of early preeclampsia (<32 weeks), 75% of pre-
term preeclampsia (<37 weeks), and 41% of term preeclampsia 
(≥37 weeks), at a 10% FPR.23 Therefore, the predictive value of 
the combined approach is generally greater for early-onset pree-
clampsia than for late-onset preeclampsia.

Second- or Third-Trimester Preeclampsia 
Prediction
Angiogenic factors (eg, sFlt-1/PlGF ratio or PlGF alone) with 
or without clinical characteristics information can facilitate 
second- or third-trimester prediction of early- and late-onset 
preeclampsia.25–30

The pivotal PRediction of short-term Outcome in preGNant 
wOmen with Suspected preeclampsIa Study (PROGNOSIS) 
study evaluated the sFlt-1/PlGF ratio for predicting absence or 
presence of preeclampsia in 1050 women with suspected pre-
eclampsia (24+0 to 36+6 weeks’ gestation). This prospective, 
multicenter study derived and validated an sFlt-1/PlGF ratio of 

≤38 for ruling out preeclampsia within 1 week—in the valida-
tion arm, a cutoff of ≤38 provided a negative predictive value 
(NPV) of 99.3% (Table 2).25 The clinical utility of the sFlt-1/
PlGF ratio cutoff of 38 for short-term prediction of preeclampsia 
was validated in 764 Asian pregnant women with suspected 
preeclampsia in PROGNOSIS Asia. In this study, the sFlt-1/
PlGF ratio of ≤38 had an NPV of 98.6% (95% CI, 97.2%–
99.4%) for ruling out preeclampsia within 1 week.31 An sFlt-1/
PlGF ratio ≤38 at 36 weeks’ gestation was also clinically use-
ful for ruling out severe preeclampsia among low-risk patients 
in an unselected cohort of nulliparous women (NPV, 99.2%).27 
Sabrià et al28 showed that between 24 and 34 weeks’ gestation, 
no subsequent determination was needed to completely rule 
out early-onset preeclampsia when the first sFlt-1/PlGF ratio 
determination was ≤38, in singleton pregnancies with signs or 
symptoms of this syndrome. A single third-trimester sFlt-1/
PlGF ratio measurement can predict late-onset preeclampsia 
and FGR with a sensitivity and specificity of 84.4% and 93.0%, 
respectively.32 A recent meta-analysis and systematic review 
also concluded that the sFlt-1/PlGF ratio can prove a valuable 
screening tool for preeclampsia, helping in decision-making, 
treatment stratification, and better resource allocation.29

Recently, a prediction model for early-onset preeclampsia 
was developed, which included the sFlt-1/PlGF ratio plus 
mean arterial pressure, being parous, and previous pree-
clampsia; this model was superior to those using the sFlt-1/
PlGF ratio alone or with mean UtA-PI.26 Consistent with these 
findings, Gómez-Arriaga et al33 showed the sFlt-1/PlGF ratio 
is superior to Doppler for predicting preeclampsia in women 
with singleton pregnancies and suspected or confirmed pre-
eclampsia. In early preeclampsia, mean UtA-PI at diagnosis 
was abnormal in 100% and 91% of cases with and without 
FGR; sFlt-1/PlGF was abnormal in 100% and 96% of cases, 
respectively. In contrast, in late preeclampsia, mean UtA-PI 

Figure 2.  Pathophysiology and features of preeclampsia. Altered angiogenic factors indicating placental dysfunction can result in diverse adverse pregnancy 
outcomes. AT1-AAs indicates agonistic angiotensin II type 1 receptor autoantibodies; NK, natural killer; PlGF, placental growth factor; and sFlt-1, soluble fms-
like tyrosine kinase 1. Reprinted from Wang et al12 with permission. Copyright ©2009, American Physiological Society.
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was abnormal in 50% and 37% of cases with and without 
FGR, whereas the sFlt-1/PlGF ratio was abnormal in 50% and 
26% of cases, respectively. The authors concluded that mean 
UtA-PI was not diagnostically useful in late preeclampsia and 
that the sFlt-1/PlGF ratio showed high specificity but low sen-
sitivity to confirm suspected late-onset preeclampsia.

It should be noted that other angiogenic factors can also 
provide predictive value for preeclampsia. For example, in 
pregnant women with abnormal uterine perfusion, combined 
analysis of second-trimester sEng and sFlt-1 predicted early-
onset preeclampsia with a sensitivity of 100% and a speci-
ficity of 93.3%.30

Fetal Growth Restriction
Overview and Diagnosis
FGR describes reduced fetal growth velocity whereby the 
fetus fails to achieve its full growth potential. Early FGR (<32 
weeks’ gestation) accounts for 20% to 30% of cases and is 
associated with underlying placental pathology in addition 
to preeclampsia, whereas late FGR (≥32 weeks’ gestation) 
accounts for ≈ 70% of cases and is less strongly associated 
with hypertensive disorders.34,35 Although there is no gold 
standard definition, a widely used proxy is delivery of a 
small-for-gestational-age (SGA) infant (10th percentile) and 
an adverse pregnancy outcome. Clinically, SGA is character-
ized by a small fetus and normal uterine/umbilical Doppler, 

whereas FGR is characterized by a small fetus and an ab-
normal Doppler. Biomarkers, which are altered in FGR and 
usually normal in SGA, offer an additional means to differen-
tiate placentally mediated and constitutionally small fetuses. 
However, there is a considerable overlap between early pree-
clampsia and FGR, as highlighted in the Trial of randomized 
umbilical and fetal flow in Europe (TRUFFLE) study, which 
evaluated management strategies for early FGR.36 In this mul-
ticenter randomized trial, the majority of pregnancies had to 
be delivered preterm due to maternal complications, such as 
hypertensive diseases, including preeclampsia.36

Biomarkers and Ultrasound for FGR Prediction
Combining low PlGF or increased sFlt-1/PlGF ratio (indicat-
ing PD) and ultrasound (detecting SGA fetus <5th or 10th per-
centile) can diagnose FGR.35,37–41 Benton et al37 showed that in 
women with suspected FGR (ultrasound <10th percentile for 
gestational age), PlGF alone (<5th percentile by gestational 
age) had 98.2% sensitivity, 75.1% specificity, 99.2% NPV, 
and 58.5% positive predictive value (PPV) for identifying 
pregnancies with underlying placental pathology. Addition 
of sFlt-1 information, that is, sFlt-1/PlGF ratio, can provide 
additional predictive value. Gaccioli et al38 reported an asso-
ciation between a combination of elevated sFlt-1/PlGF ratio 
(>85th percentile) and ultrasonically suspected SGA at 28 
and 36 weeks’ gestational age (<10th percentile at 28 weeks; 
sFlt-1/PlGF cutoff of 38 at 36 weeks) in a prospective cohort 
of 4512 nulliparous women. The diagnostic effectiveness of 
this approach at 28 weeks’ gestation for preterm delivery of 
an SGA infant was characterized by 38.5% sensitivity, 99.1% 
specificity, 21.3% PPV, and 99.6% NPV. Similarly, diagnostic 
effectiveness at 36 weeks’ gestation for preterm delivery of 
an SGA infant associated with maternal preeclampsia or per-
inatal morbidity/mortality was characterized by 37.9% sensi-
tivity, 97.8% specificity, 21.6% PPV, and 99.0% NPV (Table 
S1 in the online-only Data Supplement).38 Consistent with 

Table 2.  Validation of a sFlt-1/PlGF Ratio Cutoff of ≤38 for Predicting 
Preeclampsia25

Preeclampsia

Development Cohort Validation Cohort

Percent (95% CI)

Within 1 wk

 ��� NPV: rule out 98.9 (97.3–99.7) 99.3 (97.9–99.9)

 ��� Sensitivity* 88.2 (72.5–96.7) 80.0 (51.9–95.7)

 ��� Specificity† 80.0 (76.1–83.6) 78.3 (74.6–81.7)

Within 4 wk

 ��� PPV: rule in 40.7 (31.9–49.9) 36.7 (28.4–45.7)

 ��� Sensitivity* 74.6 (62.5–84.5) 66.2 (54.0–77.0)

 ��� Specificity† 83.1 (79.3–86.5) 83.1 (79.4–86.3)

NPV indicates negative predictive value; PlGF, placental growth factor; PPV, 
positive predictive value; and sFlt-1, soluble fms-like tyrosine kinase 1.

*Sensitivity calculated based on the number of participants in whom 
preeclampsia developed within 1 wk or 4 wk.

†Specificity calculated based on the number of participants in whom 
preeclampsia did not develop within 1 wk or 4 wk.

Reprinted from Zeisler et al25 with permission. Copyright ©2016, 
Massachusetts Medical Society.

Table 1.  Clinical Definition of Preeclampsia (ACOG Criteria)10,13

Preeclampsia

Blood pressure

 ��� Systolic blood pressure of 140 mm Hg or more or diastolic blood 
pressure of ≥90 mm Hg on 2 occasions at least 4 h apart after 20 wk of 
gestation in a woman with a previously normal blood pressure

 ��� Systolic blood pressure of ≥160 mm Hg or diastolic blood pressure of 
≥110 mm Hg (severe hypertension can be confirmed within a short 
interval [minutes] to facilitate timely antihypertensive therapy)

AND proteinuria

 ��� ≥300 mg per 24 h urine collection (or this amount extrapolated from a 
timed collection)

 ��� OR protein/creatinine of ≥0.3 mg/dL

 ��� OR dipstick reading of 2+ (used only if other quantitative methods not 
available)

OR in the absence of proteinuria, new-onset hypertension with the new-
onset of any of the following:

 ��� Thrombocytopenia: platelet count <100 000×109/L

 ��� Renal insufficiency: Serum creatinine concentration >1.1 mg/dL or a 
doubling of the serum creatinine concentration in the absence of other 
renal diseases

 ��� Impaired liver function: elevated blood concentrations of liver 
transaminases to twice normal concentration

 ��� Pulmonary edema

  ���  New-onset headache unresponsive to medication and not accounted 
for by alternative diagnoses or visual symptoms

ACOG indicates American College of Obstetricians and Gynecologists. 
Reprinted from American College of Obstetricians and Gynecologists13 with 
permission. Copyright ©2019, Wolters Kluwer Health, Inc.
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these findings, MacDonald et al40 demonstrated clinical utility 
of sFlt-1, PlGF, and their ratio for detecting SGA infants or 
preeclampsia at 36 weeks’ gestation. Median plasma con-
centrations of PlGF were significantly lower in women who 
subsequently had SGA new-borns (178.5 versus 326.7 pg/
mL; P<0.0001), and the sensitivity and specificity of sFlt-1/
PlGF ratio (cutoff 33.4) to predict <10th percentile SGA 
infants were 26.5% and 89.9%, respectively. For comparison, 
a strategy of selective third-trimester ultrasound provided 
22.9% sensitivity for SGA.40

Finally, preliminary evidence from a prospective lon-
gitudinal study suggests a combination of sFlt-1/PlGF and 
NT-proBNP (N-terminal prohormone of brain natriuretic pep-
tide) may predict isolated FGR; this approach is in the early 
stages of investigation and not used in clinical practice.42

These findings illustrate that combined information on an-
giogenic biomarkers and ultrasound generally provides higher 
specificity (rule out) than sensitivity (rule in) for FGR and that 
specificity for predicting adverse outcomes is increased by 
knowledge of the sFlt-1/PlGF ratio. Furthermore, early and 
late FGR appear to have distinct pathologies, with angiogenic 
biomarkers showing greater relevance in early FGR. Thus, the 
clinical use of angiogenic biomarkers to facilitate early FGR 
diagnosis is attractive, as early FGR is difficult to manage 
(in contrast to late FGR that is more difficult to diagnose but 
easier to manage).43

Superimposed Preeclampsia, Chronic 
Hypertension, and Gestational Hypertension

Overview and Diagnosis
Gestational hypertension is characterized by elevated blood 
pressure during the second half of pregnancy in previously 
normotensive women, whereas superimposed preeclampsia 
(SPE) is the development of preeclampsia in women with pre-
existing (ie, chronic) hypertension. Preeclampsia occurs 3 to 
5× more frequently in women with preexisting hypertension 
compared with women who are normotensive at conception.44 
However, diagnosis of SPE based on current recommenda-
tions is challenging, as women already have hypertension and 
may already exhibit proteinuria.

sFlt-1/PlGF Ratio for SPE or Gestational 
Hypertension Prediction
The sFlt-1/PlGF ratio is a reliable tool for discriminating be-
tween pregnancy-related hypertensive disorders. Patients with 
preeclampsia or hemolysis, elevated liver enzymes, and low 
platelet count syndrome have a significantly increased sFlt-1/
PlGF ratio compared with patients with normal pregnancy out-
comes or chronic and gestational hypertension (P<0.001).45 A 
higher sFlt-1/PlGF ratio can facilitate diagnosis of early-onset 
SPE but is less predictive of late-onset SPE where angiogenic 
imbalance is less prominent.46,47 For example, in women with 
preexisting chronic hypertension, the sFlt-1/PlGF ratio is 
higher before clinical diagnosis at 20 weeks’ gestation in indi-
viduals who subsequently developed early-onset SPE between 
28 and 34 weeks, compared with levels in those who never de-
veloped preeclampsia (P=0.001) or who developed late-onset 
SPE (P=0.001).46 Furthermore, addition of the sFlt-1/PlGF 
ratio to a model comprising information on systolic blood 

pressure, serum uric acid, and plasma renin activity can im-
prove predictive accuracy.46

Despite a role in SPE, angiogenic imbalance appears to 
play a lesser role than in preeclampsia. Costa et al47 showed 
that individuals with preeclampsia had significantly higher 
sFlt-1/PlGF ratios than normotensive women at gestational 
weeks 26 (P=0.004), 32 (P=0.001), and 36 (P=0.029). In con-
trast, women with SPE only had a higher sFlt-1/PlGF ratio 
at week 32 (P=0.039), compared with women who remained 
chronically hypertensive.

Women with chronic kidney disease (CKD) frequently de-
velop SPE, and distinction from underlying disease can be 
challenging.48,49 Bramham et al49 examined the diagnostic perfor-
mance of PlGF, sFlt-1, and the sFlt-1/PlGF ratio for predicting 
SPE in women with and without CKD or chronic hypertension. 
Women with SPE and requiring delivery within 14 days had 
higher sFlt-1/PlGF ratios than women with CKD or chronic hy-
pertension without SPE (P<0.0001). Diagnostic performance of 
the sFlt-1/PlGF ratio for SPE requiring delivery within 14 days 
in women with CKD or chronic hypertension was confirmed 
(receiver operator characteristic area under the curve, 0.83; SE, 
0.06). Consistent with these findings, an observational study of 
pregnant women with CKD demonstrated a significant increase 
in sFlt-1 and significant decrease in PlGF in pregnancies with 
SPE, compared with women showing severe proteinuria without 
hypertension or a normal clinical course and normal controls.50

Adverse Pregnancy Outcomes

Overview
The overall burden of adverse pregnancy-related disease is con-
siderable. Preterm and low birth weight are the most relevant 
biologic determinants of new-born infant survival, with preterm 
births accounting for 75% of perinatal mortality and >50% of 
long-term morbidity.51 Stillbirths also represent a substantial 
global burden with an estimated average worldwide rate of 18.4 
per 1000 births in 2015.52 Placental abruption affects 0.4% to 
1.0% of pregnancies and is itself associated with increased risk 
of preterm birth, stillbirth, and perinatal mortality, the latter 
extending beyond the perinatal period.53 Several recent studies 
show a clear association between adverse pregnancy outcomes 
and an imbalance in angiogenic regulators.54–56

sFlt-1, PlGF, and Ultrasound for Adverse Pregnancy 
Outcomes Prediction
Adverse outcomes are here defined as unintended events occur-
ring as a result of medical care and are harmful to a patient’s 
health. In the context of PD, the most common adverse out-
come is iatrogenic preterm delivery. Combined analysis of 
uterine Doppler and angiogenic factors substantially improves 
sensitivity and specificity for prediction of adverse outcomes 
and iatrogenic preterm delivery.42,56–61 Stepan et al58 observed 
significantly higher sFlt-1 (1403.6±555 versus 451.8±42 pg/
mL; P<0.05) and lower PlGF (139.6±24 versus 184.1±21 
pg/mL) concentrations in second-trimester pregnancies with 
adverse versus normal outcomes—this difference was more 
pronounced in patients with subsequent preeclampsia than 
subsequent FGR due to greater decrease in PlGF in pree-
clampsia. Second-trimester assessment of sFlt-1 and Doppler 
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also improved sensitivity for iatrogenic preterm delivery be-
fore 34 weeks’ gestation. Sensitivity and specificity, respec-
tively, for prediction of preterm delivery, were 64% and 63% 
with Doppler alone, 79% and 78% with sFlt-1+PlGF, 71% and 
76% with sFlt-1/PlGF ratio, and 79% and 80% with Doppler 
plus sFlt-1.58 Similarly, in women diagnosed with FGR before 
34 weeks’ gestation via ultrasonography, an sFlt-1/PlGF cutoff 
value of ≥86.2 predicted adverse outcomes with a 77.8% sen-
sitivity and 80.0% specificity. Notably, a high sFlt-1/PlGF 
ratio was also associated with a shorter duration to delivery 
(P<0.001; Figure 3).57,62

Biomarkers Alone for Adverse Pregnancy Outcomes 
Prediction
In the absence of clinical measurements, combined biomarker 
and single biomarker measurements can facilitate prediction 
of adverse pregnancy outcomes. Patients with an intermediate 
sFlt-1/PlGF ratio (>38 and <85) are at risk for severe adverse 
outcomes63,64 and those with sFlt-1/PlGF ratio >38 have a 
shorter remaining pregnancy duration and higher risk of pre-
term delivery.31,62 In a study of women with suspected pree-
clampsia (24–36 6/7 weeks’ gestation), individuals with sFlt-1/
PlGF ratio >38 had a 2.9-fold greater likelihood of imminent 
delivery (P<0.001) and shorter remaining time to delivery 
(median 17 versus 51 days; P<0.001) compared with those 
with sFlt-1/PlGF ratio ≤38, regardless of the development of 

preeclampsia.62 Similarly, in the PROGNOSIS Asia study, 
individuals with a sFlt-1/PlGF ratio >38 had a greater risk of 
imminent delivery (hazard ratio, 3.5) compared with individu-
als with a ratio ≤38.31 Preliminary investigations also suggest 
that NT-proBNP can predict preterm delivery and may in-
crease the predictive accuracy of an algorithm based on sFlt-1/
PlGF plus gestational age at measurement.42,65

Finally, a recent systematic review identified PlGF as a 
predictor of adverse intrapartum and perinatal outcomes.66 
Low PlGF levels were consistently associated with cesarean 
section for fetal compromise, neonatal intensive care unit ad-
mission, and stillbirth.

Refining the Definition of Preeclampsia: the 
Angiogenic-Placental Syndrome

Preeclampsia was previously defined as hypertension plus 
proteinuria after 20 weeks’ gestation. However, the term pre-
eclampsia only describes a symptom before eclampsia and is 
rather unspecific. The designation of preeclampsia based on 
the old definition, including hypertension and proteinuria, 
is now outdated, as hypertension and proteinuria are only 2 
among many other symptoms with poor predictive value. The 
growing understanding of preeclampsia as a heterogeneous hy-
pertensive disorder of pregnancy triggered the ACOG’s hyper-
tension 2013 task force to revise the definition of preeclampsia 
to include the presence of severe features with or without 

Figure 3.  Kaplan-Meier curve of time to delivery according to sFlt-1-to-PlGF (soluble fms-like tyrosine kinase 1 to placental growth factor) ratio at visit 1 in 
women without preeclampsia (samples taken during early gestational phase). Reprinted from Zeisler et al12 with permission. Copyright ©2016, The American 
College of Obstetricians and Gynecologists.
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proteinuria (Table 1).10,13 Clinical and pathological studies sug-
gest that the placenta plays a central role in the pathogenesis 
of preeclampsia.67 Altered angiogenic biomarkers (sFlt-1/PlGF 
ratio or PlGF alone) are indicative of PD. sFlt-1/PlGF ratio of 
≥85 is associated with the diagnosis of preeclampsia and pre-
dicted adverse outcomes and delivery within 2 weeks.16,68 Low 
PlGF in pregnant women indicates PD with its clinical corre-
late of preeclampsia or fetal growth restriction.69

Therefore, in the interest of fostering discussion around 
this important area, it is our opinion that the ACOG definition 
of preeclampsia could be extended to include the combination 
of new-onset hypertension and new-onset altered angiogenic 
biomarkers (Tables  1 and 3). This approach would be con-
sistent with the updated 2019 guideline of the German, Swiss 
and Austrian Societies of Obstetrics and Gynecology for 
hypertensive disorders in pregnancy, where combined new-
onset hypertension plus altered angiogenic status (increased 
sFlt-1/PlGF ratio or decreased PlGF alone) not accounted 
for by alternative diagnoses is recognized as preeclampsia.17 
Moreover, we suggest that the term preeclampsia should be 
evolved to angiogenic-placental syndrome. Angiogenic fac-
tors, in combination with new-onset hypertension as an aid 
to diagnose preeclampsia, show high specificity (low FPR), 
in particular for early-onset preeclampsia (99.5% specificity 
shown for sFlt-1/PlGF ratio using a cutoff of 85).70,71 Adding 
the angiogenic factor sFlt-1 to PlGF alone (yielding the sFlt-1/
PlGF ratio) increases specificity for diagnosis of preeclampsia 
(reduced FPR).72 To minimize the FPR in late-onset pree-
clampsia the cutoff values for altered angiogenic factors may 
be adjusted (such as higher cutoff value of sFlt-1/PlGF ratio) 
in combination with new-onset hypertension.71 This could be 
implemented in a diagnostic algorithm reflecting the ACOG 
definition of preeclampsia.

Moreover, this approach would support physicians and 
aid identification of pregnant women with SPE and pregnant 
women developing preeclampsia in whom onset of proteinuria 
is observed much later than the onset of hypertension. The 
designation angiogenic-placental syndrome better reflects the 

pathobiology of distinct clinical manifestations resulting from 
a placenta-generated antiangiogenic state.﻿﻿﻿﻿﻿‍‍
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