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Summary

Preeclampsia is a major cause of maternal and fetal mor-
bidity and mortality. Early recognition of the disease may
be challenging. Complications may precede the onset of
clinical symptoms and medical intervention is often de-
layed. Moreover, in the absence of specific clinical signs,
many patients will present symptoms mimicking the dis-
ease without ever being diagnosed with preeclampsia.
This situation may, however, lead to medical interventions
and cause unnecessary stress for the patient. For many
years, research tried to evaluate the significance of serum
biomarkers as early indicators of preeclampsia. Among
many, the sFlt-1/PlGF ratio, given its performance,
aroused the greatest interest. This article reviews current
knowledge on the subject, focusing on a Swiss perspec-
tive.

Introduction

Hypertensive disorders affect up to one in ten pregnancies.
Preeclampsia in particular, with an incidence of 2–3%, is
responsible for maternal complications such as eclamp-
sia, HELLP (Haemolysis, Elevated Liver enzymes, Low
Platelet count) syndrome and multi-organ dysfunction, and
carries a lifelong increased risk of cardiovascular disease.
Moreover, it is estimated that more than 60,000 maternal
deaths worldwide occur each year from complications of
preeclampsia, mainly in developing countries [1]. From the
fetal-neonatal perspective, preeclampsia is a major cause
of prematurity and intrauterine growth restriction (IUGR)
and, as a consequence, an important source of perinatal
mortality. In addition, epigenetic changes associated with
preeclampsia such as DNA methylation negatively impact
on the infant’s risk of metabolic and cardiovascular disor-
ders later in life [2]. Although antihypertensive drugs may
help in controlling blood pressure, childbirth and in partic-
ular the delivery of the placenta remains the only curative
treatment for preeclampsia. Correct diagnosis, optimisa-
tion of antenatal surveillance, administration of corticos-
teroids contributing to fetal lung maturation, transfer to a

facility with a neonatal care unit and targeted timing of de-
livery improve maternal and fetal outcomes. Therefore, the
early identification of women at risk is essential in prena-
tal care. Due to poor obstetric outcomes, this statement is
especially true in early gestation.

Preeclampsia, a major challenge for the clini-
cian

The relative simplicity of the old definition of preeclamp-
sia (hypertension and proteinuria) has long contrasted with
the severity of the complications associated with the dis-
ease and poorly reflected its systemic nature. In addition,
the severity criteria did not always correlate with the ma-
ternal-fetal clinical picture and outcomes as the onset of
complications such as placental abruption, fetal demise or
seizures often preceded the diagnosis [3]. In recent years,
the International Society for the Study of Hypertension in
Pregnancy (ISSHP) amended the diagnostic criteria to in-
clude the concept of organ dysfunction. More important-
ly, the presence of proteinuria is no longer essential for
diagnosis (table 1) [4]. Despite these changes, the current
definition remains based on nonspecific late-onset clini-
cal signs. It does not include any biochemical markers
that have been studied in the setting of preeclampsia, such
as human chorionic gonadotropin (hCG), pregnancy asso-
ciated plasma protein- A (PAPP-A), vascular endothelial
(VEGF) and placental (PlGF) growth factors, antiangio-
genic proteins, or sFlt1/PlGF ratio.

In this setting, it appears important to differentiate
preeclampsia that occurs at a late gestational age (late on-
set) from early gestation disease (<34 week’s gestation).
The first type is believed to be of maternal origin and usu-
ally not associated with IUGR, whereas the pathogenesis
of early onset preeclampsia is different, characterised by
defective trophoblastic invasion and incomplete remodel-
ling of the spiral arteries in the first trimester of pregnan-
cy, resulting in placental ischaemia, oxidative stress and
reduced maternal-fetal exchange. This state of hypoxia is
associated in part with an imbalance in proteins regulat-
ing angiogenesis. PlGF, the main proangiogenic factor in
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pregnancy decreases while anti-angiogenic factors such as
soluble fms-like tyrosine kinase 1 (sFlt1) increase. It plays
a fundamental role by directly inhibiting angiogenesis, as
well as by blocking the vasodilatory effects of PlGF. These
biological changes precede the onset of clinical symptoms
or biological changes by several weeks [5]. A direct com-
parison of the levels of both factors by calculating a sFlt1/
PlGF ratio as an early marker has sparked interest in this
diagnostic approach to preeclampsia, especially in early
gestation.

The sFlt1/PlGF ratio in clinical practice

Diagnostic aid
The difficulties associated with diagnosis and the often un-
predictable course of preeclampsia hinder the early iden-
tification of sick or at-risk patients and delay their treat-
ment. On the other hand, a large number of patients who
present with clinical signs that may suggest preeclampsia
do not develop the disease, but undergo additional, often
unnecessary, examinations and hospital admissions. In this
setting, the sFlt1/PlGF ratio may be useful in distinguish-
ing patients who require intensive management from those
who could benefit from reduced monitoring [6].

A prospective observational study conducted on more than
1000 patients between 24 and 36 + 6 weeks of gestation
(PROGNOSIS) showed that a ratio of ≤38 made it possible
to rule out preeclampsia in the following week in more
than 99% of cases (negative predictive value [NPV]
99.3%, 95% confidence interval [CI] 97.9–99.9). For the
same threshold ≤38, the NPV was 97.9% at 2 weeks and
94.3% at 4 weeks. Unfortunately, with a positive predictive
value (PPV) of only 36.7% at 4 weeks (95% CI 28.4–45.7),
a ratio greater than 38 poorly correlated with the presence
of preeclampsia [7]. Ultimately, higher thresholds have
been shown to be more predictive. Verlohren et al. suggest-
ed values of >85 before 34 weeks and >110 after 34 weeks
as being more specific for the diagnosis of preeclampsia
[8].

Table 1: ISSHP (International Society for the Study of Hypertension in
Pregnancy) criteria for the diagnosis of preeclampsia.

Clinical/ biological signs Definition

Gestational hyperten-
sion

Onset at or after 20 weeks gestation
Systolic BP ≥140 mm Hg or diastolic BP
≥90 mm Hg

Accompanied by one of the following new-onset conditions

Proteinuria Urinary dipstick: ≥1 + (= 30 mg/ml) con-
firmed by a
Urinary protein / creatinine ratio ≥30 mg/
mmol or
24-hour proteinuria ≥300 mg

Acute kidney injury Creatinine >90 μmol/l

Liver involvement Elevation of transaminases (AST / ALT
>40 IU/l) with or without right upper
quadrant or epigastric pain

Neurological complication Eclampsia, stroke, blindness or persis-
tent visual scotomata, clonus, severe
headache, altered mental status

Haematological complica-
tion

Thrombocytopenia <150 G/l, haemoly-
sis, DIC

Uteroplacental dysfunction IUGR, abnormal umbilical artery
Doppler, FDIU

BP = blood pressure; DIC = disseminated intravascular coagulation; IU-
GR = intrauterine growth restriction; FDIU = fetal death in utero. Adapt-
ed from Brown et al. 2018 [4]

To date, in the absence of stronger scientific evidence, the
ISSHP does not recommend the use of sFlt1/PlGF ratio
in clinical practice. The National Institute of Health and
Care Excellence (NICE) supports the routine use of two
tests (the Triage PlGF test, Quidel and the Elecsys sFlt-1/
PlGF ratio, Roche Diagnostics) as an exclusion test only
for women with suspected preterm preeclampsia [9]. Other
national scientific committees in Europe have recognised
the usefulness of such a test in the management of women
with a suspected preeclampsia. In 2019, The Swiss Society
of Obstetrics and Gynaecology, through an expert opinion,
also came out in favour of the sFlt-1/PlGF test in selected
patients (table 2) [10].

Although the Swiss Society of Gynaecology recommends
the use of the sFlt-1/PlGF ratio as an aid to diagnosis
in preterm preeclampsia, it is also important to mention
the possibility of using PlGF alone as a triage tool. The
PELICAN study showed that, in women with suspected
preeclampsia before 35 weeks of gestation, low PlGF
(<100 pg/ml) had high sensitivity and NPV (96% and 98%,
respectively) for identifying preeclampsia that necessitates
delivery within 14 days, Moreover, PlGF performed better
that clinical (blood pressure) or biological factors (urate,
liver enzymes, proteinuria) taken alone [11]. Use of PlGF
in the clinical setting seemed to reduce the time to diag-
nosis (from 4.1 to 1.9 days, p = 0.27) with little reduction
in severe maternal outcomes (5% v s 4%, p = 0.043),
but no difference in perinatal outcomes or gestational age
at delivery [12]. PlGF alone tests (Triage PlGF test and
DELFIA Xpress PlGF 1-2-3 test) also performed equally
compared to sFlt-1/PlGF ratio test (Elecsys) at predicting
the need for delivery within 14 days in women with sus-
pected preeclampsia [13].

Prognosis and management support in confirmed cas-
es of preeclampsia
In the event of a confirmed diagnosis of preeclampsia ac-
cording to clinical criteria and depending on the clinical
situation and the gestational age, the medical team has first
to decide whether or not to administer corticotherapy for
lung maturation and choose between a prompt delivery or
conservative management. In cases of severe prematurity,
each additional day in utero increases the chances of sur-
vival of the newborn. The clinician must therefore weigh
the benefit to the fetus of prolonging the pregnancy against
the risk to the mother of clinical deterioration and, in the

Table 2: Indications for the use of the sFlt1/PlGF ratio (Elecsys im-
munoassay, Roche).

Indication for the test (reimbursed by health insurance)

Patients ≥20 weeks gestation with suspected preeclampsia based on
clinical or biological signs * but not meeting the diagnostic criteria for
preeclampsia

Patients at risk of preeclampsia following a first trimester screening
(Fetal Medicine Foundation London or NICE)

* BP ≥140/90 mm Hg; new onset or worsening of isolated proteinuria;
neurological disorders (headache, visual disturbances); Significant
oedema (including face) and weight gain >1 kg/week; epigastric pain,
nausea; thrombocytopenia; liver test disturbance; IUGR; abnormal
uterine artery Doppler (>95th centile/ bilateral notch)

Test not indicated

Asymptomatic patients

BP = blood pressure; IUGR = intrauterine growth restriction
Adapted from expert opinion 67, Swiss Society of Obstetrics and Gy-
naecology [10]
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absence of imminent complications, try to delay delivery.
This process can be complicated, especially because of the
sometimes unpredictable course of the disease. Unfortu-
nately, the rare predictive models such as PIERS, based on
clinical signs and laboratory parameters alone, allow a risk
assessment within the next 48 hours only [14]. More ef-
ficient prognostic tools would allow a better selection of
preeclampsia patients in whom prolongation of the preg-
nancy could be considered.

The chances of preeclampsia in patients with a sFlt1/PlGF
ratio <38 are extremely low (although the clinician should
be cautious not to misdiagnose preeclampsia based on neg-
ative biomarkers in the presence of clinical diagnostic cri-
teria). The risk of adverse outcomes due to preeclampsia
still remains low in patients in whom the ratio is <85 before
34 weeks and <110 past 34 weeks [15]. In contrast, a very
high sFlt1/PlGF ratio or a rapid increase in the latter is
closely related to the impending onset of preeclampsia and
a short time until delivery becomes clinically indicated.
Before 34 weeks, patients with a ratio >85 are at greater
risk of developing complications and giving birth within
2 weeks (86% vs 15.8%, p <0.001) [16]. Verlohren et al.
demonstrated that in the event of an exponential increase
in the sFlt1/PlGF ratio (with threshold values > 655), two
thirds (70%) of patients require delivery within 48 hours
and more than 9 out of 10 (94%) give birth within 7 days
[17]. Similarly, results from a French study showed that
sFlt1/PlGF ratio values above 293 were directly associated
with the onset of adverse maternofetal outcomes (hazard
ratio [HR] 3.61, 95% CI: 2.13–6.10; p <0.001) and a short-
er time to delivery (HR 2.49, 95% CI 1.56–3.96; p <0.001)
[18].

After 34 weeks, biochemical markers might be deemed
less relevant, given the lower benefit of prolonging preg-
nancy. As highlighted in the recent PEACKOC study,
PlGF (<100pg/ml) and sFlt1-PlGF ratio (>38) were unlike-
ly to add to clinical assessment to establish the need for
delivery in women with late preterm preeclampsia (34–37
weeks gestation). Although both tests showed good sensi-
tivity (PlGF 98%; sFlt1-PlGF ratio 91%) they performed
poorly in terms of NPV (71% and 61%) and specificity
(8% and 21%). Finally, the area under the receiver operator
curve for this gestational age (0.6 and 0.64) was below a
clinically useful threshold [19].

In summary, sFlt1/PlGF ratios <38 are highly reassuring
and should encourage minimal medical intervention. On
the other hand, higher levels appear to be correlated with
disease confirmation and greater severity of the disease.
Though no precise threshold can be established beyond
which childbirth is necessary, the values of the sFlt1/PlGF
ratio >85 before 34 weeks and >110 beyond 34 weeks are
those recommended in current practice as an alert thresh-
old. In this case, close surveillance of the mother and the
fetus are recommended. Depending on the degree of clini-
cal concern and gestational age and the severity of the dis-

ease, corticotherapy should be considered and in order to
achieve a maximum impact, administered within a week
from delivery. Although patients with intermediate values
(38–85 <34 weeks / 38–110 >34 weeks) may not immedi-
ately fall into the high-risk category, clinical and biolog-
ical follow up within 1-2 weeks has been recommended
by some authors, but not included in any clinical guide-
lines to date [10, 20]. It is important to note that in the
absence of more solid clinical data, the sFlt1/PlGF ratio
should be used in combination with the usual clinical tools,
and medical decisions should not be based on this para-
meter alone. The expert opinion of the Swiss Society of
Obstetrics and Gynaecology is that in patients already di-
agnosed with preeclampsia, the sFlt1/PlGF ratio should be
used only in the context of clinical research; it “does not
constitute the only parameter to indicate delivery” [10].

It has to be acknowledged that as most studies based on
sFlt-1/PlGF ratio used Elecsys immunoassay from Roche
Diagnostics (Germany), tests from other manufacturers
such BRAHMS Kryptor (Thermofisher, Germany) are also
available. Inter-assay differences might be clinically rele-
vant, and the tests are not interchangeable (table3). There-
fore, such results should be interpreted according manufac-
turer criteria and suggested thresholds [21].

Other applications of the sFlt1/PlGF ratio
In some patients with underlying conditions such as kidney
disease or systemic lupus erythematosus, hypertension or
proteinuria may predate pregnancy. This can make it clini-
cally difficult to distinguish a new onset preeclampsia from
the other condition flaring up. Yet this kind of differential
diagnosis is important since it can influence clinical man-
agement. Before 34 weeks, the sFlt1/PlGF ratio does not
appear to be higher in women with chronic or gestational
hypertension than in healthy women. However, beyond 34
weeks, an increase in the ratio is observed in hypertensive
patients, but with values rarely (<10%) reaching 110. Sim-
ilarly, the sFlt1/PlGF ratio is higher in preeclampsia than in
an active flare of lupus [22]. Thus, though the medical da-
ta are still scarce, the sFlt1/PlGF ratio might in the future
prove useful in differentiating pregnancy-related hyperten-
sive disorders such as preeclampsia from worsening of a
preexisting condition such as deterioration in kidney func-
tion in women with known kidney disease.

Like preeclampsia, vascular IUGR entails a primary pla-
cental dysfunction. Data from the PROGNOSIS study
showed that patients with an elevated sFlt1/PlGF ratio, but
who did not develop preeclampsia, were at greater risk of
giving birth to a growth-restricted baby [7]. These data,
found in several smaller studies, were recently summarised
in a systematic review [23]. Its findings, given the irre-
ducible variety in design and methodology of the studies
it reviews, do not allow the ratio to be recommended in
current clinical practice as a reliable predictor of IUGR. In

Table 3: Available PlGF tests on the Swiss market; rule-out thresholds and performances.

sFlt-1/PlGF ratio
Elecsys

sFlt-1/PlGF ratio
BRAHMS

PlGF alone
Triage test

PlGF alone
DELFIA Xpress

Rule-out threshold ≤38 >55 ≥100 pg/ml ≥150 pg/ml

Sensitivity 80% – 96% 87.5%

Negative predictive value 99.3% – 98% 97.2%

Suggested rule-in threshold >85 >188 <12 pg/ml <50 pg/ml
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all cases, care should be taken to differentiate patients with
clinical suspicion of preeclampsia from those with isolated
IUGR in whom serum biomarkers may be equally altered.
These data nevertheless constitute an interesting line of re-
search for the future in screening for IUGR.

SFlt1/PlGF ratio and health economics

From an economic point of view, several simulations, in-
cluding one from Switzerland, have shown a favourable
cost-benefit balance [24]. This is mainly due to a reduction
in inpatient admissions and a reduced follow-up of patients
considered to be at low risk of preeclampsia, in the light
of the sFlt1/PlGF ratio. To the extent of our knowledge,
no clinical cost benefit studies have been yet published.
In Switzerland, since December 2019 the cost of the test
(CHF 160) is publicly funded in cases of suspected
preeclampsia after 20 weeks or during clinical follow-up
of patients with confirmed preeclampsia, but not in asymp-
tomatic patients [10].

Conclusion

Angiogenic factors play an important role in placental
pathophysiology. The sFlt1/PlGF ratio is an objective and
effective aid in the management of patients at risk of
preeclampsia, although its place in the clinical setting is
still dependent on more subjective interpretation. To date,
its great advantage lies in its high negative predictive value
which makes it an excellent exclusion test. In patients
with clinical suspicion who do not fulfull all criteria for
the diagnosis, a “negative” sFlT1/PlGF ratio may help to
reduce unnecessary medical intervention, but its positive
predictive value remains poor, which limits the use of
serum biomarkers as a diagnostic tool. It is important to
note that there is currently no evidence that the use of
the sFlt1/PlGF ratio reduces the occurrence of complica-
tions from preeclampsia or improves maternal or fetal out-
comes. Its use should therefore be reserved for selected
patients according to local or national guidelines, while
continuing to base the management of patients with sus-
pected preeclampsia on traditional clinical tools. To date,
there is no single test that can diagnose preeclampsia. Op-
timal management of preeclampsia patients therefore en-
tails a combination of clinical evaluation along with close
maternal and fetal surveillance supplemented by the sFlt1/
PlGF ratio.
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