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Abstract
Background: To date, predictive markers of preeclampsia have not been established in the field of prenatal care. The Soluble fms-like tyrosine kinase-1/Platelet
Growth Factor (sFlt-1/PlGF) ratio has been extensively studied in the literature and seems to be promising.
However, consensus regarding its efficacy is lacking.
Objective: The purpose of the present meta-analysis
is to evaluate the sensitivity and specificity of sFlt-1/
PlGF ratio by including studies that applied the most
commonly studied cut-off (85) for the diagnosis of
preeclampsia.
Methods: We conducted a systematic review searching the Medline (1966-2016), Scopus (2004-2016), Clinical Trials.gov (2008-2016), and Cochrane Central Register of Controlled Trials CENTRAL (1999-2016) databases
together.
Results: Five studies were included that provided data
concerning the sFlt-1/PIGF ratio 85 for 850 control
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pregnant women and 461 patients with preeclampsia.
The sensitivity of sFlt-1/PlGF in detecting preeclampsia
was 75.1% (95% confidence interval (CI), 70.9-78.9%)
and the specificity 90.1% (95% CI, 87.8-92.0%). Additionally, the average positive likelihood ratio was 5.889
(95% CI, 2.473-14.022) and the negative likelihood ratio
was 0.281 (95% CI, 0.167-0.473). The diagnostic odds
ratio was 25.702 (95% CI, 7.567-87.305) and the area
under the SROC curve 0.9173.
Conclusions: The diagnostic cut-off 85 of sFlt-1/PlGF
ratio is of mild clinical importance, mainly due to the
fact that studies in the field did not limit its application on the first trimester of pregnancy. However, given its high sensitivity and specificity, at least in the case
of early onset preeclampsia, it seems to be promising
as a tool.
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Introduction
Preeclampsia complicates 3-5% of pregnancies
worldwide and 0.4-2.8% of pregnancies in Europe
and is related with significant maternal and fetal
morbidity and mortality1-4. Risk factors include
primiparity, advanced maternal age (>35 years),
previous history of PE or gestational hypertension (GH), family history of hypertension, high
pre-pregnancy body mass index (BMI) and bilateral notching (BN) in the uterine artery5, 6. The exact
pathophysiological processes, however, still remain unclear.
Delivery still remains the gold standard in the
treatment of the disease, as there is no accurate
test which could potentially screen for the disease;
thus permitting early therapeutic intervention.
Several factors have been investigated in the field
of preeclampsia, including mediators of inflammation, angiogenic and anti-angiogenic factors7-10.
The most commonly tested factors are the soluble
fms-like tyrosine kinase 1 (sFlt-1) and the placental growth factor (PlGF) which are both released
from the placenta and the maternal endothelium,
the soluble endoglin (sEng) and (17-b), dehydrogenase 1(HSD17B1), metalloprotease 12 (ADAM-12),
inhibin-A and pregnancy associated plasma protein
A (PAPP-A)11-13. The imbalance between those angiogenic and antiangiogenic factors seem to play a
crucial role in the development of preeclampsia14, 15.
PlGF belongs to the VEGF family. It is released
from the placenta and the maternal endothelium
and is claimed to exert a proangiogenic function in
the maternal circulation16. Its levels are normally
increased during the first and second trimester and
decrease during the third trimester. On the contrary,
decreased levels of PIGF have been detected early
in pregnant women about to develop preeclampsia17.On the other hand, sFIt-1 is an antagonist of
vascular endothelial growth factor alpha (VEGF-A).
When its serum concentration rises it reduces the
effect of VEGF and PIGF in the maternal circulation
and it promotes an antiangiogenic function which is
triggered by lowering the systemic nitric oxide and
increasing the levels of endothelin8. Increased plaVOLUME 16, ISSUE 1, JANUARY - MARCH 2017
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centa expression and secretion of sFIt-1 have been
implicated in the pathogenesis of preeclampsia18.
In early onset preeclampsia a profound dysregulation of placental proteins, including sFIt-1 PIGFs has
been observed by previous investigators19, 20.
During the last years two commercially available kits which measure the sFlt-1/PlGF ratio have
been produced (Elecsys® (Cobas, Hoffman-La Roche, Basel, Switzerland) and KRYPTOR (BRAHMS,
GmbH, Hennigsdorf, Germany)). In their previous systematic review Liu et al suggested that the
pooled diagnostic sensitivity and specificity of
the sFlt-1/PlGF ratio were 0.78 and 0.84 with an
area under the curve (AUC) of 0.8821. However, the
methodological heterogeneity of studies included
precludes firm results, mainly because they did not
use a specific cut-off value for the sFlt-1/PlGF ratio. The aim of the present systematic review is to
evaluate the sensitivity and specificity of the sFlt1/PlGF ratio by including studies that applied the
most commonly studied cut-off (85) for the diagnosis of early and late preeclampsia.

Methods
Study design
The present study was designed according to the
PRISMA guidelines22. Eligibility criteria were predetermined by the authors. No language or date restrictions were applied during the literature search.
Studies that investigated the efficacy of sFlt-1/PlGF
ratio with a specific cut-off value (85) in detecting
preeclampsia were held eligible for inclusion. The
studies were selected in three consecutive stages.
The titles and/or abstracts of all electronic articles
were screened to assess their eligibility. All the articles that met or that were presumed to meet the
criteria were retrieved in full text. In the final stage,
after carefully reading the full text articles the authors selected for tabulation all clinical observational studies (both prospective and retrospective)
which evaluated the efficacy of an sFlt-1/PlGF ratio of 85 to detect preeclampsia. Case reports and
review articles were excluded from tabulation and
analysis of results. Animal studies were also ex-
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Figure 1: QUADAS-2 assessment tool for studies of diagnostic accuracy

cluded from tables. Vasilios Pergialiotis and Anastasia Prodromidou tabulated the selected indices
in structured forms. Any discrepancies in the methodology, retrieval of articles and statistical analysis
were resolved by the consensus of all authors.

Literature search and data collection
We used the Medline (1966-2016), Scopus
(2004-2016), ClinicalTrials.gov (2008-2016) and
Cochrane Central Register of Controlled Trials
CENTRAL (1999-2016) databases in our primary
search, along with the reference lists of electronically retrieved full text papers.
The date of last search was 20 July 2016. Our
search was restricted to a minimum number of
keywords in order to assess an eligible number
that could be hand searched, minimizing the potential loss of articles. All the articles that met
or were presumed to meet the inclusion criteria
were retrieved in full text. Search strategies and
results are shown in Figure 1.
Our search strategy included the words “sFlt-1,
PlGF, preeclampsia, Elecsys, KRYPTOR”.
Quality assessment
The diagnostic accuracy of the test was assessed
with QUADAS-2 which is a tool for the quality assessment of studies of diagnostic accuracy included in systematic reviews (Figure 1)23. The test
consists of four domains including evaluation of
patient selection, index test, reference standards
and flow and timing.
22

Statistical analysis
Statistical meta-analysis was performed using the
MetaDisc 1.4 software24. Confidence intervals were
set at 95%. Pooled odds ratios (OR) and 95% confidence interval (CI) for all primary and secondary
outcomes were calculated, using the DerSimonian-Laird random effect model due to the significant heterogeneity in the methodological characteristics of included studies25. Publication bias was
not tested due to the relatively small number of
studies included in the present meta-analysis26.

Results
Excluded studies
The overall search retrieved 672 articles. After removing duplicates 295 articles were assessed for
their eligibility. Thirty-one studies met the potential criteria for inclusion in the present meta-analysis. Twenty-seven studies were excluded from
the present meta-analysis after reading the full
text27-53. One of them investigated the effectiveness
of sFlt-1/PlGF in predicting adverse outcomes in
preeclampsia; however, the study did not include
a control group36. Another study compared the ratio among twin and singleton pregnancies and thus
did not investigate the outcomes assessed in the
present meta-analysis37. In another study sFlt-1/
PIGF ratio was only mentioned in the full text, rather than investigated38. In the remaining twenty four
studies the cut-off value was not set at 85 which
was the predefined cut-off point for the present
analysis27-35, 39-53.

VOLUME 16, ISSUE 1, JANUARY - MARCH 2017

www.hjog.org

sFlt-1/PlGF preeclampsia

Figure 2

Included studies
Five studies were identified which provided data
concerning the sFlt-1/PIGF ratio 85 for 850 control
pregnant women and 461 preeclamptic patients. In
the latter group 184 women were diagnosed with
early onset preeclampsia while 277 had late onset
preeclampsia.
When we compared patients diagnosed with
preeclampsia, both early and late onset, the sensitivity of sFlt-1/PlGF was 75.1% (95% confidence
interval (CI), 70.9-78.9%) (Figure 2) and the specificity 90.1% (95% CI, 87.8-92.0%) (Figure 3). Additionally, the average positive likelihood ratio was
5.889 (95% CI, 2.473-14.022) and the negative
likelihood ratio was 0.281 (95% CI, 0.167-0.473).
The diagnostic odds ratio was 25.702 (95% CI,
7.567-87.305) and the area under the SROC curve
0.9173 (Figure 4).
In the case of early onset preeclampsia (<34
weeks of gestation) the sensitivity of the test was
85.8% (95% confidence interval (CI), 80.7-90.0%)
and the specificity 97.0% (95% CI, 95.2-98.2%).
The positive likelihood ratio for early onset preeclampsia was 27.666 (95% CI, 8.692-88.063) and
the negative likelihood ratio was 0.182 (95% CI,
0.084-0.397). The diagnostic odds ratio was 273.38
(95% CI, 110.10-678.77) and the area under the
SROC curve 0.9818.
VOLUME 16, ISSUE 1, JANUARY - MARCH 2017

In the case of late onset preeclampsia (>34
weeks of gestation) the test was not as accurate.
Specifically, its sensitivity was 54.9% (95% confidence interval (CI), 47.4-62.2%) with a specificity
of 76.7% (95% CI, 72.6-80.4%). Additionally, the
average positive likelihood ratio was 2.690 (95%
CI, 1.469-4,927) and the negative likelihood ratio
0.637 (95% CI, 0.457-0.889). The diagnostic odds
ratio was 4.885 (95% CI, 1.874 - 12.730) and the
area under the SROC curve 0.79.

Discussion
Preeclampsia results in severe maternal and perinatal morbidity and mortality. Its early form (<34
weeks of gestation) is the most severe. Various
models have been proposed for the detection of
the disease. One of the best is the one proposed by
Akolekar et al which suggests that the evaluation
of uterine artery PI, MAP, PAPP-A and PlGF has a
detection rate for early preeclampsia (<34 weeks
of gestation) of 93.4 when implementing 5% false
positive rates respectively54.
However, its detection rates drops to 61% for
pregnancies delivered <37 weeks. According to the
findings of our study the diagnostic cut-off value
of 85 of the serum sFlt/PlGF ratio reaches a 97%
specificity and 85.8% sensitivity for cases with early preeclampsia. However, it also fails to provide an
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Figure 3

advantage, compared to other screening strategies,
for the detection of late preeclampsia.
In their previous meta-analysis Liu et al found
comparable results to those of our meta-analysis,
despite the fact that they did not opt for a specific cut-off value during the study inclusion phase21.
Specifically, they observed that the overall diagnostic sensitivity and specificity were 78% and 84%.
This was, however, increased, in the case of early
onset preeclampsia (94% in both cases).
Strengths and weaknesses of our study
Our study is based on meticulous review of the literature and introduces in the statistical analysis,
studies with a predetermined cut-off, therefore,
limiting the possibility of bias.
However, the clinical significance of our findings
is limited by the fact that the test was performed
at different weeks of gestation including the first,
second and early third trimester of gestation.
Therefore, its actual value as a screening tool
remains debatable, as its accuracy in the first trimester of pregnancy remains unknown. This limits, of course, its significance, because preventive
measures for the occurrence of preeclampsia are
limited at the time, since impaired placentation has
already taken place.
24

Figure 4

Implications for current clinical practice
and future research
To date the use of sFlt-1/PlGF ratio as a screening
tool for the detection of preeclampsia does not seem
to be justified. Although its sensitivity and specificity for the detection of early onset preeclampsia
seem to be high, its clinical importance seems to be
significantly influenced by the fact that the specific
cut-off has never been tested as a screening marker
from the first trimester of pregnancy. In this context, we strongly believe that future studies should
VOLUME 16, ISSUE 1, JANUARY - MARCH 2017
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focus on its actual significance early in pregnancy.
Should it prove to be adequately efficacious, early
intervention with heparin and/or LMWH inside
randomized clinical trials should be undertaken to
observe their clinical importance among women
with increased levels of sFLT-1/PlGF.

Conclusion
According to the findings of our meta-analysis, the
diagnostic cut-off 85 of sFlt-1/PlGF ratio is of mild
clinical importance, mainly due to the fact that
studies in the field did not limit its application on
the first trimester of pregnancy. However, given its
high sensitivity and specificity, at least in the case
of early onset preeclampsia, it seems to be promising as a tool. Future studies during the first weeks
of pregnancy are needed to assess its efficacy before impaired placentation takes place.
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