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a b s t r a c t

Soluble fms-like tyrosine kinase 1 (sFlt-1) is an anti-angiogenic factor released in higher
amounts by preeclamptic placentas and it has been implicated in the endothelial dysfunc-
tion observed in the disease. In this study we evaluated if circulating sFlt-1/PlGF ratio is
useful to predict adverse outcomes in women with early-onset preeclampsia. This is a
cohort study of 88 preeclamptic women with singleton pregnancies at 635 weeks of ges-
tation. According to definitions used, adverse outcomes occurred in 46.5% (N = 43) of the
patients. The median sFlt1/PlGF ratio (25th–75th centile) for all patients evaluated was
of 42.26 (13.1–226.1). The median sFlt-1/PlGF ratio among women who had any adverse
outcome (N = 43) versus no adverse outcomes (N = 45) was of 227.6 (80.3–346.1) versus
14.4 (3.35–30.0), (P < 0.0001). According to our analyses a sFlt-1/PlGF ratio cut-point of
P85 gave a sensitivity of 74.0% and specificity of 97.0%. The positive predictive value
and the negative predictive value were 96.0% and 80.0%, respectively. The median sFlt-1/
PlGF ratio (25th–75th centile) for patients who delivered within <7 days was 260.0
(127.7–404.7) as compared to 14.4 (3.35–34.97) for those patients who delivered within
two weeks or more (P < 0.0001). Our results suggest that sFlt-1/PlGF ratio is a promising
marker for adverse outcomes in women with early-onset preeclampsia.

� 2013 International Society for the Study of Hypertension in Pregnancy. Published by
Elsevier B.V. All rights reserved.

Introduction

Preeclampsia occurs in about 5% of all pregnancies and
it constitutes a major cause of maternal and fetal morbid-
ity and mortality [1]. The pathogenesis of preeclampsia has
its roots on deficient trophoblast invasion and on failure of
spiral artery remodeling. This incomplete transformation
of the spiral arteries leads to inadequate placental perfu-
sion and consequently to placental oxidative stress [2].

The altered placenta then releases a great amount of
microparticles, debris and anti-angiogenic factors into the
maternal circulation [3,4].

Soluble fms-like tyrosine kinase 1 (sFlt-1) is an anti-
angiogenic factor released in higher amounts by pre-
eclamptic placentas and it has been implicated in the
endothelial dysfunction observed in the disease. sFlt-1 acts
as a soluble receptor for VEGF and PlGF, intercepting these
angiogenic proteins before their binding to normal recep-
tors at the cell membranes. The result of this process is a
break of systemic endothelial homeostasis [5,6].

Current criteria for the diagnosis of preeclampsia in-
volve blood pressure P140/90 mmHg evaluated on two
occasions 2 h apart after 20 weeks of gestation and
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proteinuria of P300 mg/24 h [7]. However, growing evi-
dence has supported the use of anti-angiogenic and angio-
genic proteins in the diagnosis and prediction of
preeclampsia. Initial publications suggested that an imbal-
ance between angiogenic and anti-angiogenic factors oc-
curs about 4–5 weeks before clinical manifestations of
preeclampsia [8,9]. In addition, a prospective work devel-
oped by Sunderji et al. demonstrated that sVEGFR1/PlGF
ratio is superior to aid in the diagnosis of preeclampsia in-
stead of any of these analytes alone, with 3% of false posi-
tive rate [10]. Recently, Rana et al. demonstrated that
circulating sFlt-1/PlGF ratio is also useful to predict ad-
verse outcomes in women with suspected preeclampsia if
presented at <34 weeks. The accuracy of this test was sub-
stantially better than other measured parameters such as
proteinuria, ALT and platelet count [11].

In this work we evaluated the sFlt-1/PlGF ratio as a
prognostic marker of adverse outcomes in pregnant wo-
men with a standard diagnosis of preeclampsia at
35 weeks of gestation or less.

Methods

Study design

This is a cohort study of 88 women with singleton preg-
nancies who were present at The Obstetrics Department of
the School Maternity Vila Nova Cachoeirinha, São Paulo,
Brazil from March 2011 through March 2012. These pa-
tients were either referred from first-care units because
of increased blood pressure or self-presented with signs
or symptoms of preeclampsia (headache, edema). All pa-
tients included in this cohort study were at 35 gestational
weeks or less at the time of the first evaluation and were
admitted to the hospital with the diagnosis of preeclamp-
sia or superimposed preeclampsia. Preeclampsia was de-
fined as a blood pressure P140/90 mmHg evaluated on
two occasions 2 h apart after 20 weeks of gestation and
proteinuria of P300 mg/24 h [7]. Superimposed pre-
eclampsia was defined as the appearance of proteinuria
in patients with known chronic hypertension or with blood
pressure P140/90 mmHg diagnosed before 20 gestational
weeks.

To evaluate the utility of sFlt-1/PlGF as a prognostic
marker for adverse outcomes in preeclampsia, blood sam-
ples were collected just after the patient’s admission and
sera were stored at �80 �C until required for analysis. All
patients were followed according to the institutional pro-
tocol until delivery and adverse outcomes were adjudi-
cated by two or more staffs without assay results. The
study was approved by the ethics committee of our institu-
tion and all patients provided informed consent.

sFlt-1 and PlGF assays

Serum concentrations of sFlt-1 and PlGF were measured
by automated electrochemiluminescence immunoassay
according to manufacturer’s instructions (Roche Diagnos-
tics, IN). Samples were analyzed in duplicate as a joint
group analysis after all deliveries.

Diagnoses and outcomes

Adverse outcomes were defined as the necessity of pro-
ceeding to delivery because of any of the following condi-
tions: uncontrolled hypertension after the use of two
antihypertensive drugs (methyldopa plus nifedipine or
pindolol), clinical signs of severe preeclampsia (headache,
flashes and/or abdominal pain), abruption (clinical and/or
pathological), seizure (in a woman without underlying sei-
zure disorder), altered laboratory parameters as alanine
aminotransferase (ALT) (>70 U/L), Platelet count
<100 � 109/L/uL, acute renal failure (creatinine
>106.08 lmol/L) and/or alteration on fetal wellbeing sur-
veillance defined as abnormal umbilical artery Doppler
(absent or reverse flow). Fetal growth restriction was de-
fined as a fetus at or below the tenth percentile in weight
for its gestational age.

Statistical analyses

The statistical analyses were performed using Prism
software (version 4.02, GraphPad Software Inc., San Diego,
CA) and PASW statistic software (version 18.0). Differences
between measured parameters were evaluated using the
Mann–Whitney U test. The Wilcoxon rank sum test and
the Chi-squared test were used when appropriate in the
analyses of maternal and neonatal characteristics.

Receiver operating characteristic (ROC) analysis was
used to determine the predictive value of each measured
parameter to identify women at risk for adverse outcomes:
sFlt-1/PlGF ratio, proteinuria, platelet count, ALT and creat-
inine. Sensitivity, specificity, positive and negative predic-
tive values for the sFlt-1/PlGF ratio cut-point of P85 were
calculated.

The Pearson product correlation was used to assess the
relationship between sFlt-1/PlGF ratios and time elapsed
between presentation to hospital and delivery. Differences
were considered statistically significant at P < 0.05.

Results

Subject characteristics and clinical outcomes

Eighty-eight patients were enrolled in this study.
According to previous definitions, adverse outcomes oc-
curred in 46.5% (N = 43) of the patients. Table 1 shows
the characteristics of all patients, measured parameters
at the time of hospital presentation and adverse outcomes.

sFlt-1/PlGF ratios as predictive markers

The median sFlt-1/PlGF ratio (25th–75th centile) for all
patients evaluated was of 42.26 (13.1–226.1). The median
sFlt-1/PlGF ratio among women who had any adverse out-
come (N = 43) versus no adverse outcomes (N = 45) was of
227.6 (80.3–346.1) versus 14.4 (3.35–30.0), (P < 0.0001).

The ROC analysis for each laboratory parameter evalu-
ated at the time of hospital presentation is shown in Ta-
ble 2. Fig. 1 depicts ROC curves for prediction of adverse
outcomes using the sFlt-1/PlGF ratio, 24 h proteinuria,
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ALT and creatinine. The results suggest that sFlt-1/PlGF ra-
tio had superior performance to other parameters mea-
sured at the time of hospital presentation. According to
our analyses a sFlt-1/PlGF ratio cut-point of P85 gave a
sensitivity of 74.0% and specificity of 97.0%. The positive
predictive value and the negative predictive value were
96.0% and 80.0%, respectively.

The sFlt-1/PlGF ratio was inversely correlated with the
time elapsed between presentation and delivery

Table 1
Subject characteristics, measured parameters and clinical outcomes.

Variable Adverse outcomes (N = 43) No adverse outcomes (N = 45) P value
Median (25th–75th centile) or N�% or Mean Median (25th–75th centile) or N�% or Mean

Age (years) 25.7 26.8 0.265
Nulliparous 31 (72.0%) 21 (46.6%) 0.0018
Gestational age at presentation 35 (33–35) 35 (34–35) 0.098
Race White/Caucasian Black/African

American
32 (74.4%) 11 (25.6%) 27 (60.0%) 18 (40.0%)

Chronic hypertension 5 (11.6%) 11 (24.4%) 0.031
Preexisting diabetes 0 2 (2.2%) N/A
Proteinuria 4.5 (2.1–7.2) 0.45 (0.37–0.70) <0.0001
Systolic blood pressure, mmHg 147 (9.39) 143.6 (5.29) 0.034
Diastolic blood pressure. mmHg 94.4 (7.17) 91.67 (4.88) 0.014
ALT (U/L) 39 (29–72) 24 (22–29) <0.0001
Creatinine (lmol/L) 70.72 (70.72–79.56) (61.88–70.72) 0.0004
Platelet count (�109/L) 154 (127–175) 190 (180–210) <0.0001
Abnormal umbilical artery Doppler 25 (28.4%) 0
Gestational age at delivery 34 (33–35) 37 (36.4–37) <0.0001
Preterm delivery 41 (95.3%) 0 N/A
Birthweight (g) 1720 (1380–1920) 2800 (2625–3015) <0.0001
Fetal growth restriction (<10th centile) 33 (76.7) 4 (8.8%) <0.0001
Cesarean section 38 (88.3%) 27 (60%) <0.0001

Table 2
ROC analysis for each measured parameter.

Variable AUC Std error 95% CI

sFlt1/PlGF 0.954 0.019 0.917–0.991
24 h Proteinuria 0.926 0.032 0.865–0.988
ALT 0.843 0.046 0.753–0.825
Platelets 0.811 0.048 0.717–0.905
Creatinine 0.719 0.054 0.613–0.825

Fig. 1. ROC curves for prediction of adverse outcomes using the sFlt1/PlGF ratio, proteinuria, ALT and creatinine.
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(r = �0.65, P < 0.0001). Fig. 2 depicts elapsed time between
hospital admission and delivery according to sFlt-1/PlGF
ratios measured in sera collected at the time of presenta-
tion to hospital. The median sFlt-1/PlGF ratio (25th–75th
centile) for patients who delivered within <7 days was
260.0 (127.7–404.7) as compared to 14.4 (3.35–34.97) for
those patients who delivered within 2 weeks or more
(P < 0.0001). The median sFlt-1/PlGF ratio for patients
who delivered between 1–2 weeks was 38.2 (24.64–125.3).

Discussion

To find specific parameters to stratify patients accord-
ing to the severity of preeclampsia has been a challenge
all over the world. Apart from those patients who present
to hospital with clinical signs of severe preeclampsia
and/or imminent eclampsia (headache, abdominal pain,
uncontrolled blood pressure), it is very difficult to correctly
evaluate the severity of the disease at first investigation.
Therefore, most cases require hospital admissions for more
than 48 h and a full panel of laboratory parameters is
needed to help doctors take any decision. However, it is
not clear if this current approach really brings crucial infor-
mation to deal with preeclamptic patients [13]. In addition,
the stratification based on current laboratory parameters
provides limited information and only classifies patients
as mild or severe preeclampsia. Although clinicians may
have an idea that patients stratified as severe preeclampsia
are at higher risk than those with mild preeclampsia, wo-
men and fetuses involved in the diagnosis of mild pre-
eclampsia are not completely free of complications [12,14].

In our work, a ROC analysis demonstrated that the sFlt-
1/PlGF ratio was useful to identify patients at risk of having
adverse outcomes with better performance than other
commonly used parameters. An inverse correlation be-
tween sFlt-1/PlGF ratio and remaining duration of preg-
nancy was also identified. These results are in agreement
with other publications addressing this issue [11]. Re-
cently, Verlohen et al. also evaluated the potential role of

sFlt-1/PlGF ratio as a prognostic marker for women with
preeclampsia and additionally demonstrated its function
as a reliable tool to discriminate between different types
of pregnancy-related hypertensive disorders [15].

All current information about the participation of
angiogenic and anti-angiogenic factors in the diagnosis
and prognosis of preeclampsia highlights the importance
of these proteins in the pathogenesis of the disease and
encourages new researches on the development of new
strategies for the treatment of preeclampsia.

Conclusion

The use of reliable markers to correctly classify women
with preeclampsia in terms of severity of the disease could
contribute to make the management of preeclampsia more
uniform among clinicians and reduce unnecessary admis-
sions to hospitals. The use of such markers could also con-
tribute to the reduction of iatrogenic preterm deliveries
related to preeclampsia. Recently, sFlt-1 and PlGF have
been presented as promising markers with this purpose.
Therefore, the potential role of these proteins for risk strat-
ification in preeclampsia should be tested by clinicians in
multi-centric projects to determine the impact of clinical
decisions based on the sFlt-1/PlGF ratio on maternal and
perinatal outcomes.
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