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Background and objective: Angiogenic factors such as soluble fms-like tyrosine kinase 1 (sFlt-

1) and placental growth factor (PlGF) play a key role in the pathogenesis of preeclampsia.

Uterine artery (UA) blood flow is important for preeclamptic pregnancy outcome, but small

amount of evidence suggests UA dopplerometry for preeclampsia diagnostics and manage-

ment. The aim of our study was to compare the value of angiogenic factors and UA

dopplerometry in preeclampsia diagnosis and determine cut-off values to obtain the highest

sensitivity and specificity of the parameter.

Materials and methods: We performed a case controlled study of 72 pregnant women with

preeclampsia and 72 healthy matched controls. SFlt-1 and PlGF were measured in serum

samples, the sFlt-1/PlGF ratio was calculated and UA pulsatility (PI) and resistance (RI)

indexes were registered.

Results: Significantly higher levels of sFlt-1, sFlt-1/PlGF ratio and mean UAPI and UARI and

lower levels of PlGF were found in preeclampsia group when compared to controls. The

highest sensitivity and specificity for preeclampsia had SFlt-1/PlGF and PlGF with the cut-off

values of ≥35 (sensitivity of 95.8% and specificity of 96.2%, respectively) and ≤138.6 pg/mL

(sensitivity of 95.8% and specificity of 93.7%, respectively). For diagnostics of early-onset

preeclampsia, all factors sFlt-1, PlGF and sFlt-1/PlGF had equal significance with the cut-off

values of ≥7572 pg/mL (specificity of 97.5%, sensitivity 92.3%), ≤100.5 pg/mL (specificity

96.2%, sensitivity of 100%) and ≥54.6 (specificity 97.5%, sensitivity 97.5%) respectively.

Conclusions: The sFlt-1/PlGF ratio and PlGF are superior to sFlt-1, UAPI and UARI for pre-

eclampsia diagnosis. For early-onset preeclampsia diagnostics either sFlt-1 or PlGF is

sufficient.
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1. Introduction

Preeclampsia is pregnancy-induced disease that is associated
with maternal and perinatal morbidity and mortality. Accord-
ing to the literature reports, it occurs in 2%–8% of all
pregnancies [1]. In clinical practice, preeclampsia is diagnosed
when after the 20th gestational week, hypertension (systolic
blood pressure 140 mmHg or more and diastolic blood
pressure 90 mmHg or more, when measured twice in a period
of not less than 6 h) and proteinuria (more than 300 mg/L in a
24-h period) commence. In more severe cases headache,
impaired vision, epigastric pain, thrombocytopenia, hemolysis
or abnormal liver and renal function can occur. But sometimes
preeclampsia can present with atypical manifestation. For
example, HELLP syndrome, which occurs in severe preeclamp-
sia, can present without proteinuria, and on the contrary,
proteinuria can be associated with diabetes mellitus, kidney
disease and systemic connective tissue diseases even if
hypertension is present. Thus more precise methods for
diagnosing preeclampsia would be of a great value.

It is known that before clinical onset of preeclampsia
trophoblastic invasion is impaired and placental perfusion is
disturbed [2,3]. The impaired placental blood flow can be
confirmed by uterine artery blood flow Doppler examination.

Recent studies suggest that before clinical manifestation of
preeclampsia, placenta releases soluble angiogenic factors,
which play the crucial role in endothelial dysfunction and
development of preeclampsia related symptoms [4]. One of
those factors is soluble fms-like tyrosine kinase-1 (sFlt-1). It
binds vascular endothelial growth factor A (VEGF-A) and
placental growth factor (PlGF) which are the main angiogenic
factors, responsible for placental vascular development and
maternal endothelial function, and in this way prevents their
interaction with endogenous receptors in the vessels [5].
Because of that circulating PlGF levels are decreased. sFlt-1
levels are elevated [6]. According to the literature, the ratio of
these two factors is more accurate for diagnosing and
prediction of preeclampsia than any of these factors alone
[1,7–9]. However, the cut-off values of these angiogenic factors
for diagnosing preeclampsia are still unclear. The accuracy
and precision of angiogenic factor levels in the blood of
preeclamptic women compared to Doppler flow of uterine
arteries have not been established yet.

The aim of our study is to investigate and compare the
value of angiogenic factors and uterine artery dopplerometry
in diagnosing preeclampsia and determine cut-off values to
reach highest sensitivity and specificity.

2. Materials and methods

A case-control clinical study was performed in the tertiary care
center of the Hospital of Lithuanian University of Health
Sciences Kauno Klinikos. We included 144 pregnant women at
26–40 weeks of gestation, who gave a written informed
consent during the period of October 2010–June 2011. Approval
by the local ethics committee was obtained.

The study group consisted of 72 women who were
consecutively admitted to Kaunas Perinatal Centre because
of preeclampsia diagnosis. Women who had other pregnancy
disorders or adjacent diseases and who came after the rupture
of the amniotic membranes or delivering were excluded from
the study. A total of 72 healthy pregnant women matched for
age, body mass index (BMI), and gestational age comprised the
control group.

Preeclampsia was diagnosed on the basis of a new onset of
hypertension and proteinuria after 20 weeks of gestation [10].
Hypertension was defined as systolic blood pressure
≥140 mmHg or diastolic blood pressure ≥90 mmHg measured
twice, not less than 6 h apart. Proteinuria was defined as
excretion of ≥300 mg of protein in 24-h urine collection.

Early preeclampsia was classified when occurred before 34
weeks of gestation and late, at 34 weeks of gestation and later
on [11].

Maternal blood in preeclampsia group was collected on the
day the diagnosis was confirmed and in matched control group,
during their visit to outpatient department by venipuncture in
tubes without anticoagulant. After clotting, the samples were
centrifuged and serum was pipetted and stored at �40 8C until
testing. The sFlt-1 and PlGF concentrations of each sample were
tested in parallel on the fully automated Roche Elecsys system.
For each sample, the sFlt-1/PlGF ratio was calculated.

Uterine artery Doppler sonography was performed on the
same day the blood samples were collected. Toshiba Applio
ultrasound machine was used for all Doppler measurements.
Uterine artery waveforms were obtained with an abdominal
probe, 1 cm from the uterine artery optical crossover with
external iliac artery on both sides. Uterine artery pulsatility (PI)
and resistance (RI) indexes were measured on both sides and
mean uterine artery PI and RI calculated. Clinicians were
blinded for angiogenic test results.

Statistical analysis was performed with SPSS 17.0 for
Windows. As the distribution of angiogenic factors and uterine
artery resistance indexes was abnormal, we used non
parametric criteria for describing and comparing the groups.
We calculated median values with interquartile ranges of sFlt-
1, PlGF, sFlt-1/PlGF ratio, mean uterine artery PI and RI in
preeclampsia and control groups. For comparison of numeri-
cal variables between two independent groups, nonparametric
Mann–Whitney criterion was used. Categorical variables were
expressed using frequency measures; comparison between
groups was made with the help of chi-square (x2) test. For
determination of specificity and sensitivity of sFlt-1, PlGF, sFlt-
1/PlGF ratio, uterine artery PI and RI receiver operating curve
analysis was performed. Differences were considered to be
significant when P < 0.05.

3. Results

The general characteristics of the included participants are
demonstrated in Table 1. We found no differences in the
maternal age, BMI and gestational age between women who
had preeclampsia and controls. However, there were more
primiparous women in preeclampsia group. Thus separate
comparison analysis of angiogenic factor values between
groups was performed for primiparous women only, but results
did not differ significantly from the comparison of the whole
group.



Table 2 – sFlt-1 and PlGF levels, their ratio and uterine artery PI and RI in the preeclampsia and control groups.

Factor Preeclampsia group (N = 72) Control group (N = 72) P

sFlt-1, pg/mL 9581 (6906–15,738) 1731.5 (981.9–3086.7) <0.0001
PlG, pg/mL 62.6 (40.4–92.7) 346.4 (204.9–546.0) <0.0001
sFlt-1/PlGF 158 (74.7–330) 3.96 (2.4–12.1) <0.0001
Uterine artery PI 1.14 (0.9–1.4) 0.76 (0.6–0.9) <0.0001
Uterine artery RI 0.58 (0.52–0.72) 0.49 (0.42–0.53) <0.0001

Values are presented as median with interquartile range.

Table 1 – Characteristics of the study population.

Factor Preeclampsia group (N = 72) Control group (N = 72) P

Age, years 29.6 (25.2–34) 30 (26–36.7) 0.06
BMI, kg/m2 25 (21.8–32.2) 26.2 (22.6–32.8) 0.21
Gestational age, weeks 34 (30–38) 34 (30–38) 0.55
Primiparas, n (%) 44 (61.1) 29 (36.3) 0.003
Systolic blood pressure, mmHga 160 (160–180) 130 (120–144.5) <0.0001
Diastolic blood pressure, mmHga 110 (100–110) 80 (70–90) <0.0001

Values are presented as median (interquartile range) unless otherwise indicated.
a Systolic and diastolic blood pressure on investigation day.
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In preeclampsia group women had higher systolic and
diastolic blood pressure and median proteinuria of 2 g (1.6–3.1).

Comparing sFlt-1, sFlt-1/PlGF ratio, mean uterine artery PI
and RI between preeclampsia and control groups, significantly
higher values were found in preeclampsia group (Table 2). PlGF
values were significantly lower respectively.

Uterine artery end diastolic notches in the preeclampsia
group were registered in 61% of the women (n = 44): unilateral
in 28.8% (n = 20) and bilateral in 33.3% (n = 24). They were
registered in 12.5% of the control women (n = 10): unilateral in
8.8% (n = 7) and bilateral in 3.7% (n = 3) (P < 0.001).

The results from receiver operating curve analysis deter-
mining the cut-offs with the highest sensitivity and specificity
for preeclampsia are presented in Figs. 1 and 2. Areas under the
Fig. 1 – ROC curves of sFlt-1, sFlt-1/PlGF and mean uterine
artery PI and RI for diagnosing preeclampsia.

Fig. 2 – ROC curve of PlGF (pg/mL) for preeclampsia
diagnostics.
curve for sFlt-1, PlGF, sFlt-1/PlGF, uterine artery PI and RI were
0.954, 0.977, 0.983, 0.779, and 0.764, respectively. ROC curve
comparison analysis showed significantly greater specificity
and sensitivity of sFlt-1/PlGF and PlGF over sFlt-1, mean
uterine artery PI and RI for preeclampsia diagnostics. There
was no significant difference in specificity and sensitivity
between sFlt-1/PlGF and PlGF (P = 0.8). The cut-off values of
sFlt-1, PlGF, sFlt-1/PlGF, uterine artery PI and RI for preeclamp-
sia diagnostics are presented in Table 3.

Separate analysis for early-onset preeclampsia diagnosis
showed that areas under the curve for sFlt-1, PlGF, sFlt-1/PlGF,
uterine artery PI and RI were respectively 0.981, 0.998, 0.997,



Table 3 – Sensitivity and specificity of PlGF, sFlt-1, sFlt-1/
PlGF and mean uterine artery PI and RI for diagnosing
preeclampsia.

Factor Sensitivity, % Specificity, %

sFlt-1 > 6326 pg/mL 84.7 65.8
PlGF ≤ 138.6 pg/mL 95.8 93.7
sFlt-1/PlGF > 34.93 95.8 96.2
Mean uterine artery PI > 0.89 79.2 71.2
Mean uterine artery RI > 0.55 65.3 83.7

Table 4 – Sensitivity and specificity of PlGF, sFlt-1, sFlt-1/
PlGF and mean uterine artery PI and RI for diagnosing
early-onset preeclampsia.

Factor Sensitivity, % Specificity, %

sFlt-1 > 7572 pg/mL 92.3 97.5
PlGF ≤ 100.5 pg/mL 100 96.2
sFlt-1/PlGF > 54.63 97.5 97.5
Mean uterine artery PI > 1.095 85 84.6
Mean uterine artery RI > 0.54 96.2 80
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0.888, and 0.907 (Figs. 3 and 4). Comparison of ROC curves
showed that there was no significant difference in sFlt-1, PlGF
and sFlt-1/PlGF ratio areas under the ROC curves for early-
onset preeclampsia diagnostics. The cut-off values for
diagnosing early-onset preeclampsia are presented in Table 4.
Fig. 3 – ROC curves of sFlt-1, sFlt-1/PlGF and mean uterine
artery PI and RI for diagnosing early-onset preeclampsia.

Fig. 4 – ROC curve of PlGF for early-onset preeclampsia
diagnostics.
4. Discussion

Clinical presentation of preeclampsia can differ enormously. A
clinician's goal is to make a correct diagnosis in the shortest
period of time. The aim of this study was to find, which
method: uterine artery dopplerometry or angiogenic factor
measurement is superior in diagnosing preeclampsia and
which cut-off should be used.

Our study showed that ultrasound examination alone has
lower value in diagnosing early-onset preeclampsia as well as
any preeclampsia if compared to angiogenic factors. The
findings are compatible with those, found in the literature
[12,13]. According to Ghi et al., Meler et al. and Simanavičiūtė,
uterine artery dopplerometry can be more helpful for predic-
tion of adverse neonatal and maternal outcomes in patients
with preeclampsia but not for determining diagnosis [14–16].

Similarly as in other scientist studies we found significantly
higher sFlt-1 and lower PlGF levels in the blood of preeclamptic
women as compared to healthy controls [7,17–19]. The SFlt-1/
PlGF ratio had the highest sensitivity and specificity (95.8% and
96.2%) for diagnosing preeclampsia with a cut-off value of 35. It
is known that an increase in the sFlt-1/PlGF ratio is associated
with the severity of the disease and the values differ in cases of
early and late preeclampsia. But our goal was to find a cut-off
point that is irrespective of gestational age and severity of the
disease. The one above which preeclampsia diagnosis should
be considered and confirmed or ruled out by other tests.

The limitation of our study is a quite small group of
preeclamptic patients. Some authors also presented similar
results regarding the sensitivity and specificity of sFlt-1/PlGF
ratio [7–9], but their reported cut-off values were different from
our findings. Verlohren et al. and Gomez-Arriaga et al. reported
that the sFlt-1/PlGF ratio of 85 sufficiently discriminated
women who have preeclampsia from healthy controls [7,12].
Rolfo et al. compared the sFlt-1/PlGF ratio in women who had
preeclampsia and women who had renal diseases with
proteinuria and concluded that preeclampsia can be diag-
nosed when the sFlt-1/PlGF ratio is above 148.75 [8]. The
difference of the cut-offs can also be explained by different
severity of the disease in the included population. Moreover,
we did not have intrauterine growth restricted fetuses without
preeclampsia in our control group–in such cases angiogenic
factors differ from factors in normal pregnancy and the cut-off
value for preeclampsia could be found higher [12].

Our results showed that PlGF alone with the cut-off value of
less than 138 pg/mL had a specificity of 93.7% and a sensitivity
of 95.8% for diagnosing preeclampsia. No significant difference
between ROC curves of sFlt-1/PlGF and PlGF were found. Thus,
according to our results, PlGF alone might have similar value
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for diagnosing preeclampsia. This is of importance in terms of
reducing costs.

For early preeclampsia diagnostics all angiogenic factors
were recognized equally significant with greater sensitivity
and specificity as compared to the whole group. The cut-off
values of sFlt-1/PlGF >54.6 pg/mL, sFlt-1 >7572 pg/mL and PlGF
of <100.5 pg/mL were found to diagnose early-onset pre-
eclampsia. According to our material in early-onset pre-
eclampsia the evaluation of one of angiogenic factors is
sufficient to diagnose the disease. This is in concordance with
Gómez-Arriaga et al., who reported that testing either sFlt-1 or
PlGF for early preeclampsia diagnostics is enough [12]. This can
be explained by the fact that in the pathogenesis of early-onset
preeclampsia defective placentation, abundant secretion of
soluble angiogenic factors and endothelial dysfunction is
crucial; however, in late-onset preeclampsia the pathogenetic
mechanism differs.

According to our results implementation of PlGF or sFlt-1/
PlGF ratio investigation into clinical practice for preeclamp-
sia diagnosis is most valuable, when decision of admitting to
the hospital and transportation of premature fetus to
perinatal center has to be made. Especially great importance
of angiogenic factors could be in cases of atypical pre-
eclampsia. But still further studies with bigger sample size
are necessary.

5. Conclusions

We conclude that the sFlt-1/PlGF ratio and PlGF alone are
superior to uterine artery PI and RI for establishing preeclamp-
sia diagnosis. The diagnosis of preeclampsia must be ruled
out, when the cut-off value of sFlt-1/PlGF ratio is ≥35 or PlGF
value is equal to or less than 138 pg/mL. In cases of early-onset
preeclampsia, the cut-off values of sFlt-1 was >7572 pg/mL;
PlGF, <100.5 pg/mL; and sFlt-1/PlGF ratio, >54.6 pg/mL. The
analysis of only one angiogenic factor was sufficient to
estimate preeclampsia diagnosis on its early onset.
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