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ABSTRACT

This study was designed to explore the expression and the diagnostic value of vascular endo-
thelial growth factor (VEGF) and soluble fms-like tyrosine kinase-1 (sFlt-1) in pernicious placenta
previa (PPP) combined placental accreta/increta. A total of 140 PPP patients were enrolled and
divided into two groups: 56 patients with placenta accreta/increta (PA group), and 84 patients
without placenta accreta/increta (non-PA group). In the same period, 46 pregnant women with-
out PPP who had undergone caesarean section were selected as controls. The levels of VEGF
and sFlt-1 in serum were detected by enzyme-linked immunosorbent assay. Diagnostic efficiency
of VEGF and sFlt-1 in serum were evaluated by receiver operating characteristics curve. It was
found that both VEGF and sFlt-1 had diagnostic value for PPP and placenta accreta/increta com-
bined PPP. In addition, the levels of VEGF and sFlt-1 could be used to distinguish placenta
accreta from placenta increta. VEGF was negatively correlated with sFlt-1 in PPP patients. In
summary, the levels of VEGF and sFlt-1 could be used as auxiliary indicators to diagnose PPP
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and distinguish between placenta accreta and increta.

KEY POINTS

e The levels of VEGF and sFlt-1 could be used to distinguish placenta accreta from pla-

centa increta.
o VEGF is negatively correlated with sFlt-1 in PPP patients.

e The levels of VEGF and sFIt-1 could be used as auxiliary indicators to diagnose PPP and dis-

tinguish between placenta accreta and increta.

Introduction

Pernicious placenta previa (PPP) was first reported by
Chattopadhyay and defined as: undergo caesarean
section during the last delivery, and this pregnancy
was placenta previa [1]. In recent years, with the relax-
ation of the two-child policy and the sharp increase in
the second caesarean section rate, the incidence of
PPP has also risen accordingly [2]. At present, more
scholars suggest that PPP should be defined as a pre-
vious history of caesarean section, the placenta
attached to the site of the atomic palace incision dur-
ing this pregnancy [3]. PPP combined with placenta
accreta is an important factor that causes severe
obstetric diseases such as postpartum haemorrhage,
shock, and hysterectomy [4].

The abnormal placental implantation caused by
dysplasia or absence of the basal decidua results in
placental villi to invade or penetrate the myometrium
and invade adjacent organs and tissues [5]. If the

placental villi adhere to the myometrium or only
invade the superficial layer, it is called placenta accreta
[6]. If the placenta villi invade the deep myometrium
of the uterus, it is called placenta increta [6]. Placental
implantation is one of the main causes of postpartum
haemorrhage, which is a serious obstetric complication
[7]. In developing countries, nearly half of perinatal
deaths are caused by postpartum haemorrhage, which
is the leading cause of the four major maternal
deaths [8].

The placenta is one of the organs with the most
abundant blood vessels in the human body [9]. The
development of the placenta during the whole preg-
nancy is related to the regulation of multiple placental
vascular growth and differentiation [10]. These
changes occur simultaneously on the maternal and
placental surfaces, including the recasting of the uter-
ine spiral artery and vascularisation of the placenta
[11]. Various vascular growth factors are involved in
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the formation of placental blood vessels [12]. Among
them, vascular endothelial growth factor (VEGF) is the
mitogen with the highest specificity for endothelial
cells and the strongest angiogenic effect, which could
directly stimulate the movement proliferation and div-
ision of vascular endothelial cells, increase the perme-
ability of capillaries, and promote the formation of
new blood vessels in the body [13]. Soluble fms-like
tyrosine kinase-1 (sFlt-1) is a splice variant that
removes the transmembrane structure and cytoplasm
from the FIt-1 [14]. It could irreversibly bind to the
vascular endothelial growth factor in the placenta
such as VEGF and inhibit its biological activity [15].
Recent studies believe that abnormal blood vessel for-
mation leads to decidua dysplasia and excessive inva-
sion of the trophoblast, resulting in placenta
accreta [16].

This work divides patients with PPP into uncom-
bined and combined placenta accreta/increta. This
experiment intends to determine the concentration of
VEGF and sFlt-1 in the serum of pregnant women in
each group and the relationship with the degree of
disease, revealing the clinical significance and diagnos-
tic value of the two in PPP combined with placenta
accreta/increta.

Methods
Patient selection

We selected 140 pregnant women diagnosed with
PPP who underwent caesarean section in the obstetric
department from August 2017 to June 2020 in
our hospital.

Study design

According to intraoperative findings and postoperative
pathological examination results, 140 PPP patients
were divided into 56 patients with placenta accreta/
increta (including 35 cases with placenta accreta and
21 cases with placental increta, and 84 patients with-
out placenta accreta/increta. In the same period, 46
pregnant women without PPP who had undergone
caesarean section to terminate their pregnancy due to
abnormal foetal position, scarred uterus or social fac-
tors were selected as controls. Clinical data of all sub-
jects were collected.

Inclusion and exclusion criteria

The diagnosis of PPP refers to the diagnostic criteria
of the 8th edition of “Obstetrics and Gynaecology”.

The diagnostic criteria for combined placenta accreta/
increta were based on the criteria established by the
Obstetrics Group of the Obstetrics and Gynaecology
Branch of the Chinese Medical Association in 2013,
confirmed by ultrasound, magnetic resonance imaging
(MRI) examination, intraoperative conditions, and post-
operative pathology.

Inclusion criteria: All patients met the diagnostic cri-
teria; the pregnancy was terminated by caesarean sec-
tion; there was no labour or premature rupture of
membranes during caesarean section; the subjects
and their families had informed consent.

Exclusion criteria: pregnancy complications such as
hypertension, gestational diabetes, and preeclampsia;
twin pregnancy or multiple pregnancy; severe coagu-
lation dysfunction, liver and kidney dysfunction, mul-
tiple organ failure and other complications before
caesarean section; combined tumours, acute and
chronic infectious diseases, and immune system dis-
eases, etc.

Blood sampling and laboratory tests

The levels of VEGF and sFIt-1 in serum were detected
by enzyme-linked immunosorbent assay (ELISA).
Human VEGF and sFlt-1 ELISA kits were purchased
from Shanghai Bogoo Biotechnology (Shanghai,
China). Pregnant woman’s cubital venous blood was
collected tubes without anticoagulant. After com-
pletely coagulated, the blood was centrifuged at
2000 rpm/min at 4°C for 10min. The supernatant
(serum) was collected and stored in a 1.5mL EP tube
at —80°C.

ELISA was performed according to the manufac-
tures’ instructions. Briefly, the kit is first kept at room
temperature (20-25°C) for 30min. For each sample,
three replicate holes are set. 100 uL of the standard
solution was added, and distilled water was added to
each blank control well. 100 uL of each sample to be
tested was added to the remaining wells. Next, 50 pL
of the enzyme-labelled solution was added to each
well of the standard group and the sample group to
be tested (except the blank control well). After sealing
the ELISA plate with sealing paper, it was placed in a
humid box and incubated at 37°C for 1h. Then the
plate was washed by filling each well with the diluted
washing solution. After standing for 15-30s, the
enzyme label plate was fully washed 5 times, and
dried thoroughly with absorbent paper. 50 uL of solu-
tion A was added to each well, and then 50 pL of solu-
tion B was added to each well. The samples were
reacted at 25-37°C in the dark for 10-15min, then
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Table 1. Demographics and clinical characteristics of the patients with pernicious placenta previa (PPP) and healthy controls.

Study group

PPP (n=140)
Items Control (n = 46) Non-PA (n=84) PA (n=156) p
Age (years) 28 (21, 35) 29 (22, 34) 30 (23, 37) 165
Gestational weeks at delivery
<37 4 (8.7 %) 40 (47.6%) 35 (62.5%) <.001
>37 42 (91.3 %) 44 (52.4%) 21 (37.5%)
Parity
0 22 (47.8 %) 9 (10.7%) 5 (8.9%) <.001
1 17 (36.9 %) 39 (46.4%) 18 (32.2%)
>2 7 (153 %) 36 (42.9%) 33 (58.9%)
History of abortions
0 31 (67.4 %) 41 (48.8%) 19 (33.9%) 013
1 12 (26.1 %) 33 (39.3%) 25 (44.6%)
>2 3 (6.5 %) 10 (11.9%) 12 (21.5%)
History of caesarean delivery
0 35 (76.1 %) 30 (35.7%) 16 (28.6%) <.001
1 9 (19.6 %) 29 (34.5%) 14 (25.0%)
>2 2 (43 %) 25 (29.8%) 26 (46.4%)
Type of PPP
Total placenta praevia 23 (27.4%) 34 (60.7%) <.001
Partial placenta praevia 40 (47.6%) 14 (25.0%)
Marginal placenta praevia 21 (25.0%) 8 (14.3%)
Intraoperative haemorrhage (mL) 288 (134, 572) 664 (294, 1453) 1273 (487, 2518) <.001
Hospitalization (days) 4(3,7) 6 (4,9 9 (6, 15) .027

The data presented are median (min., max.) or n (%). The comparisons of data among the three group were done by Kruskal-Wallis test or Chi-square

test. PPP: pernicious placenta previa; PA: placenta accrete.

50 uL of termination solution was added. OD value of
each well was read at 450 nm wavelength. The reading
time was controlled within 30 min after the termin-
ation of the reaction.

Compliance with ethics guidelines

This study was approved by the Ethics Committee of
Cangzhou Central Hospital and is in accordance with
the Declaration of Helsinki, Ethical Principles for
Medical Research Involving Human Subjects. Written
consent was derived from each participant.

Statistical processing

Statistical analysis was performed by SPSS 19.0 soft-
ware and data were shown as mean+SD or median
(min to max) or n (percentage, %). Shapiro-Wilk test or
Kolmogorov-Smirnov test were used to test the nor-
mality of the continuous variables. The comparisons of
data in Table 1 among the three group was done by
Kruskal-Wallis test or Pearson’s Chi-squared test. The
comparison between two groups in the figures was
applied by the Unpaired t-test with Welch’s correction.
The diagnostic efficiency of VEGF and sFlt-1 s
expressed by sensitivity and specificity by using the
receiver operating characteristics curve (ROC), and the
reliability and best cut-off value are determined by
Youden index = sensitivity + specificity — 1. Pearson’s
correlation analysis was used to analyze the

correlation between serum VEGF and sFlt-1. Statistical
significance was accepted when p was less than .05.

Results
Baseline characteristics of subjects

A total of 140 PPP patients (PPP group) were collected
in our hospital and divided into two groups: 56
patients with placenta accreta/increta (PA group), and
84 patients without placenta accreta/increta (non-PA
group). In the same period, 46 pregnant women with-
out PPP who had undergone caesarean section were
selected as controls (Control group). There was no sig-
nificant difference in the age of pregnant women
among the three groups (p=.165). The difference in
gestational weeks at delivery, parity, history of abor-
tions, history of caesarean delivery, type of PPP
(including total placenta praevia, partial placenta prae-
via, marginal placenta praevia), and intraoperative
haemorrhage were statistically significant (p <.05,
Table 1].

Diagnostic efficiency of VEGF and sFit-1 in PPP

The levels of VEGF and sFIt-1 in serum were detected
by ELISA. Our results revealed that VEGF levels (Figure
1(A)] in serum were significantly decreased, whereas
sFIt-1 levels (Figure 1(B)] were elevated in PPP group
than in the control group. The diagnostic efficiency of
VEGF and sFlt-1 in serum was expressed by sensitivity
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Figure 1. Comparisons of serum VEGF and sFlt-1 between pernicious placenta previa (n = 140) and healthy controls (n =46) and
the diagnosis values of serum VEGF and sFlt-1 on pernicious placenta previa compared to healthy controls. ELISA was used to
analyze the serum concentrations of VEGF (A) and sFlt-1 (B). Data are presented as mean =+ SD or n (%). ***p < .001. ROC analysis

of serum concentrations of VEGF (C) and sFlt-1 (D).

and specificity, and the best cut-off value and reliabil-
ity of the method are analyzed using the receiver
operating characteristic (ROC) curve. When taking
125.6 ng/mL as the cut-off value of VEGF, the sensitiv-
ity and specificity of VEGF detection in serum were
92.14% and 91.30%, respectively; ROC curve analysis
revealed that the area under curve (AUC) was 0.9776
(0.9590 to 0.9963, p <.001) (Figure 1(C)l. The sensitiv-
ity and specificity of sFlt-1 detection in serum were
59.29% and 69.57%, respectively, the AUC was 0.6922
(0.6104 to 0.7741, p<.001) (cut-off at 1.558 ng/mL;
Figure 1(D)]. Our results suggest that both VEGF and
sFlt-1 have diagnostic values for PPP, while the sensi-
tivity, specificity, and authenticity of VEGF are better
than sFlt-1.

Diagnostic efficiency of VEGF and sFit-1 in
placenta accreta/increta combined PPP

All PPP patients were divided into two groups: 56
patients with placenta accreta/increta (PA group), and
84 patients without placenta accreta/increta (non-PA
group). Our results revealed that VEGF levels (Figure
2(A)] in serum were significantly decreased, whereas
sFlt-1 levels (Figure 2(B)] were elevated in the PA
group than in the non-PA group. When taking

87.37 ng/mL as the cut-off value of VEGF, the sensitiv-
ity and specificity of VEGF detection in serum were
62.50% and 58.33%, respectively; ROC curve analysis
revealed that the AUC was 0.6516 (0.5614-0.7418,
p =.002) (Figure 2(C)]. The sensitivity and specificity of
sFlt-1 detection in serum were 80.36% and 73.81%,
respectively, the AUC was 0.8469 (0.7780-0.9159,
p <.001) (cut-off at 1.715ng/mL; Figure 2(D)l. Our
results suggest that both VEGF and sFlt-1 have diag-
nostic value for placenta accreta/increta combined
PPP, while the sensitivity, specificity, and authenticity
of sFlt-1 are better than VEGF.

Diagnostic efficiency of VEGF and sFit-1 in
distinguishing placenta accreta and placenta
increta of PPP patients

Our results revealed that VEGF levels (Figure 3(A)] in
serum were significantly decreased, whereas sFlt-1 lev-
els (Figure 3(B)] were elevated in placenta increta
patients than in placenta accreta patients. When tak-
ing 90.22 ng/mL as the cut-off value of VEGF, the sen-
sitivity and specificity of VEGF detection in serum
were 90.48% and 51.43%, respectively; ROC curve ana-
lysis revealed that the AUC was 0.6898 (0.5478-0.8317,
p=.018) (Figure 3(C)]. The sensitivity and specificity of
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Figure 2. Comparisons of serum VEGF and sFlt-1 between PPP without placenta accreta/increta (non-PA, n=284) and PPP with
placenta accreta/increta (PA, n=>56) and the diagnosis values of serum VEGF and sFlt-1 on placenta accreta/increta in PPP
patients. ELISA was used to analyze the serum concentrations of VEGF (A) and sFlt-1 (B). Data are presented as mean+SD or n
(%). ***p < .001. ROC analysis of serum concentrations of VEGF (C) and sFlt-1 (D).
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sFlt-1 detection in serum were 80.95% and 88.57%,
respectively, the AUC was 0.8844 (0.7838-0.9849,
p <.001) (cut-off at 2.442ng/mL; Figure 3(D)l. Our
results suggest that both VEGF and sFlt-1 have diag-
nostic value for distinguishing placenta accreta and
placenta increta of PPP patients, while the sFlt-1 is
better than VEGF.

VEGF is negatively correlated with sFit-1 in
PPP patients

Previous studies have demonstrated that sFlt-1 could
irreversibly bind to VEGF and inhibit its biological
activity. Here we aimed to evaluate the correlation
between VEGF and sFlt-1 in serum of PPP patients.
Our results showed that VEGF was negatively corre-
lated with sFlt-1 in serum of PPP patients (Figure 4].

Discussion

In recent years, with the increase in the rate of caesar-
ean section, the incidence of PPP combined with pla-
centa accreta has gradually increased, resulting in
difficulty in placental dissection during delivery, caus-
ing refractory bleeding and high hysterectomy rates,
and seriously threatening the clinical outcome of
mothers and infants [17]. Caesarean section thins the
endometrium at the scar of the uterus, causing dam-
age to the endometrium and myometrium [18]. It pre-
vents the placenta from migrating upward during the
second and third trimesters during the next preg-
nancy, thereby increasing the risk of placenta previa
[19]. In addition, multiple pregnancy history, caesarean
section history, advanced age, and infertility treatment
history have also been reported as independent risk
factors for placenta previa [7]. Placenta previa is one
of the important risk factors for placental implantation

[20]. After caesarean section, the endometrium of the
uterine scar is thin, the decidua basalis is partially or
completely missing, and the chorionic tissue is easy to
invade the myometrium [21]. Due to placenta previa,
the lower part of the uterus or the cervix lacking a
normal endometrium, the mucosa could not complete
the decidualization change, resulting in decidual
defects, which easily leads to placental implantation
[22]. Studies have shown that the risk of PPP causing
placenta accreta is as high as 30% to 50% [23]. The
results of this study show that the incidence of PPP
complicated with placenta accreta/increta is 40% (56/
140), and gestational weeks at delivery, parity, history
of abortions, history of caesarean delivery, type of PPP
(including total placenta praevia, partial placenta prae-
via, marginal placenta praevia), and intraoperative
haemorrhage are closely related to the risk of PPP and
placenta accreta/increta, which is consistent with pre-
vious findings. However, when studying the general
clinical data of the experimental subjects, we found
that the age of the PPP and placenta accreta/increta
group was not significantly different from the respect-
ive control group. Therefore, this experiment shows
that advanced age may not be one of the high-risk
factors for PPP and placenta accreta/increta, which is
inconsistent with some previous studies.

Although various growth factors have the activity
of promoting angiogenesis, many experimental results
show that VEGF and angiopoietin play a vital role in
the formation of blood vessels [24]. A variety of mes-
enchymal cells could secrete growth factors, but the
receptors with tyrosine kinase activity mainly exist in
the endothelium [25]. In the early stages of vascular
development, VEGF binds to VEGFR-2 on vascular
endothelial cells to mediate the proliferation and
migration of endothelial cells, and then VEGF binds to
VEGFR-1 to cause capillary lumen formation [26]. In
the placenta, VEGF specifically binds to Flt-1 to induce
its phosphorylation to exert its biological activity and
plays an important role in the development and
expression of the villous mesenchyme and the basal
layer when the placenta grows [27]. The current con-
sensus is that the placenta is more suitable for growth
in blood vessel-rich areas such as the front and back
walls of the uterus [28]. VEGF could inhibit the differ-
entiation of cytotrophoblasts to syncytiotrophoblasts
and promote the expansion of cytotrophoblasts and
fixed trophoblasts, and stimulate the migration and
implantation of extravillous trophoblast [29]. In the
second and third trimesters, the presence of VEGF
maintains the health of vascular endothelium and
vasodilation, and at the same time promotes the



formation of blood vessels in the placenta to allow
the placenta to grow normally [30]. The pathogenesis
of placenta previa and placenta accreta is related to
the reduction of normal endothelial blood vessels
when the placenta grows [31]. During the dissection
of the placenta obtained after the placenta implant-
ation in pregnant women, it was found that the extra-
villous trophoblast cells invaded and penetrated the
endothelial blood vessels in the deep muscle layer of
the uterus [32]. It is now generally believed that the
remodelling of the uterine spiral artery associated with
trophoblasts found in the placenta implantation is
related to the excessive invasion of extravillous
trophoblast cells in the interstitium and endothelium,
and this abnormal invasion process is considered to
be due to the loss of the decidual layer during the
placenta implantation and the loss of the VEGF-related
inhibitory mechanism [33]. Scholars from various coun-
tries have carried out a number of studies on the rela-
tionship between placenta accreta and vascular
endothelial growth factor or its receptors. Wehrum
et al. tested the serum levels of VEGF, placenta growth
factor (PLGF), and sFlt-1 in 90 pregnant women [34].
Among them, 45 pregnant women were placenta pre-
via, and the remaining 45 were normal pregnancy
controls. The test results showed that the numerical
difference between the experimental group and the
control group was not statistically significant. The sci-
entists further divided the experimental groups into
placenta previa group and placenta previa combined
with placenta accreta group. The median of VEGF in
the placenta previa group was 6.5 and the combined
placenta accreta group was 0.8 (p=.02) [34]. Research
by Tseng and other scholars showed that the expres-
sion of VEGF receptors in the placental implantation
group in the syncytiotrophoblast was lower than that
in the control group [35]. Kerry and other scholars
also found that the expression of VEGF in the serum
of patients with placental implantation was signifi-
cantly reduced, while the expression of sFlt-1 was
increased [36]. Therefore, various previous experiments
have shown that the decrease of VEGF and its recep-
tors and the increase of sFlt-1 in serum could highly
indicate the presence of placenta accreta. In this art-
icle, we also obtained similar results. We found that
VEGF concentration was the lowest in PPP combined
with placenta increta, and gradually increased in PPP
combined placenta accreta, PPP alone, and healthy
controls, and there were significant differences
between the groups. Correspondingly, sFlt-1 had the
highest concentration in the PPP combined with the
placenta increta group, followed by PPP combined
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with placenta increta and the PPP group, which was
the lowest in the control group.

Our study has several limitations. First, all partici-
pants were Chinese. It is possible that the findings
may not be able to be applied to other nations.
Second, the sample size is relatively small. The conclu-
sion could be further strengthened in a larger sample
size. Third, the underlying mechanisms could be well
explored in the animal model.

Conclusion

In conclusion, our data show that both VEGF and sFlt-
1 have diagnostic values for PPP and placenta accreta/
increta combined PPP. In addition, the levels of VEGF
and sFlt-1 could be used to distinguish placenta
accreta from placenta increta. Moreover, VEGF is nega-
tively correlated with sFlt-1 in PPP patients. Therefore,
the serum VEGF and sFlt-1 levels might be used as
auxiliary indicators to diagnose PPP and distinguish
placenta accreta from increta.
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