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Abstract
OBJECTIVE—An anti-angiogenic state has been implicated in the pathophysiology of
preeclampsia, fetal growth restriction and fetal death. Vascular endothelial growth factor (VEGF),
an indispensible angiogenic factor for embryonic and placental development exerts its angiogenic
properties through the VEGF receptor (VEGFR)-2. A soluble form of this protein (sVEGFR-2)
has been recently detected in maternal blood. The aim of this study was to determine if fetal death
was associated with changes in the concentrations of sVEGFR-2 in maternal plasma and amniotic
fluid.

STUDY DESIGN—Maternal plasma was obtained from patients with fetal death (n=59) and
normal pregnant women (n=134). Amniotic fluid was collected from 36 patients with fetal death
and the control group consisting of patients who had an amniocentesis and delivered at term
(n=160). Patients with fetal death were classified according to the clinical circumstances into the
following groups: 1) unexplained; 2) preeclampsia and/or placental abruption; and 3)
chromosomal and/or congenital anomalies. Plasma and amniotic fluid concentrations of
sVEGFR-2 were determined by ELISA. Non-parametric statistics and logistic regression analysis
were applied.

RESULTS—1) Patients with a fetal death had a significantly lower median plasma concentration
of sVEGFR-2 than normal pregnant women (p<0.001). The median plasma concentration of
sVEGFR-2 in patients with unexplained fetal death and in those with preeclampsia/abruption, but
not that of those with congenital anomalies, was lower than that of normal pregnant women
(p=0.006, p<0.001and p=0.2 respectively); 2) the association between plasma sVEGFR-2
concentrations and preterm unexplained fetal death remained significant after adjusting for
potential confounders (OR 3.2; 95% CI 1.4–7.3 per each quartile decrease in plasma sVEGFR-2
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concentrations); 3) each subgroup of fetal death had a higher median amniotic fluid concentration
of sVEGFR-2 than the control group (p<0.001 for each); 4) the association between amniotic fluid
sVEGFR-2 concentrations and preterm unexplained fetal death remained significant after
adjusting for potential confounders (OR 15.6; 95% CI 1.5–164.2 per each quartile increase in
amniotic fluid sVEGFR-2 concentrations); and 5) among women with fetal death, there was no
relationship between maternal plasma and amniotic fluid concentrations of sVEGFR-2 (Spearman
Rho: 0.02; p=0.9).

CONCLUSION—Pregnancies with a fetal death, at the time of diagnosis, are characterized by a
decrease in the maternal plasma concentration of sVEGFR-2, but an increase in the amniotic fluid
concentration of this protein. While a decrease in sVEGFR-2 concentration in maternal circulation
depends upon the clinical circumstances of fetal death, an increase in sVEGFR-2 concentration in
amniotic fluid seems to be a common feature of fetal death. It remains to be determined if the
perturbation in sVEGFR-2 concentrations in maternal and fetal compartments observed herein
preceded the death of a fetus.
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INTRODUCTION
The rate of fetal death decreased substantially from the 1950s through the 1980s. However,
this rate has remained relatively stable for the past 20 years [1–3]. In the United States, there
are approximately 26,000 stillbirths annually, a rate of 6.4 /1000 births which accounts for
almost half of all perinatal deaths [4]. Despite the magnitude of the problem, relatively little
attention has been focused on fetal death. A better understanding of the causes of stillbirth
may lead to the development of measures to prevent this pregnancy complication.

Since successful pregnancy requires a balance between angiogenic and anti-angiogenic
processes [5,6], examining these factors in fetal death may help to decipher its mechanisms
of disease. Angiogenesis, a process by which new vessels are formed from pre-existing
vasculature, is regulated by several growth factors, cytokines and their receptors. Among
them, VEGF-signaling represents a critical step in both physiologic and pathologic
angiogenesis [7,8]. VEGF is essential for fetal development since the loss of only one copy
of the VEGF gene leads to embryonic lethality [5,6]. VEGF exerts its biological effects
through two high-affinity tyrosine kinase receptors: VEGFR-1 and VEGFR-2. While
VEGFR-1 is considered a ‘decoy’ receptor, VEGFR-2 is the major mediator of the
mitogenic, angiogenic, permeability enhancing, and endothelial survival properties of VEGF
[7,8]. VEGFR-2 knock-out mice die due to a lack of blood vessel formation, indicating that
this receptor is also essential for the development of vascular systems in the embryo.[9]
Both VEGF receptors are present in two forms; the membranous and the soluble forms. An
excess of the soluble form of VEGFR-1 in maternal blood has been implicated in the
pathophysiology of several obstetrical syndromes including preeclampsia,[10–27] fetal
growth restriction [28–30], placental abruption [31], “mirror syndrome”[32], twin-to-twin
transfusion syndrome[33], and fetal death.[34]

The soluble form of VEGFR-2 has been detected in human plasma.[35] Under experimental
conditions, this protein can bind to VEGF [35] and its recombinant form has anti-angiogenic
activity [36,37]. The role of sVEGFR-2 in human disease is unclear. However, several
studies have evaluated its potential as a surrogate biomarker for tumor progression in
malignant melanoma [38], myelodysplastic syndrome [39] and acute leukemia [40,41]. In
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non-malignant conditions, plasma sVEGFR-2 concentration is lower in patients with
systemic lupus erythematosus [42], dengue hemorrhagic fever [43], and pregnant women
with acute pyelonephritis [44] compared to controls. Recent studies have also indicated that
patients with preeclampsia, both prior to and at the time of clinical diagnosis, have lower
plasma concentrations of sVEGFR-2 than normal pregnant women [21,45–47]. It is possible
that patients with fetal death might also demonstrate perturbation of sVEGFR-2
concentration in maternal circulation.

Placenta condition media was found to have angiogenic properties as determined in a
bioassay (chick chorioallantoic membrane) [48]. Subsequently, VEGF and sVEGFR-1 were
identified in human amniotic fluid [49–52], and amniotic fluid concentrations of sVEGFR-1
were reported to be higher in patients with preeclampsia than in controls [51,52]. Both
VEGF and its receptors (VEGFR-1 and VEGFR-2) are also expressed in the human amnion
[53–55]. We hypothesize that successful pregnancies require coordination between the fetus,
the placenta and the mother, and that this synchronization may be altered in cases of fetal
death. The purpose of this study was to determine if fetal death is associated with changes in
the concentrations of sVEGFR-2 in maternal plasma and amniotic fluid.

PATIENTS AND METHODS
Study design

A cross-sectional study was conducted by searching our clinical database and bank of
biologic samples. This study included only singleton pregnancies. Maternal plasma was
evaluated in 59 patients with fetal death and 134 normal pregnant women. Thirty-six
patients with fetal death underwent amniocentesis. Since amniocenteses could not be
performed in normal pregnant women without clinical indication, the control group for
comparisons of amniotic fluid results included 1) patients with preterm labor (PTL) who
delivered at term without intra-amniotic infection/inflammation (n=122); and 2) women at
term not in labor without intra-amniotic infection (n=38). Women in the control group who
delivered small-for-gestational age (SGA) neonates were excluded.

Clinical definition
Fetal death was defined as death of the fetus after 20 week of gestation diagnosed by
ultrasound examination. This group was sub-classified according to clinical circumstances
into: 1) unexplained fetal death (n=36); 2) fetal death with preeclampsia and/or placental
abruption (n=15); and 3) fetal death with a known chromosomal abnormality and/or major
malformation (n=8). Fetuses in the latter group included those with trisomy 21 (n=3),
trisomy 13 (n=1), non-immune hydrops fetalis (n=3), and a cardiovascular defect with single
umbilical artery (n=1). Preeclampsia was defined as hypertension (systolic blood pressure
≥140 mmHg or diastolic blood pressure ≥90 mmHg on at least two occasions, 4 hours to 1
week apart) and proteinuria (≥300 milligrams in a 24-hour urine collection or at least one
dipstick measurement ≥2+) diagnosed after 20 weeks of gestation [30]. Placental abruption
was diagnosed based on clinical presentation (vaginal bleeding and abdominal pain) and the
presence of a retroplacental blood clot, not associated with vasa previa, placenta previa, or
uterine rupture [31].

Normal pregnant women were enrolled from either a labor-delivery unit (in cases of
scheduled cesarean section) or an antenatal clinic, and followed until delivery. The inclusion
criteria for the normal pregnancy group included: 1) no medical, obstetrical or surgical
complications; 2) not in labor; and 3) delivery of a normal term (≥37 weeks) infant whose
birth weight was between the 10th and 90th percentile for gestational age. PTL was defined
by the presence of regular uterine contractions occurring at a frequency of at least 2 every 10
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minutes and cervical change < 37 completed weeks of gestation. Intra-amniotic
inflammation was defined as an amniotic fluid interleukin-6 concentration ≥2.6 ng/mL [56].
Intra-amniotic infection was defined as a positive amniotic fluid culture for micro-
organisms. The diagnosis of SGA was based on an ultrasonographic estimated fetal weight
and confirmed by a birthweight below the 10th percentile for gestational age, according to
the reference range proposed by Alexander et al [57] or Gonzalez et al [58] depending on
ethnicity of the patients.

The collection and utilization of maternal plasma and amniotic fluid samples was approved
by the Human Investigation Committees of the Sotero del Rio Hospital, Santiago, Chile (a
major affiliate of the Catholic University of Santiago), the Institutional Review Boards of
Wayne State University, (Detroit, MI) and the IRB of the Eunice Kennedy Shriver National
Institute of Child Health and Human Development (NICHD/NIH/DHHS). Many of these
samples have been used in previous studies.

Sample collection and sVEGFR-2 immunoassay
Maternal blood samples were obtained by venipuncture and collected into tubes containing
EDTA. Amniotic fluid samples were obtained by transabdominal amniocentesis performed
for genetic indications, evaluation of the microbial status of the amniotic cavity and/or
assessment of fetal lung maturity in patients approaching term. Samples of amniotic fluid
were transported to the laboratory in a sterile capped syringe and cultured for aerobic/
anaerobic bacteria and genital mycoplasmas. Samples were centrifuged and stored at −70°C.
Maternal plasma and amniotic fluid concentrations of sVEGFR-2 were determined by
sensitive and specific immunoassays obtained from R&D Systems (Minneapolis, MN).
Briefly, the immunoassay utilized the quantitative sandwich technique and their
concentrations were determined by interpolation from the standard curves. The inter- and
intra-assay coefficients of variation obtained were 2% and 4%, respectively. The sensitivity
was 0.019 ng/ml.

Statistical analysis
Kolmogorov Smirnov and Shapiro-Wilk were used to test for normal distribution of the
data. Kruskal Wallis with post-hoc Mann-Whitney U test was utilized to determine the
differences of the median among and between groups. Contingency tables, Chi-square and
Fischer’s Exact test were employed for comparisons of proportions. Logistic regression
(backward step-wise) was applied to determine the association between the presence of fetal
death and plasma/amniotic fluid concentrations of sVEGFR-2 while adjusting for potential
confounders. Analysis was conducted with SPSS V.12 (SPSS Inc., Chicago, IL). A p value
of <0.05 was considered significant.

RESULTS
Maternal plasma concentrations of sVEGFR-2 in women with fetal death

Demographic and clinical characteristics of women with fetal death and those with a normal
pregnancy are displayed in Table I. The normal pregnancy group had a higher median
gestational age at blood sampling than the fetal death group (p<0.001). There was no
significant difference in the distribution of ethnicity and nulliparity. The fetal death group
had a higher rate of smokers than those with a normal pregnancy (p=0.04). The median
plasma concentration of sVEGFR-2 was significantly lower in women with a fetal death
than that in normal pregnant women (p<0.001; Figure 1).

Table II describes the demographic and clinical characteristics according to the subgroups of
fetal death. The majority of fetal deaths were categorized as unexplained (61%). The median
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plasma concentration of sVEGFR-2 in the unexplained fetal death group was lower than that
in the normal pregnancy group (p=0.006; Figure 2), but higher than that in the fetal death
with preeclampsia and/or placental abruption group (p=0.001). There was no significant
difference in the median plasma sVEGFR-2 concentration between women with fetal death
with chromosomal and/or congenital anomalies and normal pregnant women (p=0.2). The
association between plasma sVEGFR-2 concentrations and fetal death overall, unexplained
fetal death and fetal death with preeclampsia and/or placental abruption remained significant
after adjusting for gestational age at blood sampling and other potential confounders (see
Table III). There was no significant relationship between maternal plasma concentrations of
sVEGFR-2 and neonatal birthweight (p=0.9).

To examine whether changes in maternal plasma sVEGFR-2 concentration in unexplained
fetal death varies with the gestational age at which fetal death was diagnosed, patients with
unexplained fetal death and those with normal pregnancy were stratified into those who had
blood sampling performed before and after 37 weeks of gestation. There were no significant
differences in the median gestational age at blood collection between patients with an
unexplained fetal death at < 37 weeks and normal pregnant women at preterm gestation or
between patients with fetal death at term gestation and normal pregnant women at term
[preterm fetal death (n=27): median 28.6 weeks, range 20–36 weeks vs. preterm normal
pregnancy (n=64): median 30.7 weeks, range 20–36 weeks; p= 0.2 and term fetal death
(n=9): median 38.7 weeks, range 37–40 weeks vs. term normal pregnancy (n=70): median
39 weeks, range 37–41 weeks; p=0.8]. Unexplained fetal death in preterm, but not in term
gestations, had a significantly lower maternal median plasma sVEGFR-2 concentration than
normal pregnant women (p<0.001 and p=0.7 respectively; Figures 3 and 4). There was no
significant difference in the median plasma concentrations of sVEGFR-2 between women
with an unexplained preterm fetal death with and without SGA [SGA (n=13): median 9.4
ng/ml, range 6.5–12.6 ng/ml vs. without SGA (n=14): median 8.8 ng/ml, range 5.9–13.6 ng/
ml; p=0.5]

To examine the association between plasma sVEGFR-2 concentrations and the presence of a
preterm unexplained fetal death, plasma sVEGFR-2 concentrations among preterm patients
were stratified into quartiles (Q). As plasma concentrations of sVEGFR-2 decreased from
the 4th quartile (Q4), the rate of fetal death increased [Q4: 0% (0/27); Q3: 26.3% (5/19), Q2:
38% (8/21) and Q1: 58% (14/24); Chi-square for trend p<0.001]. The association between
plasma sVEGFR-2 concentrations and preterm unexplained fetal death remained significant
after adjusting for gestational age at blood sampling (weeks), maternal age (years), African-
American ethnicity, smoking, nulliparity, duration of sample storage (years) and the
presence of SGA (OR 3.2; 95% CI 1.4–7.3 per each quartile decrease in plasma sVEGFR-2
concentrations).

Amniotic fluid concentrations of sVEGFR-2 in women with fetal death
Clinical characteristics of the study population included for the evaluation of amniotic fluid
sVEGFR-2 concentrations are displayed in Table IV. The control group was comprised of
122 women with PTL who delivered at term and 38 women at term without labor. Overall,
the concentrations of sVEGFR-2 were lower in amniotic fluid than those in maternal plasma
(median 0.6 ng/ml vs. 10.6 ng/ml in the control group and median 2.6 ng/ml vs. 8.8 ng/ml in
the fetal death group). Among patients with fetal death, there was no relationship between
maternal plasma and amniotic fluid concentrations of sVEGFR-2 (Spearman Rho: 0.02;
p=0.9).

In contrast to the results in maternal plasma, the median amniotic fluid sVEGFR-2
concentration in women with fetal death was significantly higher than that of women in the
control group (p<0.001; Figure 5). Among women with fetal death, there were no significant
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relationships between amniotic fluid concentrations of sVEGFR-2 and amniotic fluid
concentrations of glucose, white blood cell counts or red blood cell counts (p>0.05 for each).
In contrast, amniotic fluid concentrations of sVEGFR-2 were correlated inversely with
neonatal birthweight (Spearman’s Rho −0.5; p=0.004).

When the fetal death group was subdivided according to clinical categories, women with
unexplained fetal death, those with fetal death with preeclampsia and/or placental abruption
and those with fetal death and major chromosomal/ congenital anomalies had a significantly
higher median amniotic fluid concentration of sVEGFR-2 than women in the control group
(p<0.001, p=0.03 and p=0.005 respectively; Figure 6). The association between amniotic
fluid concentrations of sVEGFR-2 and the presence of fetal death in each subgroup
remained significant after adjusting for gestational age at amniocentesis (weeks) and other
potential confounders (Table V).

To examine whether changes in amniotic fluid sVEGFR-2 concentration in unexplained
fetal death varies with gestational age at which fetal death was diagnosed, patients with
unexplained fetal death were stratified into those who had amniocentesis performed before
and after 37 weeks of gestation. The clinical characteristics of women with PTL who
delivered at term, women at term without labor and those with unexplained fetal death at
preterm and term gestation are displayed in Table VI. Women with a preterm unexplained
fetal death had a lower median gestational age at amniocentesis and a higher rate of SGA
neonates than women with PTL who delivered at term (p<0.001 for both). Unexplained
preterm fetal death, but not term fetal death, had a significantly higher median amniotic fluid
sVEGFR-2 concentration than women in the control groups (p<0.001 and p=0.2
respectively; Figure 7 and 8). There was no significant difference in the median amniotic
fluid concentrations of sVEGFR-2 between women with an unexplained preterm fetal death
with SGA and those without SGA [SGA (n=11): median 2.6 ng/ml, range 0.9–8.1 ng/ml vs.
without SGA (n=9): median 2.4 ng/ml, range 0.4–5.7 ng/ml; p=0.8)

To examine the association between amniotic fluid sVEGFR-2 concentrations and the
presence of unexplained preterm fetal death, amniotic fluid sVEGFR-2 concentrations were
stratified into quartiles. As amniotic fluid concentrations of sVEGFR-2 increased from the
1st quartile, the prevalence of fetal death increased [Q1: 0% (0/32); Q2: 2% (1/43), Q3: 9%
(3/34) and Q4: 48% (16/33); Chi-square for trend p<0.001]. The association between
amniotic fluid sVEGFR-2 concentrations and unexplained preterm fetal death remained
significant after adjusting for gestational age at amniocentesis (weeks), maternal age (years),
African American ethnicity, smoking, nulliparity, duration of sample storage (years) and the
presence of SGA (OR 15.6; 95% CI 1.5–164.2 per each quartile increase in amniotic fluid
sVEGFR-2 concentrations).

DISCUSSION
Principal findings

1) Women with a fetal death had a lower median plasma concentration of sVEGFR-2 than
normal pregnant women, whereas the median amniotic fluid concentration of sVEGFR-2
was higher in patients with a fetal death than that of controls; 2) Unexplained preterm fetal
death and fetal death with preeclampsia and/or placental abruption, but not fetal death with
chromosomal or major congenital anomalies, were associated with lower plasma sVEGFR-2
concentrations than normal pregnant women; and 3) Unexplained preterm fetal death, fetal
death with preeclampsia and/or placental abruption, and fetal death with chromosomal or
major congenital anomalies were all associated with higher amniotic fluid concentrations of
sVEGFR-2 than the control group.
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Fetal death is associated with decreased maternal plasma concentrations of sVEGFR-2
The finding that fetal death was associated with lower maternal plasma sVEGFR-2
concentrations than normal pregnancy is novel and consistent with two previous reports of
increased maternal plasma sVEGFR-1 concentrations in pregnant women with fetal death
compared to normal pregnancy [34,59]. A decrease in plasma sVEGFR-2 concentrations has
also been observed in patients with preeclampsia and pregnancies with small for gestational
age fetuses[21] as well as in pregnant women with systemic inflammation (acute
pyelonephritis) [44]. Since all of these obstetrical syndromes are associated with various
degrees of endothelial cell dysfunction [60–67], plasma sVEGFR-2 concentration might be a
surrogate marker of endothelial cell function in the maternal circulation. Given that VEGF
signaling through the membranous isoform of VEGFR-2 is essential for endothelial cell
function/survival and that the soluble form of VEGFR-2 can bind to VEGF and inhibit
VEGF function, it is possible that a decrease in plasma sVEGFR-2 concentrations may be a
physiologic response designed to increase availability of free VEGF. Alternatively, plasma
sVEGFR-2 concentration may simply be a marker of unbound VEGF. Consistent with this
hypothesis, a recent study demonstrated that VEGF could stimulate a disintegrin and
metalloproteinase (ADAM)-17, and this protein, in turn, cleaves the extra-cellular portion of
VEGFR-2 from endothelial cells [68]. This mechanism of protein ectodomain shedding by
transmembrane proteases has recently emerged as a key posttranslational regulator of
several growth factor receptors involved in angiogenesis [69–71]. Although sVEGFR-2
concentrations in cell lysates of human colonic microvascular endothelial cells are reduced
in response to hypoxia [72,73], it is unlikely that the decreased plasma sVEGFR-2
concentrations in women with fetal death results from a response of vascular endothelial
cells against local hypoxic insults.

Unexplained fetal death at preterm gestation is associated with decreased maternal
plasma concentrations of sVEGFR-2

The findings that unexplained fetal death at preterm, but not at term, was associated with a
decrease in maternal plasma sVEGFR-2 concentration is also consistent with previous
studies that observed a higher magnitude of angiogenic imbalance in complicated
pregnancies (e.g., preeclampsia and pregnancies with SGA fetuses and abnormal Doppler
velocimetry) at preterm than at term gestations [16,17,28,30]. Moreover, abnormalities of
uterine artery Doppler velocimetry at 22–24 weeks are considered a better predictor of
subsequent fetal death due to placental causes than other unexplained stillbirths [74]. These
observations support the view that unexplained preterm fetal death, similar to preeclampsia,
is associated with decreased uteroplacental perfusion and the presence of an anti-angiogenic
state in maternal circulation.

A solid body of evidence supports an association between reduced uteroplacental perfusion,
fetal growth restriction, and fetal death [75,76]. Absence of physiologic transformation of
the spiral arteries has been reported in patients with second trimester spontaneous abortion
[76]. Moreover, 40% of unexplained fetal deaths are SGA [75], the rate of which is
consistent with the observation in the current study [44 % (16/36)]. Of note, similar to the
changes of plasma sVEGFR-1 concentrations in unexplained fetal deaths [34], there was no
significant difference in the median plasma sVEGFR-2 concentration in patients with
unexplained fetal death between those with and without SGA neonates. We have proposed
that an elevation of sVEGFR-1 may be a protective mechanism of the fetoplacental unit
[34]. Some cases of fetal death, in which there is no elevation of plasma VEGFR-1
concentrations in response to decreased utero-placental perfusion (e.g., in cases of abnormal
uterine artery Doppler velocimetry), may represent failure of this mechanism. It is unclear
whether or not this is the case for sVEGFR-2. However, a previous study indicates that there
was no significant difference in the mean plasma sVEGFR-2 concentration among patients
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with SGA whether or not they had an increased impedance to blood flow in the uterine
artery (as measured by uterine artery Doppler velocimetry) [21]. Moreover, there was no
relationship between plasma sVEGFR-1 and sVEGFR-2 concentrations in maternal blood of
women with unexplained fetal deaths (Chaiworapongsa T, et al., unpublished observation).

Fetal death is associated with increased amniotic fluid concentrations of sVEGFR-2
The current study is the first to report the detection of sVEGFR-2 in human amniotic fluid.
Amniotic fluid concentrations of sVEGFR-2 in the control group were generally much lower
than that in the maternal plasma of normal pregnant women. In contrast with the findings in
maternal plasma, fetal death was associated with an increase in amniotic fluid concentrations
of sVEGFR-2. The findings that there was no significant relationship between amniotic fluid
concentrations of sVEGFR-2 and amniotic fluid concentrations of glucose, white blood cell
counts or red blood cell counts suggest that the increase of amniotic fluid sVEGFR-2
concentrations in fetal death is unlikely to be a consequence of intra-amniotic infection/
inflammation or traumatic amniocenteses.

VEGF and sVEGFR-1 are present in human amniotic fluid, and thus, it is likely that
sVEGFR-2 is also involved in the regulation of VEGF activity in the amniotic cavity. Since
there are no blood vessels in the human amnion, the function of VEGF in the amniotic
cavity might be related to the growth and development of the fetus [77] or the regulation of
amniotic fluid volume and its content [55]. Interestingly, amniotic fluid concentrations of
VEGF in the midtrimester of pregnancy with subsequent fetal death have been reported to
be lower than those of normal pregnancy [49]. However, another study found that
immunoreactive VEGF in amniotic fluid of normal pregnant women could not be detected
by ELISA, since VEGF was bound to other unidentified high molecular weight proteins
[78]. The authors concluded that the soluble form of VEGFR-1 is unlikely to represent one
of these binding proteins since the determination of PlGF (which also can bind to
sVEGFR-1) by ELISA was not affected [78]. These observations do not preclude
sVEGFR-1 and/or sVEGFR-2 as potential candidates for VEGF binding proteins, since they
could form heterodimers and have a higher molecular weight than their original soluble
forms [78,79]. Therefore, it is possible that the increased amniotic fluid concentrations of
sVEGFR-2 observed in patients with fetal death could bind to VEGF, leading to the
decreased availability of unbound VEGF, a critical angiogenic protein for fetal growth and
development [5,6,77], in the amniotic cavity. The observations that amniotic fluid
concentrations of sVEGFR-2 in patients with fetal death were correlated inversely with
neonatal birthweight support this view.

The findings that all clinical circumstances of fetal death in the current study were
associated with increased amniotic fluid concentrations of sVEGFR-2 suggest that the
changes in sVEGFR-2 concentrations in amniotic fluid observed herein might be either a
terminal event of impending fetal death or a fetal postmortem phenomenon.

Strength and limitation of the study
This study is the first to examine the changes of sVEGFR-2 concentration in patients with
fetal death in both maternal plasma and amniotic cavity simultaneously. Moreover, we have
described a perturbation of sVEGFR-2 concentrations in women with fetal death according
to the clinical circumstances related to fetal death and to the gestational age at which the
fetal death was diagnosed. The findings that there was a dose-response relationship between
maternal plasma/amniotic fluid concentrations of sVEGFR-2 and fetal death strengthen the
relationship between the changes of this protein in maternal/fetal compartments and fetal
death.
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Three potential limitations of this study should be mentioned. First, since plasma sVEGFR-2
concentrations change with gestational age, the delta values or multiple of medians
(deviation from the median concentrations for gestational age) may be more interpretable
than absolute values in reflecting differences in plasma sVEGFR-2 concentrations from
normal pregnant women. However, the maternal plasma sVEGFR-2 concentrations were not
normally distributed even after logarithmic transformation of the data and the best
regression equation of plasma sVEGFR-2 as a function of gestational age could explain only
22% of the variance of plasma sVEGFR-2 concentrations in normal pregnant women. These
observations led us to apply multivariable logistic regression analysis, which does not
require the data to be normally distributed, to determine the association between plasma/
amniotic fluid concentrations of sVEGFR-2 and the presence of fetal death while adjusting
for gestational age at sampling and other potential confounders. Second, due to the cross-
sectional nature of the study, the temporal relationship between the changes in plasma/
amniotic fluid concentrations of sVEGFR-2 and the death of a fetus could not be
determined. Finally, due to the small sample size of women with fetal death and
chromosomal/congenital anomalies, the changes of sVEGFR-2 concentrations in this group
should be interpreted with caution.

We conclude that pregnancies with a fetal death at the time of diagnosis are characterized by
a lower maternal plasma concentration of sVEGFR-2, but a higher amniotic fluid
concentration of this protein than those of the control group. While a decrease in sVEGFR-2
concentrations in the maternal circulation depends upon the clinical circumstances of fetal
death, the increase in sVEGFR-2 concentration in amniotic fluid seems to be a common
feature of fetal demise. However, whether these changes precede or follow fetal death
remains to be determined.
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Figure 1.
Plasma concentrations of sVEGFR-2 in normal pregnant women and patients with fetal
death. Women with fetal death had a significantly lower median plasma concentration of
sVEGFR-2 than normal pregnant women (median 8.8 ng/ml, range 3.4–13.6 ng/ml vs.
median 10.6 ng/ml, range 3.4–24.7 ng/ml; respectively; p<0.001).* p<0.05
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Figure 2.
Plasma concentrations of sVEGFR-2 in normal pregnant women, unexplained fetal death,
fetal death with preeclampsia and/or placental abruption, and fetal death with chromosomal
or congenital anomalies. The median plasma concentration of sVEGFR-2 in unexplained
fetal death was lower than that of the normal pregnancy group (median 8.9 ng/ml, range
5.9–13.6 ng/ml vs. median 10.6 ng/ml, range 3.4–24.7 ng/ml; respectively; p=0.006), but
higher than that of fetal death with preeclampsia and/or placental abruption (median 6.1 ng/
ml, range 3.4–12.4 ng/ml; p=0.001). There was no significant difference in the median
plasma sVEGFR-2 concentration between women with a fetal death with major
chromosomal and/or congenital anomalies (median 10.1 ng/ml, range 6.4–12.1 ng/ml) and
those with a normal pregnancy (median 10.6 ng/ml, range 3.4–24.7 ng/ml; p=0.2). * p<0.05
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Figure 3.
Plasma concentrations of sVEGFR-2 in normal pregnant women at preterm gestation and
unexplained preterm fetal death. Unexplained preterm fetal death had a significantly lower
median plasma sVEGFR-2 concentration than normal pregnant women at preterm gestation
(median 8.9 ng/ml, range 5.9–13.6 ng/ml vs. median 12.8 ng/ml, range 5.9–24.7 ng/ml;
respectively; p<0.001). * p<0.05
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Figure 4.
Plasma concentrations of sVEGFR-2 in normal pregnant women at term gestation and
unexplained term fetal death. There was no significant difference in the median plasma
concentration of sVEGFR-2 between patients with unexplained fetal death at term and
women at term without labor (median 8.8 ng/ml, range 6.5–11.6 ng/ml vs. median 9.3 ng/ml,
range 3.4–20.2 ng/ml; respectively; p=0.7).
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Figure 5.
Amniotic fluid concentrations of sVEGFR-2 in patients with fetal death and women in the
control group. The median amniotic fluid concentration of sVEGFR-2 was significantly
higher in women with a fetal death than that of women in the control group (median 2.6 ng/
ml, range 0.3–8.1 ng/ml vs. median 0.6 ng/ml, range 0–9.3 ng/ml; respectively; p<0.001).
Two patients in the control group had amniotic fluid concentrations of sVEGFR-2 below the
limit of detection (LOD). * p<0.05
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Figure 6.
Amniotic fluid concentrations of sVEGFR-2 in the control group, unexplained fetal death,
fetal death with preeclampsia and/or placental abruption, and fetal death with chromosomal
or congenital anomalies. Women with unexplained fetal death (median 2.4 ng/ml, range 0.4–
8.1 ng/ml), those with fetal death with preeclampsia and/or placental abruption (median 2.1
ng/ml, range 0.5–5.8 ng/ml), and those with fetal death and major chromosomal/congenital
anomalies (median 2.8 ng/ml, range 0.3–6.3 ng/ml) had a significantly higher median
amniotic fluid concentration of sVEGFR-2 than women in the control group (median 0.6 ng/
ml, range 0–9.3 ng/ml; p<0.001, p=0.03 and p=0.005; respectively; see Figure 6). Two
patients in the control group had amniotic fluid concentrations of sVEGFR-2 below the limit
of detection (LOD). * p<0.05
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Figure 7.
Amniotic fluid concentrations of sVEGFR-2 of women in the control group and those with
unexplained fetal death at preterm gestation. Unexplained preterm fetal death had a
significantly higher median amniotic fluid sVEGFR-2 concentration than the control group
(median 2.6 ng/ml, range 0.4–8.1 ng/ml vs. median 0.6 ng/ml, range 0–3.7 ng/ml;
respectively; p<0.001). Two patients in the control group had amniotic fluid concentrations
of sVEGFR-2 below the limit of detection (LOD). * p<0.05
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Figure 8.
Amniotic fluid concentrations of sVEGFR-2 in the control group and those with
unexplained fetal death at term gestation. There was no significant difference in the median
amniotic fluid concentration of sVEGFR2 in patients with unexplained fetal death at term
and women at term without labor (median 0.5 ng/ml, range 0.4–3.0 ng/ml vs. median 0.5 ng/
ml, range 0.1–9.3 ng/ml; respectively; p=0.2).
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Table I

Demographic and clinical characteristics of normal pregnant women and women with fetal death (for plasma
evaluation)

Normal pregnancy
n = 134

Fetal death
n=59

p

Age (years) 25 (17–40) 25 (17–41) 0.8

Nulliparity 37 (28%) 23 (39%) 0.1

Ethnicity

      African American 106 (79%) 51 (86%) 0.6

      Caucasian 15 (11%) 4 (7%)

      Hispanic 7 (5%) 3 (5%)

      Others 6 (5%) 1 (2%)

Smoking 23 (17%)α 18 (31%) 0.04*

GA at blood sampling (weeks) 37.6 (20–41) 31.0 (20.1–40.6) <0.001*

GA at delivery (weeks) 39.3 (37–42) 31.0 (20.6–40.7) <0.001*

Birthweight (grams) 3,345 (2,610–4,080) 1,400 (140–5,755) <0.001*

Birthweight <10th percentile 0 27 (46%) <0.001*

Birthweight <5th percentile 0 20 (34%) <0.001*

Value expressed as median (range) or number (percent)
GA: gestational age

α
: n=133;

*
: p<0.05
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Table III

Odds ratio for the associations between the presence of fetal death and plasma concentrations of sVEGFR-2
(per each ng/ml increase)

Model Dependent variables (vs. normal pregnancy) Odds ratio 95% CI

1 Fetal death 0.7 0.6–0.8

2 Unexplained fetal death 0.8 0.6–0.9

3 Fetal death with preeclampsia/abruption 0.5 0.3–0.8

4 Fetal death with chromosomal or congenital anomalies 0.6 0.3–1.3

Adjusting for gestational age at blood sampling (weeks), maternal age (years), African American ethnicity, smoking, nulliparity, duration of sample
storage (years) and the presence of SGA
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Table IV

Clinical characteristics of the study population (for amniotic fluid evaluation)

Control
n = 160

Fetal death
n=36

p

Age (years) 23 (14–42) 26 (17–41) 0.8

GA at amniocentesis (weeks) 32.9 (20–42) 30.1 (20.3–40.6) <0.001*

GA at delivery (weeks) 38.7 (37–43) 30.3 (20.6–40.7) <0.001*

Birthweight (grams) 3,255 (2,630–4,750) 1,328 (140–5,755) <0.001*

Birthweight <10th percentile 0 18 (50%) <0.001*

Value expressed as median (range) or number (percent)
GA: gestational age

*
: p<0.05
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Table V

Odds ratio for the associations between the presence of fetal death and amniotic fluid concentrations of
sVEGFR-2 (per each ng/ml increase)

Model Dependent variables (vs. control) Odds ratio 95% CI

1 Fetal death 5.5 2.8–10.9

2 Unexplained fetal death 6.7 3.1–14.9

3 Fetal death with preeclampsia/abruption 4.9 1.7–14.1

4 Fetal death with chromosomal or congenital anomalies 13.9 1.5–132.2

Adjusting for gestational age at amniocentesis (weeks), smoking, nulliparity and duration of sample storage (years)
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