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Abstract
To evaluate the relationship between the actual maternal serum alpha-fetoprotein (MSAFP) levels and maternal, fetal, and neonatal
outcomes in patients diagnosed with placental abruption. This prospective case-control study included 40 patients who presented at
the Perinatology Department between December 15, 2018, and September 01, 2019, were diagnosed with placental abruption and
underwent cesarean section delivery at ≥ 34 weeks, and 41 healthy individuals without any additional systemic pathologies, who
had a cesarean section under elective conditions. The patient demographic data, MSAFP levels, and maternal, fetal, and neonatal
results were compared. Correlation analyses were applied between theMSAFP levels and demographic characteristics, birthweight,
Apgar scores, and transfusion requirement in the group with placental abruption.MSAFP levels (ng/ml) were significantly higher in
the group with placental abruption than in the healthy control group (299.1 ± 214 and 156.2 ± 52.3, p = 0.012). In the neonatal
results, birthweight and 1st and 5th minutes Apgar scores were lower in the group with placental abruption than in the control group
(p = 0.025 and p < 0.001). The neonatal intensive care unit admission rate was higher in the group with placental abruption than in
the healthy control group (p = 0.017 and p = 0.002). A statistically significant, negative correlation was found betweenMSAFP and
1st and 5th minutes Apgar scores (r = − 0.526, r = − 0.522 and p < 0.001, p = 0.001, respectively). The data obtained in this study
suggest that MSAFP, which is a simple test, can be used in the clinical management of suspicious placental abruption or antepartum
hemorrhage of unknown origin and the prediction of neonatal prognosis.
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Introduction

Placental abruption is defined as the complete or partial sepa-
ration of the placenta from the area where it is implanted in the
uterus as a result of bleeding into the decidua basalis. It is one

of the most important causes of third-trimester bleeding and a
serious complication of pregnancy-related maternal and peri-
natal mortality and morbidity [1]. The incidence is 2–10/1000
births [2]. Although the etiopathogenesis has not been fully
clarified, predisposing risk factors have been defined. The
most important risk factor is the history of placental abruption
in a previous pregnancy, and other risk factors include ad-
vanced maternal age, pre-eclampsia, chronic hypertension,
preterm early membrane rupture, chorioamnionitis, fetal
growth restriction, multiple pregnancies, polyhydramnios,
uterine anomalies, trauma, smoking, and cocaine use [3, 4].
It is clinically diagnosed after the 20th gestational week in
general, and the clinical findings are vaginal bleeding, uterine
tension, sensitivity, and painful tetanic contractions [5]. The
diagnosis of placental abruption is mostly clinical [6]. The
criteria for the diagnosis of placental abruption on ultrasonog-
raphy (US) consist of observing intra-amniotic, subchorionic
or marginal hematoma, increase in placenta thickness (> 5 cm)
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and heterogeneity, preplacental and retroplacental collections,
and “jello-like”movements on the chorionic surface when the
fetus moves [6]. In diagnosis, the sensitivity of US findings is
25–60%. However, more than 50% of placental abruption
cases cannot be diagnosed sonographically, and, even if nor-
mal US findings are observed, the diagnosis of placental
abruption cannot be excluded [7]. Therefore, clinical and
sonographic evaluation can be insufficient for the diagnosis
of placenta abruption, particularly in the early stage.

Alpha-fetoprotein (AFP) is the major glycoprotein in the fetal
serum secreted by the fetal yolk sac and liver. From the early
stage of pregnancy onwards, maternal serum AFP (MSAFP)
levels increase, and serum screening has been optimized to dis-
tinguish the normal and abnormalMSAFP results during the 15–
18-week period of the second trimester of pregnancy [8].
Unexplained elevated MSAFP levels in the second trimester
have been associated with adverse pregnancy outcomes such as
fetal growth restriction (FGR), pre-eclampsia, preterm labor, fetal
demise, and stillbirth [9]. However, these data have been
accessed via retrospective records.MSAFP levels at 20–24-week
gestation are elevated in women who developed placental abrup-
tion later during the pregnancy [10]. Bartha et al. reported that
elevated actualMSAFP levels in preterm labor cases can be used
as a biomarker for the diagnosis of placental abruption in clinical
practice [11]. Furthermore, Ngai et al. stated that when actual
MSAFP levels exceed 280 μg/l in the third trimester, they have
a predictive valuewith the specificity of 89% for placental abrup-
tion, and therefore, MSAFP can be used as a simple, cheap, and
quick test for the clinical management of placental abruption
[12]. There are few studies in the literature that have investigated
the relationship between the actual MSAFP in the third trimester
and placental abruption.

The aim of this study was to compare MSAFP levels be-
tween pregnant women with placental abruption and a healthy
control group. The association of maternal, fetal, and neonatal
outcomes with MSAFP was also investigated.

Materials and Methods

This prospective, case-control study was approved by the Ethics
Committee of the University of Health Sciences, Zekai Tahir
Burak Women’s Health Training and Research Hospital.
Pregnant women who presented at the Department of
Perinatology between December 15, 2018, and September 01,
2019, were included. The required data were collected after
obtaining informed written consent from all participants. Power
analysis was performed based on previous study results [11].
Target alpha (α) and 1-beta (β) error levels were taken as 0.05
and 0.95, respectively, and the minimum number of patients
required to obtain 95% power in each group was calculated as
40 (total 80). G*Power 3.1.9.4 statistical software was used to
perform these analyses [13]. The study included 40 patients who

underwent cesarean section with the pre-diagnosis of ≥ 34-week
placental abruption and 41 healthy individuals without any addi-
tional systemic pathologies, who had a cesarean section under
elective conditions [14]. Multiple pregnancies and pregnant
women with chromosomal and structural anomalies were ex-
cluded from the study.

The pre-diagnosis of placental abruption was established with
clinical findings (vaginal bleeding, uterine sensitivity, and pain)
and US findings (subchorionic or retroplacental hematoma, pla-
centa heterogeneity, and increased thickness) [6]. Blood samples
were taken from all the patients upon admission to the clinic for
evaluating theMSAFPlevels. It took30min forMSAFPresults to
becomeavailableapproximately.Cesareansectionwasplannedas
thebirthmethodfor thepatients.Duringtheoperation, theplacenta
was examined macroscopically. Placental abruption was con-
firmed upon observing retroplacental bleeding or clotting in the
placenta.Thepercentageofabruptionwasrecorded.Thediagnosis
of fetal growth restriction (FGR)was determined according to the
international Delphi consensus [15, 16].

In this study, pregnant women with placental abruption and
healthy control subjects were compared in terms of demo-
graphic characteristics, MSAFP levels, maternal, fetal, and
neonatal outcomes. Maternal age, body mass index (BMI)
(kg/m2), gestational age, gravidity, parity, living children,
abortion, MSAFP level (ng/ml), birthweight, 1st and 5th mi-
nutes Apgar scores, neonatal intensive care unit (NICU) ad-
mission rate (n, %), and size of placental abruption (%) were
compared between the groups. Correlation analyses were ap-
plied between the MSAFP levels and demographic character-
istics, birthweight, APGAR scores, and transfusion require-
ment in the group with placental abruption. MSAFP was mea-
sured by enzyme immunoassay (ELISA) using the
Enzymuntest AFP kit (Boehringer Mannheim).

Statistical Analysis

Data were analyzed using SPSS vn.20.0 statistical software.
Conformity of the continuous variables to normal distribution
was assessed using the Kolmogorov-Smirnov/Shapiro-Wilk
tests. The Mann-Whitney U test was applied for non-
parametric numerical data and Student’s t-test for parametric
numerical data. To compare the categorical data, the Pearson
chi-square (χ2) or Fisher’s χ2 tests were performed. The
Pearson correlation test was applied to examine the relation-
ships between the variables. A value of p < 0.05 was consid-
ered statistically significant.

Results

The comparisons of the demographic characteristics and
MSAFP levels of the pregnant women with placental abrup-
tion and the healthy control group are presented in Table 1.
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Both groups were similar except for MSAFP levels (p > 0.05).
The MSAFP levels (ng/ml) were statistically significantly
higher in the group with placental abruption than in the
healthy control group (299.1 ± 214 and 156.2 ± 52.3, respec-
tively, p = 0.012). The comorbidity rates in pregnant women
with placental abruption are shown in Table 2.

The comparisons of birthweights, Apgar scores, NICU ad-
mission rates (n, %), and size of abruption (%) of the pregnant
women with placental abruption and the healthy control group
are shown in Table 3. In the group with placental abruption,
the 1st and 5th minutes Apgar scores were significantly low (p
= 0.025 and p < 0.001, respectively), and the NICU admission
rate (n, %) and percentage of placental abruption (%) were
significantly high (p = 0.017, p = 0.002, p < 0.001,
respectively).

In the group with placental abruption, the correlations of
the MSAFP levels with demographic characteristics,
birthweight, 1st and 5th minutes Apgar scores, and transfusion
requirement are presented in Table 4. A statistically signifi-
cant, negative correlation was found between MSAFP and the
1st and 5th minutes Apgar scores (r = − 0.526, r = − 0.522 and
p < 0.001, p = 0.001, respectively). No other significant cor-
relation was determined for the remaining parameters. Scatter
plots of the 1st and 5th minutes APGAR scores and MSAFP
levels are shown in Fig. 1.

Discussion

Placental abruption refers to the partial or complete separation of
the placenta before the birth of the fetus. It is defined for preg-
nancies exceeding the 20th week. The main clinical findings are
vaginal bleeding and abdominal pain, which are often accom-
panied by hypertonic uterus contractions, uterine sensitivity, and
unreliable fetal heart rate [6]. However, there may be no

symptoms observed in an early-stage or self-limited subacute
and chronic abruption [11]. Cases complicated with disseminat-
ed intravascular coagulation (DIC), hypovolemic shock, blood
transfusion, hysterectomy requirement, renal failure, unreliable
fetal status, preterm labor, fetal growth restriction, maternal-fe-
tal, and neonatal death are defined as severe abruption. Two-
thirds of cases is classified as severe abruption [17]. Therefore,
placental abruption is a significant cause of maternal, fetal, neo-
natal morbidity, and mortality [4]. In the diagnosis of placental
abruption, US is useful, and retroplacental hematoma is a clas-
sical finding. Compared to the placenta, it might have a solid,
complex, hyperechoic, or hypo-isoechoic (due to resolution
rather than acute hematoma) appearance. However, the diagnos-
tic sensitivity of US is approximately 25–60%. If US findings of
placental abruption are seen in a symptomatic patient, the posi-
tive predictive value will be high (88%) [7]. Mild separation/
hemostasis in hemorrhage tests is generally normal. In severe
abruption, DIC may develop, and initial fibrinogen levels of ≤
200 mg/dl indicate severe postpartum hemorrhage (positive pre-
dictive value = 100%) [18]. Furthermore, in severe abruption,
the frequency of serious maternal complications has been stated
to be 142/10,000 [17].

Table 1 Comparisons of
demographic features and
MSAFP levels between the
groups

Placental abruption Control 95% CI for the mean difference p valuea

n = 40 n = 41 Lower Upper

Maternal age (years) 31.1 ± 6.8 30.7 ± 6 − 2.413 3.263 0.739

BMI (kg/m2) 26.1 ± 1.7 25.8 ± 1.8 − 0.454 1.104 0.372

Gestational age (weeks) 36.3 ± 2.3 38.5 ± 2.1 − 2.112 − 0.188 0.016

Gravidity 3.5 ± 2 2.9 ± 1.4 − 0.160 1.360 0.300

Parity 1.7 ± 1.5 1.3 ± 1.2 − 0.258 0.958 0.480

Living children 1.5 ± 1.3 1.3 ± 1.1 − 0.321 0.771 0.570

Abortion 1 ± 1 0.6 ± 0.8 − 0.039 0.739 0.094

MSAFP (ng/ml) 299.1 ± 214 156.2 ± 52.3 73.531 212.252 0.012

BMI, body mass index; CI, confidence interval; MSAFP, maternal serum alpha-fetoprotein. Values are given as
mean ± standard deviation
a Statistical analysis was performed with the independent-samples test (t-test)

Table 2 Comorbidity rates in pregnant womenwith placental abruption

Comorbidity n (%)

Preterm labor 9 (22.5%)

Transfusion requirement 6 (15%)

Pre-eclampsia 5 (12.5%)

Fetal growth restriction 5 (12.5%)

Premature rupture of membranes 4 (10%)

Gestational diabetes mellitus 4 (10%)

Chronic hypertension 3 (7.5%)

Polyhydramnios 3 (7.5%)

Previous pregnancy complicated with placental abruption 2 (5%)
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As previously mentioned, placental abruption is correlated
with fetal-neonatal complications such as hypoxemia, asphyx-
ia, low birthweight, preterm labor, and fetal growth restriction
(with chronic abruption) [19, 20]. Preterm labor can be iatro-
genic due to preterm pre-labor rupture of membranes
(PPROM) or unreliable fetal/maternal status [6]. In a series
of more than 500 placental abruptions that resulted in live
birth, the birth rate between the 32nd and 36th weeks was
reported to be 25.3%, and before the 32nd week, 14.3% [3].
In the current study, the preterm labor rate was 22.5%.
Although the etiopathogenesis of placental abruption has not
been fully clarified, multifactorial causes such as impaired
placentation, placental insufficiency, oxidative stress, intra-
uterine hypoxia, thrombosis and necrosis in decidual veins,
immunological reaction, and acute or chronic inflammation
have been researched [21]. In the last decade, novel terms like
“placenta mediated pregnancy complications” and “placental
inflammation” have come to practice. In this concept, pathol-
ogies affecting the placental structures are considered to be the

main etiological factors behind poor obstetric outcomes and
pregnancy complications including miscarriage, intrauterine
fetal demise, fetal growth restriction, preterm labor, pre-
eclampsia, and placental abruption [22, 23].

Alpha-fetoprotein (AFP) is a plasma protein produced by
the embryonic yolk sac and fetal liver. The AFP levels in
serum, amniotic fluid, and urine are used as a screening test
for congenital disabilities, where physical integrity is im-
paired, such as neural tube defects, omphalocele and
gastroschisis, chromosomal anomalies, and some pathologies
seen in adults (e.g., hepatocellular carcinoma, germ cell tu-
mors, liver cirrhosis). In the prenatal period of embryonic
development, the levels increase after the end of the first tri-
mester and decrease after the 32nd gestational week. MSAFP
is a parameter of the triple or quad fetal aneuploidy screening
tests [9, 24]. MSAFP levels increase in placental pathologies
such as chorioangioma and intervillous thrombosis [25, 26].
Moreover, elevated MSAFP levels have been reported to be
possibly correlated with the impairment of the maternal-fetal-
placental barrier and gestational complications [9].

Mid-trimester human gonadotropic (hCG), inhibin A, or
MSAFP elevations have been reported to be correlated with
obstetric complications such as intrauterine growth restriction
(IUGR), pre-eclampsia, preterm labor, fetal loss, and stillbirth
[27]. Elevated AFP levels (> 2 multiples of median = MoM)
could determine 17% of subsequent placental abruptions [28].
The correlation of the levels of pregnancy-associated plasma
protein-A (PAPP-A), which is a protease for the insulin-like
growth factor binding protein-4, below the fifth centile in the
first trimester with placental abruption has been reported [29].
Florio et al. found the mid-trimester levels of dimeric glyco-
protein activin A secreted from placental trophoblasts to be
higher in placental abruption cases [30]. In a study of 24 cases
that developed gestational complications, Sharony et al. deter-
mined a statistically significant correlation between the
MSAFP/AFAFP (AFP reservoir in the amniotic fluid) ratio,
IUGR, and gestational week in the cases that underwent

Table 3 Comparisons of
birthweight, Apgar scores, NICU
admission rate, and size of
abruption between the groups

Placental abruption Control 95% CI for mean
difference

p valuea,b

n = 40 n = 41 Lower Upper

Birth weight (g) 2758.8 ± 586.4 3044.8 ± 450.4 − 518.743 − 53.257 0.025a

1st minute APGAR score 5.3 ± 1.4 6.5 ± 0.7 − 1.705 − 0.695 < 0.001a

5th minute Apgar score 7.1 ± 1 8.2 ± 0.8 − 1.540 − 0.710 < 0.001a

NICU admission (n) 18 (45) 8 (20) 0.113 0.826 0.017b

NICU admission rate (%) 4.5 ± 5.9 0.6 ± 1.5 1.943 5.757 0.002b

Size of abruption (%) 28.5 ± 20.9 0 - - < 0.001a

NICU, neonatal intensive care unit. Values are given as number (percentage) or mean ± standard deviation
a Statistical analysis was performed with the independent-samples test (t-test)
b Statistical analysis was performed with the chi-square test

Table 4 Correlations of MSAFP levels with demographic features,
birthweight, Apgar scores, and transfusion requirement in the placental
abruption group

MSAFP

ra pa

Maternal age (years) − 0.132 0.416

Gestational age (weeks) 0.102 0.531

Parity − 0.271 0.090

Birthweight (g) 0.073 0.656

1st minute Apgar score − 0.526 < 0.001

5th minute Apgar score − 0.522 0.001

Transfusion requirement 0.124 0.438

MSAFP, maternal serum alpha-fetoprotein
a Correlation analysis was performed with the Spearman test
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amniocentesis after MSAFP and therefore stated that the
MSAFP/AFAFP ratio could be a predictor of gestational com-
plications [9]. It can be seen in the literature that evaluations
have beenmademore as a result of retrospective analyses, that
is, on the parameters of the first- and second-trimester screen-
ing tests in the prediction of placental abruption.

The diagnosis of severe placental abruption is clinical and,
usually easy to make, these women should be delivered as
soon as possible before fetal distress or coagulation complica-
tions could develop. Precious time could therefore be waisted
by waiting for the results of special investigations. However,
in uncertain or suspicious cases, the use of MSAFP could be
of value.

Bartha et al. evaluated the correlation of the actual MSAFP
levels (in IU/ml and MoM) with placental abruption in 58
pregnant women who presented due to preterm labor between
the 24th and 36th gestational weeks and reported that MSAFP
levels (IU/ml) and MoM values (247.70 ± 88.82 [280.89],
1.97 ± 0.68 [2.08] MoM, p = 0.054, p = 0.033, respectively)
were higher in 9 cases (15.5%) that developed placental
abruption [11]. Similarly, Ngai et al. demonstrated that the
actual MSAFP levels (μg/l) in the third trimester increased
in pregnant women with placental abruption compared to a
healthy control group (221 ± 139 and 128 ± 67, p < 0.01,
respectively). It was also stated that when MSAFP levels
exceeded 280 μg/l (= ng/ml), they had a predictive value with
the specificity of 89% for placental abruption. Therefore,
MSAFP could be used as a simple test for the clinical man-
agement of placental abruption, although the need for further,
more extensive studies was also emphasized [12]. Consistent

with both of the abovementioned studies, the MSAFP levels
(ng/ml) were also higher in the group with placental abruption
than the healthy control group in the current study (299.1 ±
214 and 156.2 ± 52.3, respectively, p = 0.012). Furthermore, a
statistically significant negative correlation was determined
between the elevated MSAFP levels and the 1st and 5th mi-
nutes Apgar scores (p < 0.001 and p = 0.001, respectively).
The data obtained in this study support that MSAFP can be an
auxiliary biomarker to be used in practice especially in suspi-
cious, early-stage, subacute, or chronic placental abruption
cases without typical clinical symptoms.

The strength of the present study was that it was the first
such study to have a prospective design together with the
evaluation of the third trimester and maternal-fetal and neona-
tal outcomes. However, the limitations could be said to be the
lack of actual MSAFP MoM values, placental abruption was
not confirmed pathologically, and the number of severe cases
was low.

Conclusion

Placental abruption is one of the most important causes of the
third-trimester bleeding and a serious complication of
pregnancy-related maternal and perinatal mortality and mor-
bidity. More than 50% of cases cannot be diagnosed with US,
and even if normal US findings are observed, the diagnosis
cannot be excluded. The usefulness of MSAFP in cases where
the diagnosis of placental abruption is certain could be
questioned but it may be of value in cases where the diagnosis

Fig. 1 Scatter plots of the 1st and 5th minutes Apgar scores and MSAFP levels
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is uncertain. The data obtained in this study support that
MSAFP, which is a simple test, can be used as a biomarker
in the clinical management of especially suspicious, early-
stage, subacute, or chronic placental abruption cases without
typical clinical symptoms and in the prediction of neonatal
prognosis.
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