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Abstract

Objective: To assess maternal serum amyloid A (SAA)
levels among women with Placenta Accreta spectrum.

Methods: We performed a prospective observational
cohort study among women with Placenta Accreta
Spectrum at Ain Shams University Maternity Hospital,
Cairo, Egypt, between March 2017 and August 2017.
The study group included women with a previous CS and
diagnosed with placenta previa or accreta (20 patients
in each group), while the control group included twenty
women with a normally situated placenta. We collected
Serum samples to measure SAA levels at the time of
admission. The primary outcome was the association
between SAA and the Placenta Accreta Spectrum.
SAA levels were compared using the ANOVA test. We
also performed Receiver Operating Characteristics
characteristic analysis for previa/accrete versus normal
and previa versus accreta.

Results : Each group contained 20 participants with
comparable baseline characteristics. The Maternal serum
amyloid-A level was 19.9£5.0 pg/mL, 18.3£5.5 pg/mL
in the previa and accreta groups versus 11.4+2.1 ng/
mL in the control group (P<0.001). The ROC analysis
was significantly lowest among the normal group with
no significant difference between the previa and accrete
groups. Maternal serum amyloid-A had significantly high
diagnostic performance in differentiating previa and/
or accreta groups from the normal group and low non-
significant diagnostic performance in determining previa
from accreta groups.

Conclusion: Maternal SAA levels are increased in women
with Placenta Accreta Spectrum.

Keywords: Serum amyloid A, Placenta Accreta Spectrum,
Morbid adherent placenta, biochemical marker.

Introduction

Placenta accreta is defined as abnormal trophoblastic
invasion of the placenta (either partly or totally) into the
myometrium of the pregnant uterus. The Placenta accreta
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spectrum was known as morbidly adherent
placenta, which refers to the pathologic
adherence of the placenta, including placenta
accreta (invading the decidual

surface of the myometrium),
placenta increta (invading more deeply
within the myometrium), and placenta
percreta (penetrating the uterine serosa and
invading the surrounding organs such as the
bladder).!

Placenta accreta spectrum (PAS) disorders
are life-threatening obstetrical problems
with a mortality rate of approximately 7.0%
and several maternal morbidities, which
include obstetric hemorrhage, massive
blood transfusion, urinary tract injury, and
hysterectomy. The incidence of placenta
accreta spectrum disorders is steadily rising
in Egypt; it was recorded at 0.91% in a
tertiary university hospital in Minya from
2017 to 2018. 2 In 2022 and 2023, it reached
2% in Ain Shams university hospital. This is
driving our high rate of CS of 56%. *

Several fetal and placental hormones have
been found to have different concentrations
in the serum of patients with placenta previa
accreta compared with those with non-accreta
women. At 11-12 weeks of pregnancy,
the pregnancy-associated plasma protein A
(PAPP-A) is higher in the maternal serum
of women with PAS disorders. At 14-22
weeks, serum B-hCG and alpha-fetoprotein
(AFP) are above 2.5 multiples of the median
higher in the maternal serum of women with
PAS disorders. Biomarkers could be used
with ultrasound imaging to screen for PAS
disorders prenatally. *

Serum amyloid A (SAA) is an
immunoregulatory protein in the acute-
phase reaction.’ Its functions include
immunomodulation, cell differentiation, cell
proliferation, migration, and invasion. SAA is
synthesized mainly in the liver, other sources,
including trophoblasts, have been described.
SAA exerts immunoregulation and plays an
important role in the trophoblasts' migration,
invasion, and differentiation. SAA at low

concentrations regulates both trophoblast
invasion and metalloprotease activity within
the microenvironment of the placenta, which
is important for placentation and placental
homeostasis. In the presence of high levels of
SAA, this sequence is markedly disturbed. 5

The present study aimed to examine the
hypothesis that Placenta Accreta Spectrum
(PAS) might be associated with high maternal
SAA.

Methods

Study Design: We performed a prospective
observational cohort study. This study was
done on 60 pregnant women attending the
outpatient obstetric clinic or who came to
the emergency ward and were all admitted to
the inpatient ward as high-risk pregnancies
with a diagnosis of Morbid adherent Placenta
(MAP); The study group included women
with a previous CS and diagnosed with
placenta previa or accreta (20 patients in each
group), while the control group included
twenty women with a normally situated
placenta. They were recruited through the
period of March 2017 and August 2017. The
original study is a master thesis that took the
approval of the scientific committee of the
Obstetrics and Gynecology Department of
Ain Shams University Hospital and gained
the ethical committee approval of Ain Shams
University, Faculty of Medicine (Research
Ethics Committee) under the number
FMASU MS 26/2017.

Eligibility criteria: We studied women
diagnosed with placenta previa or accreta
with a history of previous CS. Women had
to be more than 18 years, had a history of
previous CS, and had a gestational age > 28
weeks. The placenta previa/accreta diagnosis
was established by ultrasonography, Doppler,
and occasionally by MRI. Women with
rupture of membranes, chorioamnionitis,
multiple pregnancies, or any medical
disorder were excluded from the study. We
excluded women with infection and medical
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disorders, which could affect serum amyloid
assessment 5. The control group was women
with a normal placenta and no specific
complaint.

The women were allocated consecutively and
alienated into three groups by their clinical
fate. Women with placenta previa/accreta
were included in the cases group (first and
second), while women with normal placenta
were included in the third group.

All participants had general examinations,
including blood pressure, pulse, and
respiratory rate. An abdominal examination
was performed to assess contractions
and electronic fetal monitoring. Pelvic
examinations were not done except if the
patient was contracting, in which speculum
examination was done.

Ultrasound and Doppler were done, and
the diagnosis of placenta accreta was based
on the loss of the retroplacental sonolucent
zone, presence of irregular retroplacental
sonolucent zone, thinning or disruption
of hyperechoic serosa — bladder interface,
presence of focal exophytic masses invading
the urinary bladder (presence of focal
exophytic mass with the same echogenicity
as the placenta beyond the uterine serosa)
and abnormal placental lacunae: An irregular
vascular space in the placental parenchyma.

After diagnosing Morbid adherent placenta,
women were admitted either for conservation
or termination if they were presented at term
or with significate attacks of antepartum hge.
Complete laboratory investigations were
performed for all participants, including
CBC, coagulation profile, and liver and
kidney function tests. Cross-matching of
packed RBCs and plasma was done.

A sample of venous blood was taken from
each patient participating in the study under
aseptic conditions to assess the level of
serum aa. Blood samples were centrifuged at
2500 g for 15 minutes at 4°C, separated into
serum aliquots, and stored at —80°C until
used for the SAA assay. Levels of SAA were

assayed simultaneously for all groups using
the same microtiter plates provided with the
human SAA solid phases and which enzyme-
linked immuno- sorbent assay kit (BioSource
Europe, Nivelles, Belgium), according to the
manufacturer’s protocol. The inter-assay and
intra-assay coefficients of variation were
7.4% and 6.1%, respectively. The sensitivity
had been <0.004 pg/mlL.

Participants were either admitted to the
emergency room for termination or admitted
to high- risk inpatient ward after being
assessed by the consultant on duty, who gave
the management’s final decision.

Sample size justification: At the time of
the study, no study used serum amyloid A
in its association with the morbidly adherent
placenta. So, we assigned 20 patients in each
group according to the number of available
kits.

Statistical Analysis: The data were analyzed
using SPSS version 21.0 (IBM, Armonk, NY,
USA). Numerical data were tested for normal
distribution using the Shapiro—Wilk test.
Normally, distributed data were presented as
a mean and standard deviation; differences
were assessed using the ANOVA test between
groups. Categorical data were presented as
numbers and percentages, and differences
were compared using Fisher’s exact test
(for nominal data) or the chi-squared test for
trend (for ordinal data). Correlations were
tested using the Spearman rank correlation.
ROC curve analysis was used to examine the
predictive value of SAA. P values < .05 were
considered statistically significant.

Results

Sixty women were included in the study,
equally distributed among 3 groups (placenta
previa (N=20), placenta accrete (N=20), and
a normal control group (N=20). There is no
statistically significant difference between
the three groups regarding the demographic
criteria (Age, BMI, GA, and, Hysterotomy/
CS) (Table 1).
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The Maternal serum amyloid-A level was significantly lowest among the normal group than
the previa and accreta groups (P<0.001), with no significant difference between previa and
accrete groups (P = 0.351). The correlation between the maternal SAA and demographic data
among the studied groups revealed no statistically significant difference (P>0.05), as shown in
Table 2.

Maternal serum amyloid-A had significantly high diagnostic performance in differentiating previa
and/or accreta groups from the normal group and low non-significant diagnostic performance in
differentiating previa from accreta groups. Maternal serum amyloid-A level >15.3 (ug/mL) had
high specificity& PPV and moderate sensitivity& NPV in differentiating the previa group from
the control group. Maternal serum amyloid-A level >15.3 (ug/mL) had high specificity& PPV
and low sensitivity& NPV in differentiating the accreta group from the control group. Maternal
serum amyloid-A. A level >15.3 (ug/mL) had high specificity& PPV and low sensitivity& NPV
in differentiating previa/accreta groups from the control group. (Table 3 and Fig 1a-d) .

Table 1 Clinical characteristics of studied groups

Variables Measures | Previa (N=20) | Accreta (N=20) | Normal (N=20) P
Mean+SD 27.9+3.0 28.842.6 28.4+2.4
Age (years) 0.605 *
Range 23.0-33.0 25.0-33.0 22.0-32.0
Mean+SD 29.5+1.8 29.1£1.6 29.6+1.4
BMI (kg/m?) 0.552*
Range 26.3-33.0 26.4-31.6 27.4-31.9
Mean+SD 2.3+0.6 2.4+0.7 2.6+0.8
Hystroto my/CS 0.383*
Range 2.04.0 2.04.0 2.04.0
Gestational Age Mean+=SD 32.1£2.2 32.5+£2.6 32.3+£2.5
. 0.873*
(GA in weeks) Range 28.0-36.0 27.0-38.0 27.0-37.0
* ANOVA test - BMI: Body Mass Index
Table (2): Correlation between maternal serum amyloid-A levels in 3 groups
Mean+SD 19.945.0 18.345.5 11.4£2.1
Maternal Se- <0.001+*
rum Amyloid Range 10.3-30.3 9.2-29.3 8.4-16.2 .HS
A (ng/mL)
HG a a b

** ANOVA with post hoc test

Table (3): Correlation between maternal serum amyloid-A level and demographic
characteristics among the studied groups

HG: Homogenous groups

Previa (N=20) Accreta (N=20) Normal (N=20)
Variable
r P r P R P
Age 0.137 0.565 -0.009 0.970 0.129 0.588
BMI 0.277 0.237 -0.403 0.078 0.018 0.940
Hystrotomy 0.093 0.697 -0.222 0.346 -0.075 0.753
GA -0.280 0.233 -0.180 0.446 -0.018 0.941

Pearson correlation
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Table (4): Diagnostic performance of maternal serum amyloid-A in differentiating the
studied groups.

Previa from Accreta from Previa/ Accreta Previa from
normal normal from normal Accreta
AUC 0.941 0.869 0.905 0.586
SE 0.038 0.059 0.038 0.091
95% CI 0.500-1.000 0.753-0.985 0.831-0.979 0.500-0.765
p-value <0.001* <0.001* <0.001* 0.351
Cut off >15.3 >15.3 >15.3 >18.3
Sensitivi 85.0% 70.0% 77.5% 56.58%
ty (62.1%-96.8%) (45.7%—88.1%) (61.5%—-89.2%) | (44.90%-65.12%)
Specificit 95.0% 95.0% 95.0% 69.35%
p Y (75.1%-99.9%) (75.1%-99.9%) (75.1%-99.9%) | (54.82%-72.93%)

AUC: Area under the curve, SE: Standard error, CI: Confidence interval, *Significant
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Figure (1¢): ROC curve for maternal serum
amyloid-A in differentiating the previa/accreta
groups from the normal group
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Figure (1d): ROC curve for maternal serum
amyloid-A in differentiating the previa group
from the accreta group
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Figure (2): Diagnostic characteristics of ma-

ternal serum amyloid-A level >15.3 (ug/mL)

in differentiating previa and/or accreta groups
from the control group.

Discussion

The present study showed that maternal
serum amyloid A is significantly elevated
in placenta previa and placenta accreta over
the normal control group. There was no
correlation between levels of m SAA and
the demographic criteria of selected patients.
Maternal serum amyloid-A had significantly
high diagnostic performance in differentiating
previa and/or accreta groups from the normal
group and low non-significant diagnostic
performance in differentiating previa from
accreta groups.

Comparison of our results to related
studies

Investigators tried to analyze the association
between SAA levels and the normal
pregnancy and labor process, as well
as abnormal pregnancy. Maternal SAA
levels were measured during and after
pregnancy in healthy pregnant women.
SAA levels remained unchanged during
normal pregnancy and were elevated only
during concurrent infections. Maternal SAA
concentrations were normal when measured
one day before delivery. On the contrary,
labor caused a marked increase in maternal
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SAA levels that increased several hundred
folds. ¢

SAA regulates trophoblastic invasion into the
decidua at physiological levels by activating
toll-like receptor 4 (TLR-4). By contrast,
the increased levels of SAA are associated
with increased trophoblastic invasion and
syncytialization. ’

At physiological levels, SAA regulates
trophoblastic invasion into the decidua
through the activation of toll-like receptor
4 (TLR-4). By contrast, the increased
levels of SAA are associated with increased
trophoblastic invasion and syncytialization. ’

In the study of Sandri et al., they evaluated
the role of SAA in placental invasion. SAA
was expressed in the syncytiotrophoblasts,
extravillous cytotrophoblasts, and
decidual cells. They used the extravillous
cytotrophoblasts (ECT) and a trophoblast-
like human cell line to evaluate the influence
of exogenous SAA on trophoblastic
migration, invasion, and differentiation.
They concluded that, at concentrations of 1
and 10 pg/mL, SAA doubled the invasion
of ECT by stimulating the TLR-4 receptor.
Also, SAA stimulated the invasion of the
trophoblast-like cell line and induced both
the gene expression and enzyme activity
of metalloprotease (MMP-2 and MMP-9),
which are proteases involved in the process
of invasiveness of the EVT cells. 8

SAA has been shown to aid in tumor cell
invasion and metastasis by enhancing the
Extra-cellular Matrix degradation through
the induction of MMP-9 and 11 proteases
activity 1D,

SAA levels were also increased in some
cases of gynecological cancers. In the study
of Kovacevi et al. and Rossmann et al., they
showed that first-trimester trophoblasts and
malignant trophoblast-like choriocarcinoma
cells (JAR and Jeg-3 cells) express SAA
transcripts. >3

Cocco et al.’s study reported that SAA

gene and protein expression levels were
highly expressed in Uterine serous papillary
carcinoma. Interestingly, they have shown
that high serum SAA levels predict different
stages of the disease and could help in staging
patients preoperatively. '+1°

In contrast to the results of our study are
the studies concerning increased levels
of SAA in Preeclampsia, eclampsia, and
Recurrent early pregnancy loss. It has been
shown that there was a shallow invasion of
the EVT into the endometrium in cases of
Preeclampsia and that maternal SAA levels
were significantly increased in preeclamptic
patients over the controls. Maternal SAA
levels were also increased in eclampsia and
HELLP syndrome. This was explained by
the insufficient blood flow to the placenta
due to the shallow invasion of extravillous
trophoblasts (EVT) into the endometrium.'>'®

In the study of Ibrahim et al., serum amyloid
levels were significantly higher in patients
with recurrent early pregnancy loss than
among their controls. They explained that
SAA (At physiological levels) modulates
the trophoblastic invasion into the decidua
via activation of toll-like receptor 4, and
maintains a functional balance between the
pro-inflammatory and anti-inflammatory
cytokines. Their study’s increased SAA levels
were associated with impaired trophoblastic
invasion and syncytialization.

As SAA levels were elevated in
different situations of both shallow and
excessive invasiveness of Extra Villous
cytotrophoblasts, it is assumed that the
alteration of SAA levels in maternal blood
in pre-eclampsia and Placenta accreta
spectrum are the non-specific reflections of
the inflammatory and injury states of the
diseases. 7

Clinical implication of our study

This study, among other studies, utilizes
different biomarkers that could be used
with ultrasound imaging to screen for PAS
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disorders prenatally which aids in early
referral to higher centers.

Strengths and limitations of the
present study

The strength of our present study is that, to
our knowledge, it was the first to address the
association of the placenta accreta spectrum
with the SAA levels. The limitations of
the present study included the absence of
sample-size justification due to the need for
published data (at the time of the study) on
SAA levels among women with the placenta
accreta spectrum. Indeed, the present study
suggested a possible association between
SAA level and Placenta accreta spectrum,
whether the exact mechanism is to be
determined.

Recommendations for further
studies

We recommend studying the levels of SAA
in patients with the low-lying placenta in the
early second trimester and following up to
assess the outcome of the occurrence of the
placenta accreta spectrum.

Conclusion

Maternal SAA levels are increased in
Placenta Accreta Spectrum, and the exact
pathophysiology is yet to be determined.
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PAS ... Placenta Accreta Spectrum
MAP............. Morbid Adherent Placenta
EVT.............. Extra-villous cyto-trophoblast
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