
Introduction
The management of abnormally invasive placentation 
(AIP) is one of the most challenging conditions in 
obstetrics. This condition is a group of disorders, which has 
more recently been relabeled as placenta accrete spectrum 
(PAS), that covers all varieties including placenta accrete, 
placenta increta, and placenta percreta (1). This update 
was made so as to include both the abnormal adhesion and 
invasion of trophoblasts into the uterine wall given that 
the two conditions may coexist alongside one another (2).

Considering the global increase of the cesarean section 
(CS) rate to 30% of labors over the last 40 years, the 
incidence of PAS has increased by more than 10-fold (3). 
In turn, this has led to the emergence of multiple maternal-
related morbidities, including massive hemorrhage and 
the need for multiple transfusions, hysterectomy, injury to 
the abdominal organs, and the need for vascular, bowel, or 
bladder surgery. In addition, the maternal mortality rate 
attributed to PAS might be as high as 7% (4,5).

The PAS management at level III or IV centers by a 
multidisciplinary team is known to improve maternal 
morbidity and mortality outcomes (1). To achieve a 
successful result, the antenatal diagnosis of the condition is 
of utmost importance to ensure adequate time for referrals 
to the multidisciplinary team at the time of delivery (4). 

Other than the clinical anticipation, which is based on 
the previous history of CS or uterine surgery, maternal 
age, and the presence of placenta previa, ultrasound (US) 
is still preferable to other radiological modalities such as 
magnetic resonance imaging (4,6,7). In spite of being still 
recommended as the mainstay for the antenatal diagnosis 
of PAS, the US neither identifies all cases nor relates to 
the depth of invasion or histopathological findings (3,4,7). 

In addition, its successful use depends on the expertise 
of the operator, with an interobserver variation in the 
diagnosis which is entirely possible (1). Many researchers 
have suggested adding different serum biomarkers 
in order to improve the detection of AIP, including 
pregnancy-associated plasma protein-A (PAPP-A), beta-
human gonadotropin (β-hCG), alpha-fetoprotein, and 
most recently, cell-free fetal deoxyribonucleic acid and 
micro ribonucleic acid (8, 9). 

Zinc (Zn) is an essential trace element previously 
reported to be related to abnormal fetal growth (10), 
low birth weight (11,12), and preeclampsia in obstetrics 
(13-15). As new knowledge, the preterm rupture of the 
membranes is also associated with reduced umbilical cord 
and maternal serum Zn when compared to spontaneous 
preterm births (15).

Based on previous studies, human trophoblasts and 
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cancer cells have demonstrated similar mechanisms by 
having similar circuitries at the molecular level enabling 
them to proliferate, migrate, and have the invasive 
ability (16,17). Regarding the knowledge of the role 
of Zn deficiency in the progress of cancer growth and 
development (18,19), Zn deficiency might be implicated 
in the process of invasive trophoblastic growth in PAS.

To the best of our knowledge, this study is the first 
one to employ serum Zn as a biomarker in the potential 
detection of PAS cases. The present study attempted to 
find a new biomarker that is inexpensive, reliable, and 
readily available to assist in PAS prediction among women 
with placenta previa. The study further aimed to compare 
management outcomes between the cases of placenta 
previa with those of placenta previa with PAS at the 
tertiary hospital level.

Patients and Methods
Study Design
A prospective cohort study was carried out in the 
Department of Obstetrics and Gynecology at Al-Yarmouk 
Teaching Hospital in Baghdad, Iraq from September 2013 
to April 2019. 

One hundred sixty-eight patients were enrolled in the 
current study. They were diagnosed with placenta previa 
completely covering the os either before admission or 
coming with antepartum hemorrhage. Doppler US in 
our hospital was performed by senior US technologists 
to reveal the diagnosis of placenta previa, and placenta 
accrete was suggested in some cases. All women in the 
study were matched in terms of age (30-35 years old) and 
body mass index (BMI).

Study Population
Women who met the following inclusion criteria were 
chosen as study participants:
1.	 Singleton pregnancy;
2.	 Gestation age of the fetus between 37 to 40 weeks;
3.	 Para 1 elective CS with no vaginal bleeding;
4.	 Diagnosed in the current pregnancy as having 

placenta previa completely covering the os by Doppler 
US study.

On the other hand, women who met the following 
exclusion criteria were removed from the study:

1.	 History of emergency CS or infection postpartum;
2.	 Medical illness (e.g., hypertensive disorders including 

preeclampsia, diabetes mellitus, and liver and renal 
disease);

3.	 History of multivitamin intake during pregnancy 
including Zn;

4.	 Previous dilation and curettage a scar in the uterus 
for a reason other than CS (e.g., myomectomy and 
metroplasty scars).

Participants’ medical history was collected, and 
then several actions were taken, including a general 
examination, vital signs and BMI measurement, and an 
obstetric examination. A peripheral blood sample (5 mL) 
was also taken from each mother before delivery, and 
then placed in a sterile container and labeled. Following 
centrifugation at 3000 rpm for 20 minutes, the supernatant 
serum was collected in a separate sterile polyethylene 
container and stored at -20°C until further analysis for 
measuring the serum Zn. 

All patients were sent for confirmatory Doppler US 
study performed by the same operator, and all surgical 
operations were done by senior obstetricians in the same 
department.

After delivery, the study participants were grouped into 
patients without placenta accreta placenta who delivered 
completely (group 1) and those with placenta accreta 
syndrome in which the placenta was not delivered or was 
delivered partially (group 2).

Statistical Analysis
The data were analyzed using the Statistical Package for 
Social Sciences software, version 24 (IBM Corp., Armonk, 
NY, USA). Categorical data were presented as frequencies 
and percentages, and their associations were assessed 
using Pearson’s chi-square test. Furthermore, continuous 
variables were tested for normality and were considered to 
be non-normal if they showed a skewness of more than 1. 
Normally distributed continuous variables were presented 
with means and standard deviations and the comparisons 
between the groups were evaluated by the Student’s t test 
(a parametric test). Moreover, non-normally distributed 
continuous variables were presented with medians and 
interquartile ranges, and comparisons between the 
groups were conducted using the Mann-Whitney U test 
(a nonparametric test). Additionally, multivariate logistic 
regression was completed to reveal the real risk factors of 
hysterectomy among women with placenta accrete and 
to remove confounders. In addition, a receiver operating 
characteristic curve was used to estimate the predictive 
value of serum Zn for the stratification of placenta 
accreta cases from those with placenta previa. A level of 
significance was set at 5%.

Results
A total of 168 pregnant women were included in this study. 
Among the participants, 96 and 72 cases were included in 
groups 1 and 2, respectively. 

Maternal age, years since last delivery, history of 
antenatal care, history of antepartum hemorrhage, 
gestational age, and birth weight presented no significant 

►► Zinc is an important element in normal placental 
formation.

►► This is the first study that suggest maternal serum zinc 
as a biomarker for invasive placentation. 
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differences between the groups (Table 1). However, the 
maternal serum levels of Zn were significantly lower in 
patients of group 2 (Table 2). Further, a serum Zn level 
‎of 68 µg/dL or below was specifically associated with 
placenta accrete with a sensitivity rate of 79.2% and a 
specificity rate of 95.8% (Table 2 and Figure 1).

In the comparison of validity while evaluating maternal 
parameters using the maternal serum levels of Zn and 
color Doppler US, serum Zn was more specific and 
showed a higher positive predictive value compared to 
Doppler US (95.8% vs. 88.9% and 93.4% vs. 86.5%), as well 
as a comparable level of accuracy to that of Doppler US 
(88.7% vs. 89.3%). Nonetheless, serum Zn demonstrated 
a lower sensitivity (79.2% vs. 88.9%), the details of which 
are shown in Table 3 and Figure 2. 

At the time of surgery, 96 patients were found to have 
placenta previa without accrete. Of these, 64 (66.6%), 
12 (12.50%), 6 (6.25%), 7 (7.29%), 4 (4.17%), cases 
required an operation simply to remove the placenta, the 
oversewing of the placental bed, oversewing and packing, 
required oversewing and B Lynch procedure, and uterine 
artery ligation, respectively. Eventually, 3 (3.13%) cases 
underwent internal iliac artery ligation (Figure 3).

Considering complications arising during surgery, no 
case of ureteric injury or bladder injury was observed in 
the placenta previa group (group 1) while 12 (16.7%) and 
43 (59.7%) cases were reported in the placenta accrete 
group (group 2) in this regard. Based on the findings, 
no patient in the normal placentation group (group 1) 
died while there were four maternal deaths among the 
hysterectomy group (group 2). Among these deaths, two 
patients died in the respiratory care unit (RCU) for acute 
respiratory distress syndrome, one died as a result of a 
massive pulmonary embolism, and the fourth mother 

Table 1. General and Obstetrical Characteristics of Patients

Parameter
Placenta Previa Without Accreta (n = 96) Placenta Previa With Accreta (n = 72)

P Value
Mean ± SD

Maternal age (y) 35.4 ± 5 35.4 ± 4.7 0.5

Years since last delivery 2 ± 0.7 2.1 ± 0.9 0.403

Gestational age (wk) 38.9 ± 1.8 38.8 ± 1.2 0.688

Birth weight (kg) 3.2 ± 0.6 3.3 ± 0.7 0.819

n (%)

History of antenatal care 36 (37.5) 34 (47.2) 0.206

History of antepartum hemorrhage 68 (70.8) 44 (61.1) 0.186

Note. *Significance at 0.05; SD: syandard deviation; n: Number.

Table 2. The Predictive Value of Serum Zinc Among the Study Group

Parameter Placenta Previa Without Accreta (n = 96) Placenta Previa With Accreta (n = 72) Mean ± SD P Value

Serum zinc (µg/dL) 87.7 ± 13.6 57.6 ± 13.5 <0.001*

The predictive cutoff value of serum Zn 68 µg/dL

Note. *Significance at 0.05; SD: standard deviation.

Figure 1. Receiver Operating Characteristic Curve for Estimating the 
Predictive Value of Serum Zinc for the Stratification of the Cases of Placenta 
Accreta From Those of Placenta Previa.

died due to acute hypoxia as she had a known case of 
dilated cardiomyopathy. Total RCU admittance was 3 
(3.1%) and 36 (50%) in placenta previa and in accreta 
groups, respectively. Massive blood transfusion, defined 
as the replacement of more than 10 units of blood within 
24 hours (20), was required in 62 (86.1%) of women 
with placenta accrete, who included a majority of the 
population of group 2 (Table 4).

The histopathological report of the 72 hysterectomy 
patient revealed that 32 (58%), 19 (29%), and 8 (13%) 
cases experienced the accreta variety, the increta variety, 
and the percreta variety of PAS, respectively (Figure 4). 

Discussion
As patients with PAS are at the risk of a number of 
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morbidities and even maternal mortality, antenatal 
diagnosis remains crucial to ensure enough time for 
referrals to specialized centers for planned delivery (21). 
Besides Doppler US, variations in levels of a handful of 
serum biomarkers were added to enhance the antenatal 
identification of PAS. Among these, the first and second 
trimester markers of aneuploidy such as PAPP-A, β-hCG, 
and maternal serum alpha-fetoprotein (MSAF) and other 
markers including micro ribonucleic acid (miRNA) were 

suggested in this study.
Büke et al studied the first trimester markers and 

found that both PAPP-A (1.20 vs. 0.865, P = 0.045) and 
fβ-hCG (1.42 vs. 0.93, P = 0.042) were significantly lower 
among women with PAS compared to those with placenta 
previa alone (21). These findings were also reported by 
Thompson et al (6) and Desai et al (22). Furthermore, 
Lyell et al concluded that both low PAPP-A and elevated 
MSAFP (maternal serum alpha fetoprotein) were related 

Table 3. Validity Parameters of the Color Doppler US Diagnosis of Placenta Previa Accreta Among the Study Groups

Placenta Accreta Diagnosis
By Color Doppler US

Placenta Previa
With Accreta (n = 72)

Placenta Previa
Without Accreta (n = 96)

Total

Positive 64 10 74

Negative 8 86 94

Total 72 96 168

SN = 88.9%, SP = 89.6%, PPV = 86.5%, NPV = 91.5%, Accuracy = 89.3%
Note. US: Ultrasound;  SN, sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value.

Figure 2. Comparison of the Validity Parameters of the Color Doppler US With Those of Maternal Serum Zinc. Note. US: ultrasound.

Figure 3. Operative Management of Cases With Placenta Previa Without Accrete. 
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to AIP. In addition, a three-fold increased risk for placenta 
accreta was independently observed among women with 
the AFP levels of greater than 1.79 multiples of the median 
(MoM) or in the 95th percentile (7). The same findings 
were also revealed by Oztas et al who demonstrated that 
at a cutoff value of 1.25 MoM, elevated MSAF can predict 
the risk of hysterectomy in women with placenta previa 
for PAS with a sensitivity rate of 85.94% and specificity 
rate of 71.43% (23). However, the main limitation of the 
above-mentioned studies was their retrospective nature 
and typically small population size.

More recently, in a prospective study, Adami et al 
proposed maternal serum miRNA as a new biomarker for 
the detection of placenta accrete and found that women 
with PAS have a significantly higher total percentage of 
miRNA in their serum analysis as compared with those 
presenting normal placentation (9).

In this work, maternal serum Zn was hypothesized 
as a feasible biomarker for the detection of PAS among 
cases of placenta previa based on the understanding 
of the pathophysiology, molecular, acellular, and the 
genetic pathologies of PAS. Extensive neovascularization 
in PAS involves the enhancement of angiogenesis and 
the instigation of the vascular endothelial growth factor 
related to a dietary deficiency of Zn (24, 25). In addition, 
abnormally invasive trophoblasts were associated with 
the infiltration of subpopulation groups of leukocytes, 
an increase in endometrial forkhead box P3+ (FoxP3+) 
regulatory T-cells, a slight increase in the cluster of 
differentiation 25+ (CD25+) T-cells, and finally, a 

significant reduction in decidual natural killer cells 
(dNKC) as compared with normal pregnancies (26). 
Interestingly, the functions of CD25+ and FoxP3+ were 
demonstrated to be suppressed by Zn supplements (27) 
while such suppression enhances the function of the 
dNKC (28). AIP in PAS may be associated with changes in 
energy metabolism at the intracellular level by the defective 
bioavailability of the insulin-like growth factor (29). This 
factor domains the transport and uptake of amino acids 
and glucose in the trophoblast cells and controls the 
trophoblastic invasion into the decidua through autocrine 
and paracrine pathways (29). According to Malavolta et al, 
dietary Zn deficiency causes decreased circulatory levels 
and inhibits the metabolic action of insulin-like growth 
factor (30).

Finally, and in relation to the recent theory regarding 
the genomic alteration of the trophoblasts of PAS, 
Tzadikevitch et al found that specimens with PAS 
shortened telomeres (31). These nucleoproteins are found 
at the chromosomal ends to prevent them from pursuing 
coalition and degeneration. When they become shorter, 
cells acquire an arrest mutation during the cell cycle and 
thus exhibit genomic instability (31, 32). Some researchers 
have reported a direct relationship between the Zn level 
and telomere length (33, 34). In a study to improve age-
related effects on cells, Farahzadi et al concluded that the 
use of Zn supplementation significantly enhanced the 
length of telomeres (35). 

The findings of this study revealed that among women 
with one previous CS and placenta previa, the maternal 
serum Zn level was significantly lower in those with 
placenta accrete in comparison with those with previa 
without accrete. A serum Zn level at 68 µg/dL and below 
can be used to detect the presence of placenta accrete 
with comparable accuracy to that of color Doppler US 
and higher specificity, implying that serum Zn may 
offer support as a screening tool in the exclusion of 
placenta accrete in a high-risk population. The accuracy, 
sensitivity, and specificity of Doppler US in this study were 
89.3%, 88.9%, and 89.6%, respectively, which disagree 
with the results of Riteau et al (36). They performed a 
retrospective study that involved testing the accuracy of 
both Doppler US and magnetic resonance imaging in 
which the sensitivity rate of Doppler US was 100% and the 
specificity rate was 37.5%. On the contrary, Bowman et al 

Figure 4. Distribution of the Histopathological Reports of Hysterectomy 
Patients.

Table 4. Intraoperative Complications of the Study Groups

Complications Placenta Previa Without Accreta (n = 96) % Placenta Previa With Accreta (n = 72) %

Ureteric injury - - 12 16.7

Bladder injury - - 43 59.7

Maternal death - - 4 5.6

RCU admission 3 3.1 36 50

Massive blood transfusion 6 6.3 62 86.1

Note. RCU: respiratory care unit.
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(37) conducted a study in which six expert investigators 
randomly examined the US (some of which were with 
Doppler) reports of 56 patients with PAS retrospectively 
over 10 years while they were blinded to the patient’s 
history. The results demonstrated that the sensitivity rate 
of the US was around 53.5% and the specificity rate was 
88% while the accuracy was only 64.8% (37). 

The present study attempted to shed light on the risk 
factors and management options of PAS in comparison 
with placenta previa without accrete. Silver et al found 
that the risk of PAS is directly proportional to the number 
of CS operations. They further reported that the incidence 
of placenta accrete with one CS was 0.03-3%, increasing to 
0.8-61% with the fourth CS (38). The selection criteria of 
this study included those with one previous CS in order 
to decrease the effect of CS repetition on the incidence 
of PAS. Moreover, patients in this study were matched in 
terms of age and parity. Thus, unlike most other studies 
(7,23,29), these factors were not associated with PAS in 
this study.

All women with PAS in this study ended undergoing 
hysterectomy either initially or following failed conservative 
management efforts. Therefore, histopathological 
specimens were available, AND the presence of the accreta 
type was the most common observation. Additionally, 
all kinds of the reported postoperative complications 
appeared to a higher degree in the PAS group, which is 
in line with the outcomes of other similar investigations 
(21,23,29,39). The maternal mortality rate among the 
PAS group was 5.6% while Guleria et al (40) reported a 
maternal mortality rate as high as 22%, attributing it to a 
delay in arrival, inadequate supplies for blood transfusion, 
and limited facilities for intensive care in the hospital 
setting.

Conclusions 
In conclusion, maternal serum Zn might be a new 
biomarker for enhancing the use of Doppler US in the 
antenatal diagnosis of PAS among those with placenta 
previa or could be used as an inexpensive screening test in 
situations where color Doppler is unavailable, especially in 
areas with poor resources. Further evaluations are needed 
to support the validity of this new hypothesis.
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