
Introduction
Placenta accreta is usually used as a term with a general 
meaning but is defined as the level of the invasion of 
chorionic villi into the myometrium of pregnant ladies. 
Based on the depth of villous invasion, the abnormal 
attachment of the placenta is named placenta accreta, 
increta, and percreta. However, placenta previa could be 
defined as placenta that superimposes or is near to the 
internal os of the cervix (1,2).

Placenta accreta may lead to massive bleeding and 
other morbidity issues such as acute respiratory distress 
syndrome, multisystem failure, intravascular coagulation 
(disseminated), and finally, death (3,4).

Placenta accreta had an increasing incidence over the 
past 20-40 years, where it was about 1 per 500 in the 
United States, and from 0.12% during the 1970s to 0.31% 
during the 2000s in Italy. It should be noted that it has an 
elevated frequency with cesarean sections (5-7). 

The prenatal detection of placenta accreta may give a 
chance for multidisciplinary management before the start 
of any bleeding and/or labor, which is a co-factor for 
decreasing maternal morbidity and mortality (7,8).

Some imaging methods such as transabdominal and 
transvaginal ultrasonography, and magnetic resonance 

imaging may be used to diagnose placenta accreta during 
pregnancy, which are limited by the need of validation 
evidences and the lack of generalized practicing, making 
them as non-accurate tools for such diagnosis, especially 
when the missing of a perfect serum test is added to 
confirm placenta accreta during the antenatal period 
(9-12).

Human chorionic gonadotrophin (hCG), which is the 
headmost circulated hormone from the placenta to the 
mother, appeared from about 2nd day of implantation 
with maximum production. The peak serum levels occur 
during the first trimester but remain significant throughout 
gestation and the low levels of hyperglycosylated human 
chorionic gonadotropin (hCG-H) <50% at implantation 
may predict pregnancy failure (13,14).

Moreover, hCG is a complex glycoprotein that consists 
of α- and β-glycosylated subunits (15). The invasive 
extravillous trophoblast produces hyperglycosylated 
forms of hCG (hCG-H), which is considered as a serum 
marker of an early invasion of trophoblast (16).

Objective
To foretell the diagnosis of placenta accreta by measuring 
hCG-H.
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Materials and Methods
A total of 90 pregnant multiparous women (18-35 years 
old) were involved in this case-control study and admitted 
to the Department of Obstetrics at Baghdad Teaching 
hospital in Iraq from the start of December 2017 until 
31st of May 2018. This hospital is affiliated with Baghdad 
University. In addition, it is the grandest tertiary center 
in Iraq and has better resources and well-trained staff 
compared to the other centers. Most of the suspected cases 
of placenta previa and accreta from other hospitals in 
different states and governorates within the whole country 
were referred to the above hospital (tertiary center). This 
would explain the relatively large number of such rare 
cases collected during the involved period of the current 
study.

Their gestational ages were equal or more than 36 weeks 
(calculated according to the last menstrual period and 
the first trimester ultrasound) and the site of placenta 
was determined by transabdominal ultrasound (TAU). 
The results of the surgery were followed up to determine 
the number of patients ended by caesarean hysterectomy 
and placenta accreta was diagnosed by histopathological 
examination.

Patients were divided into 3 groups as follows: 
•	 Control group: Thirty pregnant women with the 

normally located placenta on TAU; 
•	 Placenta previa group: Thirty pregnant women with 

placenta previa but no evidence of accreta on TAU; 
•	 Placenta accreta group: Thirty pregnant women with 

placenta previa and the signs of accreta on TAU. 
The exclusion criteria included: 1. Pregnant women 

with medical diseases like hypertension in pregnancy; 
2. Pregnant women with Down syndrome fetuses; 3. 
Pregnant women with multiple pregnancies.

Five milliliters of the entire peripheral blood was 
collected by venipuncture for all groups in a tube and 
left to clot for 30 minutes. Then, it was centrifuged (for 
10 minutes) at a rate of 3000 cycles per minute, followed 
by collecting and freezing the serum at -20°C. Sera 
were assayed using the hCG ELISA kit (Gen Asia) and 
human H-HCG ELISA kit (GenAsia) according to the 
manufacturers’ instructions. 

Statistical Analyses
Discrete variables were presented using their numbers and 
the percentages were used to present data. In addition, the 
chi-square and Fisher exact tests were applied to analyze 
the discrete variable and the distribution between the two 
groups, respectively. Further, one-way ANOVA analyzed 
the differences between more than two groups if they 
followed a normal distribution with no significant outlier. 
Moreover, the Mann-Whitney U test was performed to 
analyze the differences in the median of the two groups if 
they did not follow normal distribution while the Kruskal-
Wallis test was in the field for more than two groups. 
Furthermore, the linear regression analysis was carried 

out to assess the relationship between different variables 
and Person regression or Spearman correlation was 
implemented if one or both of them followed a normal 
distribution or if both of them did not follow a normal 
distribution, respectively. The scatter plots presented 
the regression analysis, as r (correlation coefficient or 
standardized beta) is a representative of magnitude and 
direction of the relationship), where r<0.25, 0.25-0.5, 0.5-
0.75, and >0.75 were considered as weak, mild, moderate, 
and assumed to have a strong correlation, respectively. 
A negative sign indicated an inverse relationship, but a 
positive sign reflected a direct relationship. 

The receiver operator curve (ROC) was used to check 
the validity of different parameters in separating cases with 
accreta from the normal (control) group. The area under 
the curve (AUC) and its P value prescribed this validity 
(AUC ≥0.9, 0.8-0.89, and 0.7-0.79 indicated excellent, 
good, and fair tests, respectively, and otherwise it was 
unacceptable). Curve calculations were done through the 
Trapezoidal method. The true positive rate (sensitivity) 
was plotted in the function of the false positive rate 
(100- specificity) for different cut-off points within the 
ROC curve. Each point on the ROC curve represented a 
sensitivity/specificity pair corresponding to a particular 
decision threshold. A test with perfect discrimination (no 
overlap in the two distributions) had a ROC curve that 
passed through the upper left corner (100% sensitivity 
and 100% specificity). Therefore, the closer was the ROC 
curve to the upper left corner, the higher was the overall 
accuracy of the test. A cut-off value with a high sensitivity 
would be selected when the test was used to screen or 
exclude a diagnostic possibility while a higher specificity 
would be required when that test was used to confirm 
disease. 

Finally, SPSS 20 (Statistical Package for the Social 
Sciences), Minitab 17.1.0, and GraphPad Prism 7.0 
software were used to perform the statistical analysis and 
P ≤ 0.05 was considered statistically significant.

Results
Both gestational and maternal ages for all three groups 
were not statistically significant. However, parity was 
significantly higher in both previa and accreta compared 
to the control group, but no significant difference was 
found between previa and accreta (Table 1).

Patients with accreta had higher HCG levels compared 
to previa and control categories although no statistical 
significance was observed between all 3 groups. Based on 
the results, patients with placenta previa and patients with 
placenta accreta had significantly higher levels of HCG-H 
in comparison to the control group, but no significant 
difference was detected regarding placenta previa and 
placenta accreta groups. The results further demonstrated 
that patients with accreta had a statistically significantly 
higher median HCG-H% levels compared to the control 
group. In addition, those with previa did the same. Despite 
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the fact that accreta had higher HCG-H% levels compared 
to previa, there was no statistical difference between the 
two groups in this regard. The related data are provided 
in Table 2.

Post Hoc Analysis 
HCG-H: Control versus previa and control versus accreta 
<0.001 and previa versus accreta 0.054.

HCG-H%: Control versus previa and control versus 
accreta <0.001, along with previa versus accreta 0.156.

Women with high HCG levels were found only in 
the accreta group (10%), but these results could not 
touch a statistical difference while there were significant 
differences regarding accreta results related to HCGH and 
HCG-H: HCG%, the details of which are shown in Table 3.

There was a significant correlation between HCG and 
HCG-H only in previa and accreta groups, where it was 
stronger in accreta patients since the correlation coefficient 
was higher in this group. Conversely, the control group 
did not show any association between HCG and HCG-H 
(Table 4).

Table 5 demonstrates data on the failure of any 
statistically considered difference between HCG and 
HCG-H for all the three groups of sample patients. 
Nevertheless, higher relationships were documented in 

previa and accreta women.
By using the receiver operating characteristic curve, 

the AUC was 0.845 while a 95% coefficient interval was 
0.753-0.912 and P < 0.001. HCG-H could significantly 
discriminate between accreta and control patients at 
an optimal cut point of >3 with 90% specificity, 76.7% 
sensitivity, and 81.1% overall diagnostic accuracy, 
assuming that positive and negative predictive values were 
93.9%, and 65.9%, respectively.

Discussion
A strictly regulated process of a normally implanted 
placenta should take place to have a successful pregnancy, 
which needs a huge number of cytokines, steroids, 
prostaglandins, immunologic mediators, and other factors 
for such successful implantation (17,18). In this study, 
HCG-H was studied using a novel approach in order to 
elucidate its association with placenta accreta and previa, 
which were proven after cesarean delivery). The result 
revealed a significant elevation of HCG-H in patients with 
accreta compared to normal pregnancy while for the same 
patients’ sample, the total HCG levels were not significant. 
Both Kovalevskaya et al (19), and Cole (20) studied the 
changes in the serum HCG-H and its proportion to the 
total HCG throughout a normal pregnancy and noted a 

Table 1. Maternal Characteristics

Variable Control Previa Accreta P Value

Maternal age (years), mean ± SD 24.9 ± 4.2 24.5 ± 5.3 26.8 ± 4.7 0.131

Gestational age (weeks), mean ± SD 37.5 ± 1.2 37.4 ± 1.1 37.7 ± 1.3 0.552

Parity, median (IQR) 1 (1-2.3) 2.5 (1.8-4) 3 (2-3.3) <0.001

Note. SD: Standard deviation; IQR: Interquartile range (25% of the data to 75% of the data).

Table 2. Analysis of Serum HCG Levels Divided by Groups

HCG Type Control Previa Accreta P Value

HCG
Median (IQR) 95.0 (74.8-192.5) 104.2 (80.0-191.0) 165.0 (86.0-254.7)

0.130
Range 2.4-255.0 10-221.7 30.0-500.0

HCG-H
Median (IQR) 0.84 (0.58-1.55) 6.2 (1.57-26.25) 25.3 (15.03-34.0)

<0.001
Range 0.05-22.5 0.05-100 0.05-100

HCG-H: HCG%
Median (IQR) 0.79 (0.55-1.37) 6.25 (1.77-22.84) 14.95 (10.0-20.0)

<0.001
Range 0.11-50.0 0.45-61.5 0.08-37.5

Note. IQR: interquartile range; HCG: human chorionic gonadotropin; HCG-H: hyperglycosylated human chorionic gonadotropin.

Table 3. Details of Serum HCG Values for Each Group

HCG Type Control
No. (%)

Previa
No. (%)

Accreta
No. (%) P value

HCG
Normal 30 (100%) 30 (100%) 27 (90%)

0.0449
High 0 (0) 0 (0) 3 (10)

HCGH
Normal 28 (93.3%) 17 (56.7%) 10 (33.3%)

<0.001
High 2 (6.7%) 13 (43.3%) 20 (66.7%)

HCG-H: HCG%
Low 26 (86.7%) 9 (30%) 4 (13.3%)

<0.001Normal 1 (3.3%) 5 (16.7%) 2 (6.7%)
High 3 (10%) 16 (53.3%) 24 (80%)

Note. HCG: human chorionic gonadotropin; HCG-H: hyperglycosylated human chorionic gonadotropin.
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rapid decline in this proportion across gestation with the 
following pattern. 

At blastocyst implantation and the time of missed 
menses it was 94% and 68%, respectively. After 5, 6, and 
7-12 weeks of pregnancy, it was 50%, 25%, and 10%, and 
during the rest of a balanced normal pregnancy, it was less 
than 2%. They reported that this decline was caused by 
the differentiation of 2 to 4 nucleus syncytiotrophoblast 
cells into 20 to 30 nucleus cells with limited cytoplasm and 
endoplasmic reticulum for making proteins. In our study, 
80% of accreta patients had an elevated HCG-H proportion 
indicating dysregulation in the natural declining process 
of HCG-H in pregnant women with placenta accreta, 
which could be attributed to the biological role of HCG-H 
in promoting implementation.

It is evidently known that HCG-H acts to promote the 
invasion of the myometrium and other tissues in patients 
with choriocarcinoma (a trophoblastic disease) since 
it is the principle HCG variant that is produced in the 
cells of choriocarcinoma (21,22). It was theorized that 
the increase in the serum HCG-H might be produced by 
invasive placental tissues. This makes cytotrophoblast and 
extravillous cytotrophoblast cells to continue the secretion 
of HCG-H and a consequent result of cytotrophoblast cell 
growth, and myometrium tissue invasion or even deeper 
tissue infiltration in increta and percreta cases could be 
observed since these autocrine properties of HCG-H 
would promote its own production.

The findings of this study revealed that HCG-H was 
positively and strongly correlated with placenta accreta 
and previa. However, it was stronger (statistically 
significant) in the placenta accreta while this relationship 
did not exist in normal pregnant women. Accordingly, this 
may consolidate our conclusion of such a disproportional 
increase in HCG-H in accreta patients.

These observations may put this study in a unique 
position as the first reported article that recognized 
HCG-H as a diagnostic test for predicting placenta accreta. 

With a cut point of the HCG-H level of more than 3 IU/L 
(international unit per liter), we were 90% specific, 76.7% 
sensitive, and 81.1% accurate to diagnose placenta accreta. 
Only a recently published paper (12), stated that HCG-H 
levels were lower in placenta accreta gravidas compared 
to the controls during the 2nd and 3rd trimesters of 
pregnancy. Related data were collected retrospectively 
and the researchers confirmed their findings regarding 
lower HCG-H levels due to weak implantation over 
abnormal decidua. In fact, it is well known that poor 
trophoblastic implantation is associated with higher rates 
of preeclampsia rather than placenta accreta (23,24).

The high specificity of the test could pave the way to 
consider it as a possibly reliable single diagnostic test 
for confirming placenta accreta in the clinical setting. 
Further, considering its high positive predictive value 
(93.9%) in our patients’ data, the HCG-H test may be 
considered as a suitable tool to be added to the established 
algorithm of accreta confirmation when there is a high 
suspicion or insufficient evidence to diagnose placenta 
accreta, including patients with high risk (as in women 
with placenta previa and a previous history of cesarean 
delivery) or those with placental positions away from 
lower uterine area.
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