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 Over the last 40 years, rate of cesarean delivery has risen from less than 

10% to over 30% around the world, and almost simultaneously a 10-fold 

raise in the incidence of placenta accrete spectrum. Fine coordination 

among vascular endothelial growth factor, soluble fms-like tyrosine kinase 

1 and placental growth factor is important for normal placental 

development and trophoblast invasion. To measure and compare the levels 

of circulating vascular endothelial growth factor, placental growth factor 

and soluble fms-like tyrosine kinase 1 in pregnant women with placenta 

accreta to a control group. A case control study which involved one hundred 

pregnant females were recruited from the Obstetric ward in Baghdad 

Teaching Hospital who were pregnant with 28 weeks of gestation or more, 

through the period from October 2018 to June 2019. Fifty patients were 

chosen with placenta accreta that ended with caesarean section 

hysterectomy and the other fifty patients were with normal placental 

location as a control. Means of VEGF, PlGF, and sFlt-1 were significantly 

lower among case group than that in controls. Cut point of VEGF level was 

111.83 ng/L, of PlGF level was 23.29 ng/L, and of sFlt-1 was 5.32 ng/ml; 

so VEGF level < 111.83 ng/L, PlGF level < 23.29 ng/L, and sFlt-1 level < 

5.32 ng/ml are predictors for risk of placenta accrete. No statistical 

significant correlations between markers’ level and all characteristics. 

Angiogenic and anti-angiogenic markers may have a role in the 

development of placenta accreta spectrum. VEGF, PIGF and sFlt-1 are 

decreased in patients with placenta accreta. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Placenta accrete (PA) is a serious pregnancy condition that can develop when all or part of the placenta 

adheres to the uterine wall [1]. Over the last 40 years, the rate of cesarean delivery (C/S) have risen from less 

than 10% to over 30% around the world, and almost simultaneously a 10-fold raise in the incidence of placenta 

accrete spectrum (PAS) [2]. Studies estimated that morbidly adherent placenta frequency has changed from 

3% in women with one C/S to 60% in women with three previous C/S [3]. PA is now almost an entirely 

iatrogenic condition which is the leading cause of peripartum hysterectomy, maternal morbidity and even 

mortality. Any attempt to manually remove a PAS disorder provokes heavy bleeding and is associated with 

increased maternal morbidity and mortality [4]. Antenatal diagnosis of PAS is very important because 
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outcomes are optimized when delivery occurs at tertiary care center before the onset of bleeding or labor [5]. 

In normal pregnancy, development of the vascular system is essential for providing the embryo and fetus with 

an adequate supply of nutrients and oxygen. A variety of regulatory molecules play functional roles in 

controlling the process of trophoblast invasion. These include vasoactive and cell surface proteins, proteases, 

cytokines, chemokines and growth factors [6]. There is general consensus that the process of normal 

trophoblast invasion and placentation requires fine coordination among Vascular Endothelial growth factor 

(VEGF), Placental growth factor (PlGF) and Soluble fms-like tyrosine kinase-1 (sFlt-1) and that oxygen 

tension has a key role in regulating their expression [7]. Vascularization of the placental villi starts on the 

21st day of conception. Certain cytokines, vasoactive proteins, proteases and growth factors contribute to this 

process. In particular, fine coordination among VEGF, sFlt-1 and PlGF is important for normal placental 

development and trophoblast invasion [8]. Soluble endoglin and sFlt-1 irreversibly prevent PlGF and VEGF, 

affecting their endothelial cell receptors, so that exhibit antiangiogenic effect which leads to endothelial 

dysfunction [9]. In the majority of PAS cases, there is extensive neovascularization. There is upregulation of 

a number of angiogenic growth factors, including VEGF and angioprotien-2 (Ang-2) [10]. In comparison to 

normal placenta, the syncytiotrophoblastic cell from PAS show a reduced expression of antiangiogenic 

proteins such as VEGF receptor-2, endothelial cell tyrosine kinase receptor Tie-2, and sFlt-1 especially in 

increta and percreta [11]. The aim of this study is to measure and compare the levels of circulating VEGF, 

PlGF, and sFlt-1 in pregnant women with PA to a control group. 

 

2. Patients and Methods 

Study design, setting, and time: This was a case control study conducted in the Obstetric ward of Baghdad 

Teaching Hospital, Medical City Complex, Baghdad, Iraq during a period of nine months from October 2018 

to June 2019.  

 

Study Population and sample size: The study included 100 pregnant women, ≥ 28 weeks of gestation and 

selected from the Obstetric ward. All patients signed an informed consent that allows us to review their 

medical records for research purposes as long as the patient anonymity and confidentiality of their medical 

records are maintained. They were divided into two groups: 

• Case group: Included 50 pregnant women diagnosed with PA by Doppler ultrasound (U/S) with or 

without MRI study. The sensitivity and specificity of second- and third-trimester U/S for the identification of 

morbidity adherent placenta has been reported to be as high as approximately 80 - 90% [12]. The ultimate 

diagnosis of PA was done by histopathology examination for the hysterectomized uterus and placenta. The 

samples were examined by a specialist pathologist in the Teaching Laboratories in Medical City Hospital. 

Some of the patients were emergency cases either have uterine contractions or vaginal bleeding or both and 

some had elective C/S. All of them were ended with hysterectomy. 

• Control group: Included 50 pregnant women were with normal placental location by U/S matched in 

age and gestational age with case group. Some of them were subjected for term elective C/S and the others 

were in labor having uterine contraction and subjected for emergency C/S. 

Patients with hypertension, diabetes mellitus and other chronic and inflammatory diseases were excluded 

from this study. Gestational age (GA) was calculated at the time of presentation according to first day of last 

menstrual period and confirmed by early abdominal U/S examination. 

 

Data collection and workup: A full history and clinical examination were done to both groups. Measurement 

of weight (Kg), height (m) to calculate the BMI which expressed in units of kg/m2. Doppler U/S was done 

for all patients in the Radiology Department in Baghdad Teaching Hospital which was done by an experienced 

specialists doctor, but they were not examined by the same sonographer doctor. The U/S machine was HD 

11X Phillips GE volusn 6 using Doppler study with convex transducer of 3-9MHz. Only four patients did 
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MRI to confirm the diagnoses of PA in the Radiology Department by a specialist radiologist in Baghdad 

Teaching Hospital by different specialist doctors. Most of the patients were reluctant to do MRI because of 

fear. 

 

Venous blood samples 5 ml were retrieved from all patients. Blood collection was done before the C/S 

operation. Serum samples were centrifuged and spun at 4000xg for 10 minutes and the supernatant was 

extracted and stored at -20 °C until VEGF, PlGF and sFlt-1 levels were measured using specific 

immunoassays. For each patient, measurement of VEGF, PlGF, and sFlt-1 was done using ELIZA Kits and 

the kits were manufactured by Shanghai Yuhua, Biological technology CO. Ltd, / China. The detection range 

of VEGF is 20 – 6000 ng/L, of PIGF is 5 - 1500 ng/L, and of sFlt-1 is 0.156 - 10 ng/ml. 

 

Statistical analysis: The data analyzed using Statistical Package for Social Sciences (SPSS) version 26. The 

data presented as mean, standard deviation and ranges. Categorical data presented by frequencies and 

percentages. Independent t-test (two tailed) was used to compare the continuous variables accordingly. 

Receiver operating characteristic (ROC) curve analysis was used for prediction of VEGF, PlGF, and sFlt-1 

as predictors of PA. Pearson’s correlation test (r) was used to assess correlation between continuous variables 

accordingly. A level of P – value less than 0.05 was considered significant. 

 

3. Results 

In this study, patients’ age was ranging from 23 to 42 years with a mean of 30.91 ± 6.82 years. The highest 

proportion of study patients in case and control groups was aged between 30 - 39 years (64% and 62% 

respectively). Regarding BMI, the highest proportion of study patients in case and control groups were 

overweighed (82% and 78% respectively). In comparison between study group, there were no significant 

differences (P ≥ 0.05) in age, BMI, GA, parity, number of previous C/S, and abortion between study groups 

as shown in table (1). 

 

Table 1: Comparison between study groups by general characteristics 

General Characteristics 

Study Group 

P - Value Case Group 

Mean ± SD 

Control Group 

Mean ± SD 

Age (Years) 30.91 ± 6.82 29.53 ± 7.29 0.316 

BMI (Kg/m
2
) 27.03 ± 7.82 26.45 ± 6.29 0.698 

GA (Weeks) 34.1 ± 3.5 35.4 ± 3.9 0.082 

Parity 3.58 ± 1.7 3.31 ± 1.4 0.389 

No. of previous C/S 3.0 ± 1.6 2.6 ± 1.2 0.161 

Abortion 0.58 ± 0.85 0.51 ± 0.72 0.657 

 

Means of VEGF, PlGF, and sFlt-1 were significantly lower among case group than that in controls (82.38 

versus 174.37 ng/L, P= 0.001, 16.68 versus 29.96 ng/L, P= 0.001; and 3.46 versus 7.42 ng/ml, P= 0.001 

respectively) as shown in table (2). 

 

Table 2: Comparison between study groups by biomarkers 

Biomarker  

Study Group 

P - Value Case Group 

Mean ± SD 

Control Group 

Mean ± SD 

VEGF (ng/L) 82.38 ± 46.81 174.37 ± 58.55 0.001 
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Receiver operating characteristic (ROC) curve analysis was constructed for VEGF, PlGF, and sFlt-1 levels 

as a predictor for diagnosis of PA. As shown in table (3) and figures (1, 2, and 3), the cut point of VEGF level 

was 111.83 ng/L, of PlGF level was 23.29 ng/L, and of sFlt-1 was 5.32 ng/ml; so VEGF level < 111.83 ng/L, 

PlGF level < 23.29 ng/L, and sFlt-1 level < 5.32 ng/ml are predictors for risk of PA as a large significant area 

under the curve (AUC= 92%) indicating significant association between lower value of VEGF level and 

higher prediction of PA. 

 

VEGF level was 88% sensitive, 90% specific, and 89% accurate, PlGF level was 98% sensitive, 100% 

specific, and 99% accurate, and sFlt-1 level was 98% sensitive, 100% specific, and 98% accurate as markers 

for prediction of PA. 

 

 
Figure 1: ROC curve for VEGF level as a predictor for diagnosis of PA 

 

 
Figure 2: ROC curve for PlGF level as a predictor for diagnosis of PA 
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PlGF (ng/L) 16.68 ± 3.4 29.96 ± 2.5 0.001 

sFlt-1 (ng/ml) 3.46 ± 0.94 7.42 ± 0.95 0.001 
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Figure 3: ROC curve for sFlt-1 level as a predictor for diagnosis of PA 

 

Table 3: Diagnostic accuracy for prediction of PA 

Biomarker Cut-off 

value 

Sensitivity Specificit

y 

PPV NPV Accurac

y 

VEGF (ng/L) 111.83 88% 90% 89.8% 88.2% 89% 

PlGF (ng/L) 23.29 98% 100% 100% 98.2% 99% 

sFlt-1 

(ng/ml) 

5.32 98% 100% 98% 98% 98% 

 

No statistical significant correlations (P ≥ 0.05) between markers’ level and all characteristics as shown in 

table (4). 

 

Table 4: Correlation between biomarkers and certain characteristics 

Variable 
VEGF Level PlGF Level sFlt-1 Level 

r P - 

Value 

r P - 

Value 

r P - 

Value 

Age (Year) - 0.202 0.159 - 0.003 0.981 0.076 0.6 

GA (Week) - 0.223 0.119 - 0.206 0.152 - 0.056 0.701 

Parity - 0.172 0.232 - 0.053 0.713 - 0.09 0.534 

Previous 

C/S 

- 0.164 0.821 - 0.02 0.235 0.032 0.620 

BMI (kg/m
2
) - 0.112 0.648 0.104 0.622 0.006 0.09 

Abortion - 0.201 0.152 0.201 0.782 - 0.412 0.2 

 

4. Discussion 

Many cases of PA are not diagnosed antenatally, despite identified risk factors and improved imaging 

methods. Identification of angiogenic growth factors could improve the antenatal diagnosis of PA [13]. 

Advanced prediction of PA is important to optimize outcomes through scheduled preterm delivery in a tertiary 

care center [14], [15]. In this study, means of VEGF, PlGF, and sFlt-1 were significantly lower among case 

group than that in controls and VEGF level < 111.83 ng/L, PlGF level < 23.29 ng/L, and sFlt-1 level < 5.32 

ng/ml are predictors for risk of PA. This results agreed with results found in study in 2011 when showed that 

women with aberrant placental invasion of the myometrium had significantly lower serum VEGF levels 

compared to their matched control group. This is due to the excessive invasion of the myometrium could 

facilitate the local accumulation of VEGF and this lead to a significant decrease in the maternal circulatory 

levels of this angiogenic factor [16]. A study done by disagreed with our results when reported comparable 

serum levels of VEGF, PlGF, and sFlt-1 in patients with placental abnormality and control groups [17]. 
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Accumulating evidence indicates that a variety of angiogenic (VEGF and PlGF) and anti-angiogenic factors 

sFlt1 are increased by the developing placenta, and the balance among these factors is crucial for normal 

placentation. Local oxygen concentrations are thought to be critically involved in both VEGF expression and 

EVT proliferation. Hypoxia stimulates VEGF mRNA expression and EVT proliferation, while normal oxygen 

tension has an inhibitory activity [18]. In patients with recurrent C/S where there is multiple fibroses scar 

tissue which regarded as hypoxic/ischemic regions of pathologic placentas, the expression of VEGF R-2 and 

VEGF is increased within the villouse vessels through paracrine regulation while the expression of VEGF R-

1 and PIGF is enhanced in villous trophoblast via autocrine regulation [19]. Furthermore, the appearance of 

intra-placental sono-lucent spaces (lakes or lacunae) in sonography is a frequent finding in cases of suspected 

PAS. The pathophysiology behind the occurrence of placental lakes is unknown, but such findings suggest 

an aberrant vascular remodeling pattern [16]. Observed prominent VEGF staining in the vascular lacunae of 

the patients with placenta Previa /accrete. A similar finding was not encountered in the placental biopsies of 

normally invaded basal plates [20]. 

 

Another scenario is that sFlt-1 might antagonize the activity of VEGF and PlGF by binding with them leading 

to decrease in their circulatory levels [21]. A study by [22] showed that patients with PA has noted increased 

VEGF expression. However, this study did not measurer the maternal circulatory levels of VEGF. 

Furthermore, study patients delivered in the 2nd trimester as well as those with co-morbidities [22]. Found 

that women with placenta Previa had significantly lower preoperative sFlt-1 levels and significantly higher 

postoperative sFlt-1 levels than the control group. Although these results suggest that disruption of sFlt-1 

production might play a crucial role in the development of placenta previa, the result is inconclusive because 

of the low sample size [3]. Additionally, study found lower levels of sFlt-1 protein expression in hysterectomy 

specimens associated with morbidly adherent placenta, suggesting that sFlt-1 plays a critical functional role 

in the regulation of placental invasion [10]. In conclusion, angiogenic and antiangiogenic markers play a role 

in the development of PA. VEGF, PIGF and sFlt-1 are decreased in patients with PA. 
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