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ABSTRACT
The incidence of placenta accreta is rising, primarily due to the 
increase in cesarean section rates. The prenatal diagnosis of 
placenta accretas has been shown to decrease the amount of 
blood loss and complications. Real-time ultrasound is helpful for 
diagnosing placenta accreta, and magnetic resonance imaging 
(MRI) can increase the sensitivity of prenatal diagnosis. Postpar-
tum hysterectomy for placenta accreta has been the standard 
of therapy for placenta accreta, but conservative management 
including uterine artery embolization, and leaving the placenta 
in situ may be considered in patients who want to preserve their 
fertility. The etiology of placenta accreta is due to a deficiency of 
maternal decidua, resulting in placenta invasion into the uterine 
myometrium. The molecular basis is yet to be elucidated, but 
it probably involves abnormal paracrine or autocrine signaling 
between the deficient maternal decidua and the invading pla-
centa trophoblastic tissue.
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INTRODUCTION

There have been tremendous strides made in prenatal 
care in the last century in the developed world. In the 
United Kingdom, maternal mortality decreased from 
319 per 100,000 live births in 1936 to 15 per 100,000 live 
births in 1985.1 In 1999, the maternal mortality rate was 
13.2/100,000 live births. The decline in maternal mortality 
has been attributed to a shift to delivering in hospitals, 
antibiotics, improvements in anesthesia, improvements 
in blood transfusions and blood products, and access to 
safe and legal abortion services (Graph 1).
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Despite these improvements, hemorrhage continues 
to be the second most common cause of pregnancy- 
related mortality in the United States (Graph 2).2

Placenta accretas is a leading cause of postpartum 
hemorrhage and indication for a gravid hysterectomy.3  
Traditionally, abnormal placentation has been classi-
fied into placenta accreta, placenta increta, and placenta  
percreta based on the depth of myometrial invasion: 
Super ficial, deep, and through the uterine serosa respec-
tively. The greater the invasion, the greater the risks  
for hemorrhage and maternal morbidity and mortality.4 
There has been a substantial increase in the occurrence 

Graph 1: Maternal mortality per 100,000 live births  
from 1967 to 1995

Graph 2: Pregnancy related mortality in the  
United States, 1991 to 1997
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of placenta accreta in the last 50 years. It is estimated that 
there has been a tenfold increase in the rate to around 
1:2,500 deliveries.5 Warshak et al6 performed a retrospec-
tive of all pathologically confirmed placenta accretas at 
the University of California-San Diego Medical Center 
from 1990 to 2008 and noted a steady increase in the inci-
dence of abnormal placentation during this time period 
(Graph 3).

Wu et al7 looked at 20 years of deliveries (64,359 
patients) at the University of Chicago. Using histopatho-
logical or strong clinical criteria, they calculated an overall 
incidence of placenta accreta in 1/533 pregnancies. Miller  
et al8 performed a retrospective analysis of 62 cases of  
abnormal placentation on cesarean hysterectomy speci-
mens and confirmed that 75% were placenta accreta, 18% 
were placenta increta, and 7% were placenta percreta  
(Fig. 1). There are no studies directly comparing outcomes 
with the depth of uterine invasion, but it is assumed that 
surgical morbidity is related to the depth of uterine inva-
sion. Zaideh et al9 obtained similar percentages in their 
retrospective review of abnormal placentation.

Risk Factors for Placenta Accreta

The most important risk factor for the development of 
placenta accreta are a prior cesarean delivery and placenta 
previa in the index pregnancy.3 All invasive procedures 
on the uterus or the uterine cavity have been associated 
with the subsequent development of placenta accreta. 
This includes uterine curettage, hysteroscopic surgery, 
endometrial ablation, uterine artery embolization, and 
myomectomy. Maternal age is also an independent risk 
factor for placenta accreta.

The largest prospective study to look at placenta 
accretas was performed by the maternal-fetal medicine 
unit (MFMU) network.10 This study found that abnormal 

Table 1: Risk of abnormal placentation and need for 
C-hysterectomy by number of previous cesareans

Cesarean delivery Abnormal placentation, % C-hysterectomy
First 0.2 –
Second 0.3 0.7
Third 0.6 1.4
Fourth 2.1 3.8
Fifth 2.3 5.6
≥ Sixth 6.7 15.2

Table 2: Risk of placenta accreta with placenta previa by 
number of cesarean deliveries

Cesarean delivery Previa–accreta, %
First 3.3
Second 11.0
Third 40.0
Fourth 61.0
Fifth 67.0
≥ Sixth 67.0

Graph 3: Incidence of placenta accreta at UCSD from  
1990 to 2009

Fig. 1: Placenta accreta implantation sites

implantation increased with each cesarean delivery and 
increased substantially after the third cesarean (Table 1). 
The risks of a concomitant cesarean hysterectomy also 
increased with the diagnosis of placenta accreta (Table 2).

The risk of placenta accreta was markedly increased 
with previous cesarean deliveries in the presence of a 
placenta previa

Diagnosis

Grayscale Ultrasound

Transabdominal ultrasound is the most common method 
for the initial diagnosis of placenta accreta. In the first 
trimester, however, transvaginal ultrasound allows for 
a more detailed assessment of a placenta’s invasiveness. 
Comstock et al11 performed a retrospective review of 
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first-trimester ultrasounds transvaginally and found 
seven women who were later found to have a placenta 
accreta (Figs 2 and 3). Six of these women were found to 
have a low-lying placenta, four of which were abnormally 
attached to a prior uterine cesarean scar. 

Comstock et al12 performed the largest prospective 
study of grayscale ultrasound for the diagnosis of abnor-
mal placentation. Over 163,000 patients were scanned 
over a 12-year period, and 2002 had the dual risk factors 
of a placenta previa or low-lying placenta with a history of  
a prior cesarean delivery. Thirty-three of these patients 
had ultrasound findings suspicious for a placenta accreta. 
These included interruption of the echogenic line at the 
uterine bladder interface (Fig. 4), placental lacunae (Fig. 5)  
and obliteration of echolucent area between the uterus 
and placenta (Fig. 6).

Using these criteria, an ultrasound was labeled 
positive if any of these criteria were found on at least 
one ultrasound (Table 3). The sensitivity of ultrasound 
was 100%, with the presence of placental lacunae having 

the highest sensitivity (93%). A total of 86% of patients 
had abnormal findings between 15 and 20 weeks, which 
suggest that the diagnosis can be made at the routine  
anatomic scan. These findings did not differentiate 

Fig. 2: Normal first-trimester gestational sac

Fig. 3: Placenta percreta diagnosed in the first trimester Fig. 4: Interruption of the echogenic line at the  
uterine bladder interface

Fig. 5: Placental lacunae Fig. 6: Obliteration of echolucent area between the  
uterus and placenta
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between patients with varying degrees of invasion (i.e., 
accreta vs increta vs percreta).

Three-dimensional (3D) and Color  
Doppler Sonography

Three-dimensional ultrasound combined with color 
flow or power Doppler has been used in the antenatal 
diagnosis of placenta accretas. Twickler et al13 evaluated 
20 out of 215 women who had a prior cesarean delivery 
and placenta accreta using color flow mapping. Fifteen 
of these women had cesarean hysterectomies, and nine 
were found to have placenta accretas. The measurement 
of <1 mm for the smallest myometrial thickness or the 
presence of large intraplacental lakes was 100% sensitivity 
in predicting myometrial invasion (specificity 72%, PPV 
72%, negative predictive value (NPV) 100%).

Shin et al14 analyzed a total of 170 women, 39 of whom 
had confirmed placenta accretas at the time of cesarean 
delivery. Three-dimensional power Doppler was used to 

assure uteroplacental neovascularization and to depict 
the abnormal angioarchitecture (Fig. 7). The diagnosis of 
placenta accreta was regarded as positive if at least one 
of the following 3D power Doppler criteria was seen on 
intraplacental hypervascularity; inseparable cotyledonal 
and intervillous circulation; tortuous vascularity with 
“chaotic branching” seen on lateral views or numerous 
coherent vessels involving the serosa–bladder interface 
seen on a basal view.

Using receiver operative curves, Shih et al showed that 
the basal view was the best single criterion for the diag-
nosis of placenta accreta with a sensitivity of 97% and a  
specificity of 92%. Using color Doppler criteria, Chou et al15  
defined five findings that could be considered sugges-
tive of placenta accreta. These were: (1) Dilated vascular 
channels with diffuse lacunar flow, (2) irregular vascu-
lar lakes with focal lacunar flow, (3) hypervascularity 
linking placenta to bladder, (4) dilated vascular channels 
with pulsatile venous flow over the cervix, and (5) poor 
vascularity at sites of loss of the hypoechoic zone. The 
sensitivity of color Doppler imaging in diagnosing pla-
centa accretas was 82.4%, and the specificity was 96.8%.

Proponents of color Doppler imaging suggest that the 
technique aids in the abnormal placentation because it 
can highlight areas of increased vascularity with dilated 
blood vessels that cross the placenta and uterine wall. 
Using transabdominal, transvaginal, power Doppler, and 
magnetic resonance imaging (MRI), Levine et al16 found 
that power Doppler and MRI offered no increased sensi-
tivity in the diagnosis of placenta accreta in a small series 
of 19 patients suspected of having abnormal placentation. 

Table 3: Sensitivity and positive predictive value (PPV) of 
sonographic diagnostic criteria for placenta accreta at 15 to  
40 weeks

Diagnostic criteria
Sensitivity PPV

n/N % n/N %
Any criteria 15/15 100 15/31 48
≥ 2 criteria 12/15 80 12/14 86
Lacunae 14/15 93 14/15 93
Clear space (isolated) 1/15 7 1/17 6
Clear space (with other) 11/15 73 11/13 85
Bladder serosa 3/15 20 3/4 75
Source: Comstock 2004

Fig. 7: Three-dimensional color power Doppler of placenta accreta
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They did note that MRI was helpful in diagnosing poste-
rior placenta accretas and concluded that MRI should be 
reserved for those with a placenta, i.e., difficult to evaluate 
with ultrasound. 

Magnetic Resonance Imaging

Ultrasound is the primary modality in the evaluation of 
placenta accreta, but the use of MRI has increased over the 
last few years as a technique to diagnose and character-
ize abnormal placentation. Magnetic resonance imaging 
may be helpful when the placenta is difficult to visualize 
by ultrasound because of body habitus or if the placenta 
is implanted posteriorly. The technique also provides 
greater soft tissue contrast and a larger field of view than 
can ultrasound.3 In addition, MRI can also be useful in 
cases requiring the assessment of bladder involvement 
or when ultrasound findings are ambiguous. 

One of the first studies to analyze features of pla-
cental invasion by MRI was performed by Lax et al.17 It 
was a retrospective review of 20 prenatal MRI studies  
(10 cases, 10 controls). Three MRI findings were found 
with abnormal placentation: (1) Abnormal uterine 
bulging, (2) heterogeneity of signal intensity within the 
body of the placenta, and (3) the presence of dark intra-
placental bands on T2-weighted images. Warshak et al18 
performed a historical cohort study on 453 women with 
risk factors for placenta accreta, 39 of whom were found 
to have pathologically confirmed placenta accreta. They 
found that ultrasound correctly predicted accreta in 30/39 
and ruled out accreta in 398/414 women for a sensitiv-
ity of 77% and a specificity of 96%. Magnetic resonance 
imaging was used when ultrasound findings were suspi-
cious or inconclusive. Forty-two women underwent MRI, 
and this technique correctly diagnosed placenta accreta 
in 23/26 cases and ruled out accretas in 12/14 patients 
for a sensitivity of 88% and a specificity of 100%. First, 
they suggest a two-stage protocol in evaluating a patient 
at risk of abnormal placentation using ultrasonography 
and then MRI for cases that are inconclusive. Dwyer  
et al19 directly compared the sensitivity and specificity 
of ultrasound vs MRI and found both to be comparable. 
Ultrasound had sensitivity of 93% and specificity of 73% 
for diagnosing accreta, whereas MRI had a sensitivity of 
80% and a specificity of 65%. In 7 of 32 cases, there was 
a discordant diagnosis. Sonography was correct in 5 and 
MRI in 2 of these cases. Their conclusion was that while 
both ultrasound and MRI are sensitive to diagnosing 
abnormal placentation, the sensitivities of both methods 
are not as good as reported in other studies. Their rec-
ommendations are to use the other imaging modality if 
there is an inconclusive finding with the first technique. 

The addition of gadolinium-based contrast agents 
may improve the specificity of MRI, but this is generally 

considered controversial in pregnancy because of its 
unknown effects on the fetus.20 The material crosses the 
placenta and is excreted via the fetal kidneys into amniotic 
fluid. It is a pregnancy class C drug and the American 
College of Radiology recommends that IV gadolinium 
should be avoided in pregnancy unless the potential 
benefit justifies the potential risk to the fetus.

Biological Markers

Maternal serum alpha-fetoprotein (MSAFP), free beta hCG, 
creatine kinase: Biological markers may have the potential 
to improve the diagnostic accuracy for placenta accretas. 
Elevated MSAFP has been reported in retrospective 
studies performed by both Zelop21 and Kupferminc.22 
In both studies, none of the controls had elevations in 
MSAFP, whereas half of the accreta cohort did. Hung  
et al23 also showed that free beta-human chorionic gonad-
otropin (hCG) levels were elevated (>2.5 M.O.M) in 25% 
of patients who were eventually found to have placenta 
accretas. The breakdown of the fetal maternal placental 
barrier is the theoretic mechanism for the elevations in 
both these biological markers. Ophir et al24 published a 
case report involving two patients with placenta increta 
and percreta and found both to have elevations in  
creatine kinase. The postulated mechanism was myo-
metrial muscular damage by the invading trophoblast 
causing release of creatine kinase into the maternal 
circulation. There are currently no prospective studies 
analyzing the role of maternal serum markers and pla-
centa accretas.
Cell-free fetal deoxyribonucleic acid (DNA): Sekizawa et al25 
demonstrated higher amounts of cell-free fetal DNA in 
women with placenta accreta. Maternal blood samples 
were obtained from 20 patients. Thirteen were controls 
with male fetuses, and seven patients had placenta 
previas and risk factors for abnormal placentation. Using 
real-time qualitative polymerase chain reaction assay to 
measure fetal DNA in maternal plasma, Sekizawa showed 
that fetal DNA is increased in cases of placenta previa and 
more so with placenta accreta (Graph 4). They theorize 
that the increase is related to the invasion of trophoblasts 
into the myometrium.
Placenta messenger RNA (mRNA): Circulating cell-free 
placental mRNA can stably be isolated and quantified 
in maternal plasma.26 Miura et al had earlier demon-
strated that the levels of placental mRNA could be used 
to monitor the effect of methotrexate (MTX) treatment 
for a placenta percreta. In a small study with 24 controls 
and 4 accretas, they showed that the levels of placental 
mRNA were significantly higher in maternal plasma. 
Behery et al used placental mRNA and showed that the 
levels were significantly higher in patients with placenta 
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accreta than in those without placenta accreta.27 They 
concluded that the use of placental mRNA may increase 
the accuracy of ultrasound and color Doppler in pre natal 
prediction of placental invasiveness in patients with 
suspected accretas.

Although promising, the clinical utility of measuring 
cell-free fetal DNA or placenta mRNA in maternal blood 
remains uncertain, as does the use of other serum markers, 
such as MSAFP, free beta hCG, or creatine kinase. 

Clinical Outcomes

Abnormal placentation is associated with significant 
perinatal morbidity Table 4. Gielchinsky et al28 performed 
a case–control analysis of over 34,000 pregnancies from 
which 310 were diagnosed with placenta accreta. 

Most of the accretas in this study were diagnosed 
during labor so the higher preterm delivery rate was not 
attributed to a planned earlier delivery. In addition, the 
neonates had a lower birth weight and were at increased 

risk for small for gestational age (SGA). The authors spec-
ulate that these findings are related to the pathological 
implantation of the placenta that interferes with normal 
placental function resulting in abnormal fetal growth.

Hemorrhage is the most common complication at 
the time of delivery in a patient with placenta accreta. 
There is a potential for massive blood loss, resulting in 
consumptive coagulopathy, renal failure, acute respira-
tory distress syndrome (ARDS), need for reoperation, and 
death.3 Miller et al showed that the estimated blood loss 
exceeded 2,000 cc in 66% of their cohort, 5,000 cc in 15% 
of cases, and 10,000 cc in 6.5%.8 A total of 55% of women 
required transfusion, and 21% of the patients required 
more than 5 units of blood.

As the incidence of abnormal placentation has 
increased, placenta accreta has become one of the leading 
indications for peripartum hysterectomy.29 Glaze et al 
performed a retrospective review of over 108,000 deliv-
eries in Calgary and noted a peripartum hysterectomy 
rate of 0.8 per 1,000 deliveries. The leading indication 
for peripartum hysterectomy was atony (32 out of 87; 
37%) followed by suspected placenta accreta (29 out of 
87; 33%). A total of 53% of the patients ended up needing 
intensive care unit (ICU) admission postoperatively. 
Other well-described complications of peripartum 
hysterectomies for placenta accretas include infection, 
cystotomy, ureteral injury, and the need for reoperation 
for hemoperitoneum.8,10

Management

Prenatal Diagnosis and Timing of Delivery

The preoperative management for a patient with sus-
pected placenta accreta is crucial. The predelivery diag-
nosis is associated with decreased maternal hemorrhagic 
morbidity. Warshak et al identified 99 women with pla-
centa accreta in their cohort, 62 of whom were diagnosed 
predelivery, and 37 of whom were diagnosed intrapar-
tum. The prenatally diagnosed group received fewer units 
of packed red blood cells (PRBCs) (4.7 units compared 
with 6.9) and had a lower estimated blood loss (2,344 cc vs 
2,951 cc). The prenatally diagnosed group was delivered 
electively at 34 and 35 weeks to reduce the morbidity 
associated with emergent hysterectomy. This practice was 
associated and was not associated with increased neona-
tal morbidity (neonatal ICU length of stay, ARDS, need 
for surfactant administration, or intubation), which may 
have been related to the increased use of antenatal steroid 
administration given to the prenatally diagnosed group. 
Eller et al30 also advocate an electively scheduled delivery 
at 34 weeks after antenatal steroids to decrease morbidity 
associated with vaginal bleeding and emergent delivery. 
Their cohort of 69 patients (57 prenatally diagnosed vs  

Table 4: Perinatal outcomes in patients with and without 
placenta accreta

Patients 
with 
accreta  
(n = 310)

Patients 
without 
accreta  
(n = 310)

Odds ratio (95% 
confidence 
interval) p-value

Week of 
delivery

39.3 ± 3 40.5 ± 1 <0.001

Preterm 
delivery

33 (10.7) 3 (1) 12.1 (3.7–39.9) <0.001

Birth wt (gm) 3,110 ± 572 3,408 ± 415 <0.001
SGA (<10%) 83 (27.3) 45 (14) 5.05 (1.46–3.28) <0.001
SGA (<5%) 48 (15.8) 11 (3.6) 2.19 (2.56–9.90) <0.001
Male gender 139 (47.1) 151 (50.7) 0.329
Perinatal 
death

3 (1.0) 0 (0) 0.249

Source: Gielchinsky 2004

Graph 4: Fetal cell-free DNA concentration in maternal plasma 
in control and placenta previa/accreta
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17 unsuspected) showed that prenatal diagnosis resulted 
in lower ICU admission rates (23 vs 43%), lower large 
volume of blood transfusions (5 vs 9%), less ureteric 
injury (5 vs 9%), less intraabdominal infection (6 vs 9%), 
decreased hospital readmission (5 vs 18%), and less vesi-
covaginal fistula formation (0 vs 6%). In a meta-analysis 
of emergent postpartum hysterectomy for hemorrhage, 
Rossi et al31 noted a mortality rate of 2.6%. Abnormal 
placentation was the foremost indication for emergent 
postpartum hemorrhage in this meta-analysis involving 
about a thousand patients.

Placental Removal

Eller et al30 also showed that attempts at placental 
removal prior to hysterectomy had significantly increased 
early morbidity compared with those who underwent 
cesarean hysterectomy with the placenta left undisturbed 
in situ. Kayem et al32 came to the same conclusion in their 
retrospective review of 31 cases with placenta accreta. 
Their study compared conservative vs extirpative man-
agement of patients with placenta accreta. In the subset of 
patients who underwent hysterectomies, forced removal 
of the placenta was associated with massive hemorrhage. 
Scarantino et al33 described the use of the argon beam 
coagulator to help achieve hemostasis after the incom-
plete removal of a posteriorly implanted placenta previa. 
This case report does note that the attempted removal  
of the placenta resulted in hemorrhage that resolved with 
the use of the argon beam. The use of B-lynch sutures, 
intrauterine balloon, and Affronti square endouterine 
hemostatic sutures after manual removal has been advo-
cated by Arduini et al34 in a case series of 9 women who 
underwent postpartum hemorrhage for placenta previa 
and accreta. The mean decrease in hemoglobin levels in 
this cohort was 2.4 gm/dL. Their protocol also included 
preventative catheterization of the descending aorta via 
transhumeral access to allow embolization of the pelvic 
vessels though none of their patients required radiologi-
cal intervention.

Conservative Management

Cesarean hysterectomy has been the management of 
choice for placenta accreta. It is associated with sig-
nificant morbidity as documented above as well as the 
psychological consequences of the loss of fertility. There 
are now multiple studies and case reports for the con-
servative management of abnormal placentation. These 
include expectant management by leaving the placenta 
in situ, uterine artery embolization followed by expectant  
management, and adjuvant medical therapy including 
MTX, misoprostol, mifepristone, and gonadotropin-
releasing hormone analogues.

Sentilhes et al35 recently published a retrospective 
multicenter cohort study in France assessing maternal 
outcome after conservative treatment for placenta accreta 
Graph 5. 

Of the 311 women initially studied in this trial, 144 
(46.3%) were excluded because they underwent partial 
removal of the placenta or cesarean hysterectomy. Conser-
vative treatment was successful in 131 out of 167 women 
(78.4%). Thirty-six patients needed a hysterectomy 
either primarily or delayed. Severe maternal morbidity 
was noted in 10 patients (6%). Complications for the 
conservatively managed cohort included pulmonary 
edema, septic shock, acute renal failure, infection, deep 
vein thrombosis or pulmonary embolism, and secondary 
postpartum hemorrhage. There was one maternal death 
related to myelosuppression and nephrotoxicity related 
to MTX administration.

Bretelle et al36 also analyzed 50 cases of placenta 
accreta, 24 of whom received total hysterectomy, and  
26 of whom were managed conservatively. Twenty-four 
of the conservatively managed group (92%) received 
additional treatment (medical, surgical, or embolization), 
and 19% needed a hysterectomy. Of this subgroup, there 
was a 15% rate of infection and a 12% rate of disseminated 
intravascular coagulation (DIC).

Timmermans et al37 retrospectively analyzed 48 case  
reports or case series of 60 women who underwent con-
servative management of placenta accretas. Twenty-six 
women underwent delivery without any additional inter-
vention. Twenty-two of the 26 cases were not diagnosed 
prenatally, and in three quarters of the cases, the placenta 
was only partially removed. Four of the 26 failed conser-
vative management and hysterectomies were performed 
for excessive bleeding or overwhelming infection. Other 
complications included fever (2/26), endomyometritis 
(4/26), and delayed vaginal bleeding (6/26). A total  

Graph 5: Annual number of accreta cases treated 
conservatively (Sentilhes 2010)
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of 4/26 noted delayed but spontaneous expulsion of  
placental tissue, 3/26 patients went on to have a sub-
sequent pregnancy, and 2/3 had recurrent abnormal  
placentation resulting in cesarean hysterectomies.

There are also multiple case reports of the admin-
istration of MTX with conservative management of 
placenta accreta, with the first report published in 1986.  
Timmermans found that 22 of the 60 women received 
MTX, some with uterine artery embolization. The failure 
rate of MTX was 5/22, with failure noted as persistence 
of vascularized placental tissue, vaginal bleeding, 
infection, and fever. A total of 8/22 had spontaneous 
expulsion of the retained placental tissue, and 2/22 had 
uneventful subsequent pregnancies. 

The use of arterial embolization with conservative 
management was also reviewed by Timmermans, usually 
immediately after delivery in 12 patients. The failure 
rate was 3/12, resulting in hysterectomies for infection, 
vaginal hemorrhage, or DIC. A total of 3/12 patients had 
spontaneous expulsion of retained placenta, and 3/12 had 
subsequent pregnancies that were uneventful.

Sentilhes et al38 performed a retrospective cohort 
study on 100 consecutive women who had postpartum 
hemorrhage to determine the predictors of failure of 
embolization. The failure rate of embolization was 11% 
for postpartum hemorrhage. Seventeen patients had 
placenta accretas, and the failure rate of embolization 
for this subset of patients was 4/17 (24%). Complications 
associated with both successful and failed pelvic artery 
embolization included buttock necrosis requiring surgi-
cal debridement, puncture site hematoma, endometritis, 
postpartum fever, wound infection, postpartum myocar-
ditis and pulmonary embolism.

Provansal et al39 studied fertility and obstetric 
outcome after conservative management of placenta 
accreta. Forty-six patients out of a cohort of 73 patients 
with placenta accreta were treated conservatively without 
extirpative measures, all of whom had residual placenta  
in situ. Additional treatments to conserve fertility included 
bilateral hypogastric artery ligation, uterine artery liga-
tion, uterine sutures, embolization, MTX, oxytocin, and/
or prostaglandins. The median time of follow-up for the 
cohort was 65 months. The median time for the resump-
tion of menses was 130 days, and none had amenorrhea. 
A total of 12/14 patients desiring another pregnancy got 
pregnant for a total of 15 pregnancies, and 2 had recurrent 
placenta accreta. Five spontaneous abortions were noted, 
and the median term of delivery was 37 weeks.

Surgical Management

Eller et al studied 76 cases of placenta accretas.30 When 
accretas were diagnosed prenatally, scheduled cesarean 

hysterectomies were performed without attempted 
placental removal. A significant decrease in morbidity 
was noted in comparison with patients where placental 
removal was attempted (33% vs 67%; p = 0.038). The 
pre- or perioperative use of ureteral stents was noted to 
decrease the risk of ureteral injury and to significantly 
reduce the rate of postoperative morbidity (p = 0.02). 
Hypogastric artery ligation was not noted to decrease the 
mean blood loss or the need for large volume of blood 
transfusions. They concluded that scheduled cesarean 
hysterectomy with preoperative ureteral stent place-
ment and avoiding piecemeal placental removal was the 
optimal management strategy for prenatally diagnosed 
placenta accretas.

Angstmann et al40 retrospectively analyzed a cohort 
of 26 cases of placenta accreta; eight cases were managed 
using a staged embolization procedure with hysterec-
tomy, and outcomes were compared with routine cesarean 
hysterectomies. 

Compared with cesarean hysterectomies, a staged 
procedure involves preoperative use of interventional 
radiological embolization followed by hysterectomy, 
resulting in significant blood loss reductions (553 vs 4517 
mL; p = 0.0001), need for transfusion (2 vs 16; p = 0.001), 
and units of blood transfused (0.5 vs 7.9; p = 0.0013). 

Preoperative planning and collaboration can optimize 
maternal outcomes. In some institutions, delivery in the 
main operative suites may be more appropriate than a 
delivery on the labor and delivery unit. Consultation with 
anesthesia is essential preoperatively. Weiniger et al41 
performed a prospective observational study on the anes-
thetic management of placenta accreta using a high- and 
low-suspicion classification system. High-suspicion cases 
included patients with suspicious ultrasound findings 
as described earlier or bleeding placenta previa with a 
prior uterine scar. Low suspicious cases included anterior 
placentas without prior cesarean surgery or nonbleeding 
placenta previa without ultrasound findings but one pre-
vious cesarean section. A total of 12/17 (71%) of accretas 
were correctly diagnosed using the high-risk system. 
Unfortunately, 2/11 (18%) of the low-risk group had 
undiagnosed accretas. All high-risk patients underwent 
general anesthesia and all patients with accretas ended 
up with cesarean hysterectomies. Despite missing two 
accretas with the low-risk classification system, neither 
patient received many blood transfusions nor underwent 
emergent hysterectomies. There were significant differ-
ences in both groups with the use of general anesthesia, 
invasive systemic blood pressure monitors, large-bore 
intravenous cannulas prior to the start of surgery, fresh 
frozen plasma, platelets, cryoprecipitate, and the use 
of crystalloids. There were no differences in the rate of 
blood transfusions and postoperative renal function and 
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coagulopathy. In a review of the anesthetic management 
of abnormal placentation, Kuczkowski42 notes that there 
is a high rate of conversion of neuraxial anesthesia to 
general anesthesia (28%) because of inadequate operat-
ing conditions and/or patient discomfort. He also notes 
that there is a high rate of DIC (27%). The anesthetic 
recommendations include the use of two large-bore 
intravenous catheters, arterial lines, and possibly central 
lines preferable prior to the start of the cesarean section. 
Vasoactive drugs (phenylephrine, ephedrine, dopamine, 
or epinephrine) and PRBCs should be immediately avail-
able. Consideration should be given to the use of cell saver 
and acute normovolemic hemodilution.

The bladder is the most common affected pelvic 
structure with placenta percreta with ureteral and  
ileal involvement also reported.42 The occurrence of 
bladder invasion is estimated to be 1/10,000 births. Gross 
hematuria occurs in about 25% of such cases. Ng et al 
reviewed 5 cases, 2 of whom had undergone urologic 
assessment preoperatively (including pelvic ultrasound 
and MRI).

Preoperative urologic management included cystos-
copy and ureteral stent placement resulting in no urologic 
complications postoperatively, despite urgent timing in 
both cases. The three cases who were assessed intra- or 
postoperatively all encountered urologic complications 
including bladder injury, ureteral injury, and massive 
blood transfusions (12–44 units). Konijeti et al43 recom-

mend making every attempt to preserve the bladder 
after proving the integrity of the ureters. Reconstruc-
tive surgery can be postponed until after the patient is 
hemodynamically stabilized. Anterior bladder dissection 
is helpful for defining dissection planes and determining 
whether posterior bladder wall resection is required. The 
resection of the bladder base carries with it the risks of 
coagulopathy, ARDS, multiorgan failure, and vesicovagi-
nal fistula due to blood loss and extensive surgery.

ETIOLOGY

There is good evidence that placenta accreta forms 
due to the failure of a normal deciduas to form, either 
because the endometrium is deficient or because it 
cannot transform.44 Placenta accreta is a regular finding 
in abdominal and ectopic pregnancies where there is 
also no normal endometrium to transform into decidua. 

The placenta forms differently from other organs. It is 
created by cellular interactions of maternal cells and fetal 
trophoblastic cells, each directed by different genomes.45 
The placental interaction with endometrium begins at 
implantation. Early on, trophoblasts invade the veins and 
stroma of maternal tissues, allowing the placenta to grow 
into the uterine cavity. Nitabuch’s fibrinoid lies between 
the placenta and the uterine tissues. It is an amorphous 
eosinophilic matrix containing trophoblastic cell proteins 
and maternal fibrin (Fig. 8).

Fig. 8: Normal placental implantation
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Without a normal decidual plate and Nitabuch’s 
layer, the villous trophoblast has direct access to the 
maternal myometrium. However, accreta is often focal, 
such that next to areas of abnormal adherence with no 
decidua, there can be an area of normal decidua basalis, 
and it is this layer that allows normal separation to  
take place after birth.44 Stanek et al46 coined the term 
“occult placenta accreta” (OPA), which others refer to 
as mild or focal placenta accreta. They found a statisti-
cal association of OPA with indicators of uteroplacental 
hypoxia including decidual hemosiderosis. All this points 
to evidence of a trophoblast/decidual antagonism existing 
on a molecular level, with the decidua having an impact 
on trophoblast differentiation. Earl et al47 have shown that 
placenta accreta is not related to excessive trophoblastic 
invasiveness with respect to trophoblastic production of 
human placental lactogen, hCG, and pregnancy-specific 
β1-glycoprotein and that the absence of deciduas is more 
important in the pathogenesis of placenta accretas. Tseng 
et al48 theorize that trophoblastic migration and invasion 
during normal placental development must be interde-
pendently influenced by different kinds of molecules, 
such as growth factors and their receptors, cytokines, 
hormones, adhesion molecules, and enzymes in an auto-
crine or paracrine manner, and that normal placentas do 
not proceed beyond the inner third of the myometrium 
through tight spatial and temporal regulation. 

Tyrosine kinase receptors are believed to be involved 
in placental cellular proliferation, migration, and differ-
entiation. Epidermal growth factor receptor (EGFR) and 
the c-erbB-2 oncoprotein are tyrosine kinase receptors that 
are functionally related and expressed in high amounts 
in human placentas. Tseng et al49 have shown that EGFR 
is expressed in significantly higher amounts in placenta 
accretes, while the immunoreactivity of c-erbB-2 was 
significantly lower, concluding that the development of 
accretas is related closely to the differential expression 
of these proteins. 

Placental accreta is characterized by profuse utero-
placental neovascularization. Vasculoendothelial growth 
factor (VEGF), placenta growth factor (PlGF), and  
their receptors are well-known angiogenic factors and 
during normal pregnancy, the expression of VEGF and 
its receptors in trophoblasts regulates the secretion  
of many proteins and hormones via both autocrine  
and paracrine regulation.48 Tseng et al50 showed via 
enzyme-linked immunosorbent assay (ELISA) of pla-
cental lysates that placenta accretas had significantly  
higher VEGF and lower soluble vasculoendothelial 
growth receptors-2 (VEGR-2) compared with normal 
controls. In addition, they showed that PlGF and sVEGR-1 
levels were not different in accretas and controls. The 
increased VEGF and decreased sVEGR-2 imply paracrine 

induction of neovascularization during the development 
of accretas.

Angiopoietin and Tie receptors have roles in vasculo-
genesis and angiogenesis and have been well studied 
in malignancies. Tie-1 is a tyrosine kinase with immu-
noglobulin and epidermal growth homology domains, 
while Tie-2 is a tunica internal endothelial cell kinase 
receptor. Both are graded as specific vascular endothelial 
markers, and both are also expressed in the placenta.51 
Using Western blot and ELISA analysis, placenta accretas 
were shown to have higher angiopoietin-2 and lower 
Tie-2 than in normal controls and that life-threatening 
uteroplacental neovascularization may be correlated with 
these molecular changes. The decreased Tie-2 expression 
might imply a negative feedback response rather than 
a primary event during the formation of an accreta’s 
vascular network.

Extracellular matrix proteolysis plays a major role in 
trophoblast invasion. The zinc requiring matrix metallo-
proteinase (MMP) family is responsible for matrix degra-
dation and plays a role in angiogenesis.48 The four main 
groups are collagenases, gelatinases, stromelysins, and  
membrane-type MMPs. Collagenases degrade fibrillar 
collagens I, II, and III and include collagenase (MMP-1),  
neutrophil collagenase (MMP-8), and collagenase  
3 (MMP-13).52 Gelatinases degrade denatured collagens, 
collagen IV, and include gelatinase A (MMP-2) and gela-
tinase B (MMP-9). Amnion, basal plate, chorionic plate, 
deciduas, chorion laeve, Nitabuch’s fibrinoid, umbilical 
cord, and placenta villi almost show immunoreactivity 
for MMPs. Demir-Weusten et al53 performed immuno-
histochemistry and zymography on placental tissue 
sections and protein extracts and showed that MMP-2 
activity is highest in areas where trophoblast cells invade 
maternal tissues. Matrix metalloproteinases-9 had the 
highest enzymatic activity where fetal and maternal 
parts contacted, suggesting a role in the separation of 
the placenta from the uterine wall during normal labor. 
Matrix metalloproteinases-3 had similar localization to 
MMP-9, which also suggested a role for this enzyme 
during labor. Matrix metalloproteinases are regulated 
at (1) a transcriptional level depending on gene expres-
sion via factors like hormones, cytokines, growth factors;  
(2) a secretion level depending on packaging in secre-
tion granules; and (3) at the protein level depending on 
activation or inhibition of a proform and via stabilization 
via glycosylation. Cohen et al52 suggest that MMP-9 may 
play a more important role than MMP-2 in trophoblastic 
invasion during pregnancy though Staun-Ram et al54 
suggest that MMP-2 represents the main gelatinase early 
at implantation in pregnancy but that by the end of the 
first trimester both MMP-2 and MMP-9 are involved. 
MMP-26 proteolyzes fibrinogen and extracellular matrix 
proteins and probably plays a role in tissue remodeling 
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during placentation. MMP-14 and MMP-15 are also 
present in the first trimester and act as activators of 
MMP-2. Other MMPs have been found in trophoblasts 
including MMP-1, MMP-3, MMP-7, MMP-18, and 
MMP-19, but their role in placental invasion is not clear.

The role of decidua in preventing abnormal placenta-
tion is probably by an autocrine/paracrine feedback. Hu 
et al55 have confirmed that decidual natural killer cells 
(dNK) play an important role in the immune regulation 
of trophoblast invasion. Using decidual tissue from elec-
tive terminations of pregnancies, Hu showed that dNK 
inhibited trophoblastic migration via soluble mediators, 
specifically interferon gamma. In addition, the inhibition 
of trophoblastic migration was dose dependent, indicat-
ing that trophoblastic control was mediated by soluble 
factors produced by dNK.

Insulin and the insulin-like growth factors belong 
to a family of peptides essential for fetal growth and 
development. Relaxin belongs to the insulin-like growth 
factor family and may also play a role as a regulator of 
cell growth in fetal membranes and placenta via auto-
crine/paracrine interactions and its site of action in the  
uterus has been shown to be primarily in the decidua.56 
Another insulin like growth factor INSL4 (Insulin-like 4) 
has been shown to play a role in the concerted regulation 
of placental development and fetal growth via apoptosis.
Goh et al 58 showed by gene expression and immuno-
histochemistry that INSL4 expression was significantly 
decreased in trophoblastic tissue in both invasive and 
non-invasive areas in placenta accreta when compared 
to gestational aged matched controls suggesting accreta 
formation is not a local trophoblastic problem but a more 
generalized phenomenon suggesting that the pathophysi-
ology of TR invasiveness is related to reduced TR apopto-
sis.30 This group also showed that increased Relaxin gene 
and protein expression was associated with significant 
antepartum bleeding in accreta patients.

CONCLUSION

The incidence of placenta accreta is rising with the rates as 
high as 1/533 pregnancies. Accreta are now the chief cause 
of postpartum hemorrhage and are a significant cause of 
both maternal and neonatal morbidity and occasionally 
mortality. The main risk factor for the development of 
placenta accreta is a history of a prior cesarean delivery. 
The prenatal diagnosis of accreta is crucial and is associ-
ated with a significant reduction in maternal blood loss 
of post partum complications. Ultrasound findings sug-
gestive of accreta include placental lacunae, myometrial 
thinning to less than 1 mm, the loss of a placental-uterine 
interface and an abnormal uterine bladder interface. The 
use of color and 3D Doppler ultrasound is also helpful in 

diagnosing placenta accreta. The trend toward conserva-
tive and management of placenta accreta using emboliza-
tion techniques, methotrexate and observation must be 
balanced with a significant rate of complications, such as 
infection and DIC. Histologically, the absence of a mater-
nal decidual layer allows placental trophoblastic tissue to 
invade into the maternal myometrium. Many peptides and 
growth factors have been examined in placenta accreta and 
there is likely a defect in the paracrine/autocrine feedback 
between the placental trophoblast and maternal decidua. 
The interaction of hormones, such as Relaxin which is 
abundant in maternal decidua and INSL4, an insulin like 
peptide found in placental trophoblastic tissue may play 
role in the formation of placenta accreta.
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