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Introduction

Placenta accreta spectrum (PAS) is a potentially life-threat-
ening obstetric complication. It is characterized by invasive 
placentation due to the absence of the decidua basalis layer, 
resulting in placental anchoring villi coming in direct ap-
position with the myometrium due to a deficient Nitabuch’s 
layer. Different terminology has been used to explain this 
condition; however, the recent consensus is to include ac-
creta, increta, and percreta in PAS [1]. Depending on the 
extent of placental invasion, PAS is categorized into placenta 
accreta and placenta increta. In placenta accreta, placental 
villi remain attached to the myometrium without invading 
it, whereas in placenta increta, placental villi penetrate the 
myometrium and extend up to or beyond the uterine serosa. 
Placenta accreta is further divided into two types depending 
on the timing of diagnosis; those diagnosed during the ante-
natal period by imaging are called expected PAS, and those 
diagnosed during the intrapartum period with adherent or 
retained placenta are called unexpected PAS. The diagnosis 
of PAS will be considered with the presence of one of the 
following 1) the need for manual removal of the placenta 
either completely or partially, 2) evidence of gross placental 

invasion during surgery, 3) ultrasound diagnosis of PAS con-
firmed during the third stage of labor, and 4) histological 
confirmation of hysterectomy specimen [2]. 

Over the past few decades, the rate of cesarean delivery 
has increased significantly, resulting in a 10-fold increase in 
the incidence of PAS, and this situation is expected to worsen 
over the next few years [3]. Despite the advances made in 
obstetric imaging, multiple studies have shown that a sig-
nificant number of PAS cases are unpredictable at the time 
of delivery [4-6]. Management in a multidisciplinary center is 
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known to reduce maternal mortality and morbidity in women 
with PAS, but timely referral and management are challeng-
ing in unexpected PAS [7-9]. In 2015, a multicenter study 
from the Maternal-Fetal Medicine Units Network showed 
that almost 50% of reported PAS cases were unexpected. 
Furthermore, they reported poorer outcomes in patients with 
expected PAS than those in patients with unexpected PAS; 
this could be attributed to the referral of patients with a high 
degree of placental invasion to specialists [10].

The frequency of PAS has progressively increased from 0.8 
per 1,000 deliveries in the 1980s to 3 per 1,000 deliveries in 
the last few years, a phenomenon ascribed to a rising rate 
of cesarean section globally [11]. The most common and 
defined risk factor associated with PAS is a previous cesarean 
section, and the risk is directly proportional to the number of 
prior cesarean deliveries [12,13]. Placenta previa is another 
significant risk factor for PAS observed in 3% of women 
without a previous surgical scar in the uterus. The likelihood 
of PAS is high in women who have a placenta previa and one 
or more repeat cesarean deliveries. In such women, the risk 
of placenta accreta is 3%, 11%, 40%, 61%, and 67% for 
the first, second, third, fourth, and fifth or more repeat ce-
sarean deliveries, respectively [12]. Other risk factors include 
advanced maternal age, multiparty, history of previous uter-
ine surgeries or curettage, and Asherman syndrome [14,15].

Recently, with the advent of in vitro fertilization (IVF) and 
advancements in cryopreservation techniques, cryopreserved 
embryo transfer (CET) has been proposed as an additional 
risk factor for PAS [16-18]. Previous studies have shown that 
the stimulation protocols for IVF induce morphological and 
structural changes and disturb the expression of relevant 
genes in the endometrium; such changes could contribute 
to abnormal implantation [19]. However, this theory failed 
to explain the occurrence of PAS in women who underwent 
frozen-thawed embryo transfer or ovum donation cycles 
without ovarian stimulation. Another study found that ovar-
ian stimulation cycles, which eventually led to a pregnancy 
with PAS, had thinner endometrial linings and lower peak 
serum estrogen (E2) levels when compared to cycles, which 
led to a pregnancy without PAS. This allowed us to propose 
a threshold value for serum E2 level at which the risk of pla-
centa accreta was significantly high. They also suggested that 
the relationship between CET and placenta accreta might 
be mediated by E2 administration. They found that patients 
who had been prescribed oral E2 had significantly higher 

incidence of placenta accreta after CET than those who had 
been prescribed transdermal or vaginal E2 [20].

PAS is one of the most important causes of maternal 
mortality and morbidity in the modern obstetrics; it has a 
mortality as high as 7% and even higher in underdeveloped 
countries [21,22]. Most of the time, unexpected PAS is di-
agnosed clinically for the first-time during delivery. Increased 
maternal morbidity is due to massive intrapartum or postpar-
tum hemorrhage and its sequel, namely, blood transfusions, 
coagulopathy, sepsis, and multiorgan failure. These situations 
necessitate medical intervention, and PAS-associated hemor-
rhage is one of the leading indications for emergency cesar-
ean hysterectomy. 

Pathophysiology

Over the years, various concepts have emerged to explain 
why and how PAS occurs. The most accepted hypothesis 
explains the occurrence of PAS in a scarred uterus. Following 
a uterine scar, there is failure in the normal decidualization 
of the area is compromised, causing secondary defect in the 
endometrial-myometrial junction. This defect allows placen-
tal anchoring villi, along with the trophoblast, to invade deep 
into the myometrium [23]. In normal pregnancy, the extent 
of trophoblastic invasion is regulated by the decidua. In ec-
topic pregnancy, scarce decidua leads to aggressive implan-
tation into the muscular and serosal layers of the fallopian 
tube or the abdomen, indicating the important function of 
decidua as a barrier against abnormal placentation [24,25].

The underlying pathology of PAS is scarred uterus and, in 
particular, uterine scar secondary to a cesarean section. A re-
cent study has shown that following a cesarean section, uter-
ine vascular resistance is increased, which in turn decreases 
the blood flow to the endometrium in comparison to that 
following a normal vaginal delivery [26]. This impaired blood 
circulation around the scar tissue hampers the vascularization 
in the scar cascading to permanent focal myometrial degen-
eration, along with absent or reduced re-epithelialization of 
the scar area. In the scar area without re-epithelialization, the 
trophoblast extensively invades beyond the decidua and into 
the myometrium, reaching up to the underlying blood vessel 
and nearby structures. Cellular changes in the trophoblast 
detected in PAS are not a primary defect of trophoblast biol-
ogy but are possibly secondary to the rare myometrial condi-
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tion leading to excessive invasion into the myometrium [27]. 
PAS has also been described in first time pregnant women 
without any previous uterine surgery. The reason for being 
having PAS in such patient is due to anomalous uterus, other 
pathology like adenomyosis, dystrophia myotonia, or submu-
cosal uterine fibroids [28,29]. 

Antenatal diagnosis of PAS

According to recent studies, a significant number of PAS 
cases are diagnosed at delivery [4-6]. This may be attributed 
to the fact that the major known risk factors for PAS such 
as placenta previa and previous cesarean deliveries are not 
always present. In addition, even in the presence of known 
risk factors, the antenatal diagnosis of PAS with less severe 
placental invasion may be challenging. Prenatal ultrasound, 
which is the most common diagnostic modality for PAS, is 
subjective and requires specialized expertise in both perform-
ing the examination and interpreting the findings. A previous 
study also suggested that multiple gestations may make the 
antenatal diagnosis of PAS more difficult, and we believe 
that special attention should be paid to placental invasion in 
multiple pregnancies, especially in the presence of the risk 
factors for PAS [10]. Therefore, it is very important to recog-
nize various risk factors for PAS during the antenatal period. 
These high-risk patients would have the opportunity to be 
assessed more judiciously by using three-dimensional ultra-
sound with color Doppler imaging and magnetic resonance 
imaging (MRI). The early antenatal diagnosis of PAS in preg-
nant women with risk factors is critical to obstetric outcomes 
because it enables women to have an elective cesarean 
section and possible hysterectomy and decreases associated 
complications.

The primary technique for antenatal diagnosis of PAS is 
obstetric ultrasonography, and the signs of PAS may be pres-
ent even in the early phase of pregnancy; however, in most 
women, PAS is recognized in mid- and late pregnancy [30]. 
The PAS recognition competency of ultrasound depends on 
the skill, technique, and experience of the observer, and the 
index of suspicion helps the physician to put forth. Therefore, 
the findings of normal placental ultrasound imaging do not 
eliminate the need for a high index of suspicion, especially 
in pregnant women with established risk factors for PAS. 
In cases of normally placed placenta, a hypoechoic area is 

observed between the placental body and the myometrium 
by ultrasound imaging. In morbidly adherent placenta, the 
hypoechoic zone between the myometrium and the placenta 
is absent on ultrasound images. It is very much unexpected 
to be able to notice a placental mass in the urinary bladder, 
and that would be the confirmatory point to diagnose true 
placenta accreta. In Doppler color flow imaging, turbulent 
lacunar blood flow is the most common finding facilitating 
the diagnosis of PAS. A marked increase in subplacental vas-
cularity or blood vessels connecting the placenta to uterine 
margin is expected in this condition. Placental lacunae are 
considered the most definitive characteristic with high sensi-
tivity and good positive predictive value [31].

MRI is another diagnostic tool for PAS, especially in cases of 
incomplete or inconclusive ultrasound findings. MRI provides 
an additional advantage in assessing the depth and lateral 
extension of abnormal placental invasion [32]. A meta-anal-
ysis conducted in 2013 concluded that the overall detection 
rate of abnormally invasive placenta with ultrasound imaging 
and MRI was almost the same. They also demonstrated that 
MRI is superior to ultrasound in detecting posterior PAS, de-
gree of placental invasion, and myometrium lateral extension 
[33]. A previous study comparing the diagnostic accuracy of 
ultrasound imaging and MRI found no statistically significant 
difference in sensitivity or specificity between ultrasound 
imaging and MRI [34]. A systematic review demonstrated 
that the validity of MRI for the detection of PAS is reasonably 
better with a sensitivity of 75% to 100% and a specificity of 
65% to 100% than that of ultrasound imaging. Routine use 
of MRI is still limited because it is more costly than ultraso-
nography, is not easily accessible, and requires skill and ex-
pertise to interpret the findings. Therefore, MRI is not always 
a favorable diagnostic tool for the initial assessment of the 
possible PAS [35].

PAS can occur in the anterior as well as posterior uterine 
wall. Anterior PAS is a classical invasive placental disorder. 
The imaging based diagnosis of posterior PAS is more chal-
lenging than that of anterior PAS and requires expertise and 
a high degree of suspicion because the placenta invades 
into the posterior uterine wall. Antenatal diagnosis of PAS 
can be performed using ultrasonography and MRI. A recent 
systematic review on posterior PAS found that almost half 
of cases affected by posterior PAS did not show the clas-
sical ultrasound signs described in anterior PAS cases, and 
they were not detected by prenatal ultrasound [36]. Overall, 
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56.4% posterior PAS cases were detected by prenatal ultra-
sound, whereas 46.7% were diagnosed only at birth. With 
the advent of MRI, the prenatal detection rate of posterior 
PAS improved to 73.5% (95% confidence interval [CI] 47.8-
92.6), and only about one-fourth of the cases (26.5%, 95% 
CI 7.4-52.2) were discovered during cesarean section. Due to 
diagnostic challenges, the exact incidence of posterior PAS is 
unclear. Screening for PAS in all women with placenta previa 
using MRI is not cost effective, and it should be offered to 
women who are at high risk and show ultrasound signs of 
placental invasion. Even with this approach, the actual risk of 
PAS in these women cannot be completely quantified. 

Management

1. Conservative management of PAS
In conservative management of PAS, operative management 
is performed with preservation of the uterus especially to 
preserve future fertility and to avoid peripartum hysterec-
tomy, PAS-related morbidity, and other consequences. After 
the delivery of the fetus, the umbilical cord is clamped, ligat-
ed, and cut as close as possible to the placenta without at-
tempting to detach the placenta. The use of oxytocin should 
be discouraged because it may cause incomplete separation 
of the non-adherent portion of the invasive placenta, leading 
to profuse bleeding. In PAS, there will be related insinuation 
of placenta to the neighboring structures is an additional 
major purpose not to attempt removal of the placenta and 
make a decision on expected management. An adherent 
placenta left in situ after the delivery of the fetus may lead 
to a progressive reduction in blood circulation within the 
uterus, parametrium, and placenta. In a few days, necrosis 
of the placental villous tissue is observed, and the placenta 
gradually detaches from the uterus. Therefore, conservative 
management aims not only to preserve the uterus but also 
to limit serious lethal issues related to an attempt of manual 
removal of the placenta or related to emergency obstetric 
hysterectomy. Prophylactic antibiotics should be administered 
for at least 7-10 days after the delivery to avoid infection. 
Methotrexate has a very limited effect on the placenta during 
the late phase of pregnancy because it has only a few rapidly 
dividing cells at that time; therefore, the use of methotrex-
ate is not recommended. Methotrexate is a cytotoxic drug, 
which may cause significant side effects such as bone mar-

row suppression, dizziness, headache, photophobia, hair fall, 
gastric upset, and dry skin [37].

2.   Management of expected (antenatally diagnosed) 
PAS

Patients with expected PAS should be referred to a multidisci-
plinary center with a medical team experienced in managing 
PAS patients. Planning the delivery in a highly skilled and ex-
perienced maternity center with a well-organized team and 
the capability to gather additional expertise and resources 
reduces maternal morbidity and mortality. Counselling ses-
sions to prepare the patient and family members about the 
possible need for pregnancy termination at any point in time 
for maternal indications, complications, and obstetric hys-
terectomy and the possible need for multiple blood transfu-
sions and prolonged Intensive Care Unit (ICU) admission are 
very important [38]. Before deciding the timing of delivery, 
the maternal risks and benefits to the fetus or neonate must 
be weighed. Carrying out a cesarean delivery immediately 
followed by a peripartum hysterectomy before the onset of 
labor enhances maternal outcomes although the ideal tim-
ing for it remains undefined [39]. Premature delivery may be 
needed anytime in cases of continuous bleeding per vagina 
or other obstetric indications such as severe preeclampsia, 
premature rupture of membranes, fetal distress, or maternal 
comorbidities. Corticosteroid use is recommended for fetal 
lung maturation in women with antenatally diagnosed pla-
centa accreta. Conservative management is not suggested 
beyond 36 weeks of gestation because almost half of the 
pregnant women with PAS require emergency delivery due 
to profuse bleeding after 36 weeks of gestation. 

The most traditional approach to manage PAS is cesarean 
section with concurrent obstetric hysterectomy, and the 
placenta is left untouched inside the uterine cavity after the 
delivery of the fetus. It is strongly discouraged to forcefully 
remove the placenta because it may cause massive hemor-
rhage [40,41]. After confirming that the placenta will not 
separate automatically, many physicians prefer to perform 
rapid closure of the uterine incision and to proceed with ob-
stetric hysterectomy. Total hysterectomy is essential in most 
cases of placenta accreta as lower uterine segment or cervi-
cal bleeding frequently anticipates supracervical hysterec-
tomy [42]. During the intraoperative period, it is important to 
closely monitor the vital signs of the patient, volume status, 
urine output, ongoing blood loss. Ongoing blood loss should 
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be restored with the ratio of 1:1:1 to 1:2:4 with the policy 
of packed red blood cells:fresh frozen plasma (FFP):platelets 
[43,44]. According to a recent meta-analysis, the administra-
tion of prophylactic tranexamic acid at the time of delivery 
after clamping of the cord may reduce the risk of profuse 
bleeding in patients with PAS [45].

The Triple P procedure was initially developed in 2010 at St 
George’s University Hospital in London to reduce the com-
plications associated with peripartum hysterectomy, such as 
blood loss, ureteric and bladder injuries, infections, the long-
term effect of the presence of prolapse, and the long-term 
psychological effects of a hysterectomy at a young age. This 
procedure reduces not only the operative time but also the 
need for ICU admission and overall hospital stay [46,47]. 
This procedure is performed in three steps: 1) transabdomi-
nal ultrasound to locate the placenta and its upper border, 
2) making a transverse incision on the upper border of the 
placenta to deliver the fetus, 3) immediate inflation of the 
prepositioned balloons for uterine artery occlusion followed 
by myometrial excision and reconstruction of placental site 
without separation.   

A study was conducted to determine the outcome of the 
first 50 patients who underwent the Triple P procedure [48]. 
They observed anterior placenta previa in 58% of the cases, 
and an additional 12% cases had just anterior placenta; 
28% had either posterior or anterior and posterior placenta. 
The average intraoperative blood loss was 2,318 mL, and 
vital organs such as bladder and ureteric injury was observed 
in approximately 2% (n=1) and 0%, respectively. Duration of 
hospitalization was 2-8 days, with a median length of stay of 
4 days. Three women (6.0%) developed arterial thrombosis 
but did not have any long-term squeal. Not a single woman 
who underwent the Triple P procedure required peripartum 
hysterectomy. The authors concluded that the Triple P proce-
dure, which is a conservative surgery, reduces morbidity and 
is an alternative to obstetric hysterectomy. Proper counseling 
is required for pregnant women with an abnormally invasive 
placenta during the antenatal period and prior to surgery.

According to Federation of Gynecology and Obstetrics 
(FIGO), cesarean hysterectomy is associated with a risk of 
severe maternal morbidity as high as 40-50%. They also re-
ported that maternal mortality rates can be as high as 7%, 
mainly due to pelvic and vital organ injuries and severe hem-
orrhage in pregnant women with placenta accrete [49]. The 
possibilities of severer morbidity and mortality are higher in 

case of emergency management of placenta accreta com-
pared to those in case of elective management of placenta 
accreta.

Radiological intervention

To reduce the morbidity associated with cesarean hysterec-
tomy and uterine preservation, various endovascular proce-
dures have been used in which interventional radiologists 
play a vital role. Prior to elective cesarean hysterectomy, a 
prophylactic balloon catheter is placed in the internal iliac 
arteries, resulting in a significant reduction in intraoperative 
blood loss, transfusion requirements, and postoperative mor-
bidity [50-52]. One of the limitations of this technique is that 
it only provides temporary hemostasis. Another endovascular 
intervention is the infrarenal aortic balloon catheter, which 
can also be used prior to cesarean hysterectomy. Various 
studies have found it to be a safe and effective procedure, 
with low intraoperative blood loss, and its short fluoroscopy 
duration reduces radiation exposure to the fetus [53,54]. 
Uterine artery embolization (UAE), along with uterine sparing 
techniques, has been used both intraoperatively and postop-
eratively to decrease hemorrhage during cesarean hysterec-
tomy. In patients with placenta accreta, UAE has been found 
to aid placental resorption [55]. It can be used prophylacti-
cally or in emergency settings.

Management of unexpected 
(accidentally detected during the 
intrapartum period) PAS

Most PAS cases are unexpectedly detected during the intra-
partum period, at the time of either vaginal delivery or cesar-
ean section. After the delivery of the fetus, spontaneous sep-
aration of the placenta or attempts to remove the placenta 
fails in such a condition. If placenta accreta is suspected de-
pending on the uterine appearance during cesarean section, 
the case should be paused for a transient period until skilled 
and experienced surgeon arrives. In addition, the anesthesia 
team should be informed regarding the intraoperative find-
ings and should be asked to alter the type of anesthesia 
from regional to general, and blood products need to be ar-
ranged immediately. If such a facility is not available in that 
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particular center, contemplation for stabilization and transfer 
to a higher center is mandatory. Once the diagnosis of PAS 
is confirmed, rapid closure of the uterine incision should be 
performed, and obstetric hysterectomy should be performed 
as judiciously as possible. 

Delayed hysterectomy is considered when placental ad-
herence is diagnosed accidentally during cesarean section 
without adequate preparation/facility for hysterectomy and 
counseling. In such circumstances, if there is no active bleed-
ing and the vital signs of the patient are stable, the uterus 
and abdomen can be closed rapidly before transferring the 
patient to a center with a multidisciplinary specialist team. 
Secondary hysterectomy can be considered 6-10 weeks after 
the delivery [56]. This option is also applicable for patients 
who delivered vaginally; in these patients, the umbilical cord 
is ligated and cut as short as possible if PAS is highly suspect-
ed using one of the imaging tools. The benefit of performing 
delayed hysterectomy over emergency hysterectomy is to 
reduce blood loss and accidental injury to the nearby vital 
organs.

Postoperative considerations and 
management

For intensive monitoring of hemodynamic status and early 
postoperative care, the patient should be transferred to the 
ICU immediately after the surgery. Close and frequent com-
munication between the operative team and the immediate 
postoperative care team are strongly encouraged. Vital sign 
stability, any ongoing bleeding from the abdominal and pel-
vic cavity, fluid and electrolyte balance, any signs of multiple 
organ failure, and the need for any other supportive therapy 
should to be closely monitored.

The patient’s family members should be informed regularly 
about the patient’s condition. In the postoperative period, 
the patient needs to be observed for the signs and symptoms 
of Sheehan’s syndrome, which could lead to lactation failure 
in addition to other presentations.  

Conclusion

PAS is associated with significant maternal morbidity and 
mortality. The number of PAS cases has been increasing in 

recent years, and it is likely to increase further in the coming 
years due to the increasing  trend of cesarean sections and 
assisted reproductive techniques. Clinical assessment of risk 
factors for placenta accreta and prenatal imaging may help 
guide the diagnosis. Antenatal diagnosis is the key to im-
proving maternal and fetal outcomes and reducing morbidity 
and mortality. The most common traditional management of 
placenta accreta is obstetric hysterectomy, which should be 
performed by the most skilled and experienced surgeons in a 
center with a multidisciplinary team, resources, and adequate 
blood products. The conservative management of placenta 
accreta should be considered only in carefully selected cases. 
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