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Resumen
La incidencia de placentación adherida mórbidamente ha aumentado en la era actual de la 
obstetricia, en paralelo con la tasa de cesárea. La adherencia placentaria anormal contribuye 
significativamente a la morbilidad materna y requiere un manejo multidisciplinario. En esta 
revisión se presenta la epidemiología, diagnóstico prenatal y un modelo de atención multidis-
ciplinario. Se revisa en detalle los varios métodos de imágenes utilizados en el diagnóstico.  
Y se evalúa las intervenciones quirúrgicas y no quirúrgicas para el manejo de la placenta 
adherida anormalmente. 
Palabras clave: Placenta Accreta: Placenta Increta; Placenta Percreta; Cesárea Histerectomía; 
Hemorragia Obstétrica.
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AbstRAct
The incidence of morbidly adherent placentation has increased in the current era of obstet-
rics paralleling the cesarean rate. The problem of abnormal placental adherence is a signifi-
cant contributor to maternal morbidity and requires multi-disciplinary care for management. 
The epidemiology, antenatal diagnosis, and a multidisciplinary care model are presented in 
this review. Multiple methods of imaging are reviewed in detail. In addition, both surgical and 
non-surgical interventions for management of the abnormally adherent placenta are evalu-
ated.
Keywords: Placenta Accreta; Placenta Increta; Placenta Percreta; Cesarean Hysterectomy; 
Obstetric Hemorrhage
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IntroductIon

The morbidly adherent placenta is meant as a 
broad term to signify abnormal attachment and 
invasion by the placenta to varying degrees (ac-
creta, increta, and percreta). The incidence of 
morbidly adherent placenta has been steadily 
increasing in parallel to the increasing cesarean 
rate worldwide. A recent World Health Organi-
zation study reviewed the cesarean rates in 137 
countries, finding that 69 had rates above 15%, 
with many countries exceeding 30-35%(1). In the 
past 50 years, there has been a 10 fold increase 
in the incidence of placenta accreta due to an 
increase in cesarean delivery incidence and ad-
vancing maternal age, with a range from as low 
as 1 per 2 500 to as high as 1 per 530 deliver-
ies(2,3). The significance of this increase cannot 
be under estimated given the associated drastic 
increase in maternal morbidity (massive hemor-
rhage, need for large volume blood transfusion, 
intra-abdominal infection, ureteral and bladder 
damage, prolonged need for mechanical ventila-
tion, ICU admission, and fistula formation) and a 
mortality rate as high as 7%(4). In order to combat 
this phenomenon, significant efforts have been 
made to improve antenatal diagnostic capabili-
ties, pregnancy management, operative strate-
gies, and postoperative management. However, 
perhaps the most important consideration is in 
the ongoing campaign to prevent the initial ce-
sarean section(5).

Typically, the maternal morbidity and mortali-
ty will increase exponentially with the depth of 
abnormal placental invasion through the decid-
ua basalis of fibrinous Nitabuch layer. Types of 
abnormal placental invasion include: 1) placenta 
accreta –a partial, but not full thickness invasion 
into the myometrial layer, occurring in 82%, 2) 
placenta increta – full thickness myometrial in-
vasion without penetration through the serosa 
layer, representing 12%, and 3) placenta percreta 
– placental invasion through the uterine serosa 
or into adjacent pelvic structures, comprising 
the final 6%. 

The known risk factors for morbid placental ad-
herence include prior cesarean section, prior 
uterine curettage or prior uterine surgery for 
other indications (such as myomectomy), prior 
endometrial ablation, uterine embolization, and 
prior pelvic irradiation. The greatest risk factor is 
the combination of known prior uterine incision 

in the presence of a placenta previa(6). A 2006 co-
hort study has estimated the risks of placenta 
accreta in populations with and without a con-
comitant placenta previa: 

The majority of morbidly adherent placentation 
occurs in multiparous patients with at least one 
prior cesarean section. Other risk factors iden-
tified in some, but not all studies include ad-
vanced maternal age and increasing parity(8,9).

Regardless of pathophysiology (which remains 
unclear) and risk factors leading to the devel-
opment of the morbidly adherent placenta, the 
marked increase in maternal morbidity and 
mortality demands careful consideration in di-
agnosis, pregnancy management, and ultimate 
delivery planning in an attempts to mitigate the 
many increased maternal and fetal risks associ-
ated with this condition. 

Figure 1. Placeta increta at the Fundus with visual hyPervascu-
larity.

Table 1. Placenta previa and placenta accreta by number of 
cesarean deliveries(7).

No. of cesa-
rean deliveries

Previa
Previa: ac-
creta n (%)

No previa: 
accreta n (%)

First 398 13 (3.3) 2 (0.03)

Second 211 23 (11) 26 (0.2)

Third 72 29 (40) 7 (0.1)

Fourth 33 20 (61) 11 (0.8)

Fifth 6 4 (67) 2 (0.8)

>6 3 2 (67) 4 (4.7)
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Magnetic resonance imaging (MRI) has also 
been proposed as an imaging modality that 
could improve the certainty of diagnosis of ab-
normal placental invasion.  Unfortunately, MRI 
imaging of the pelvis is limited by the gesta-
tional age at the time of imaging, the placental 
location, maternal BMI, and physician/radiolo-
gist expertise in interpreting the imaging, and 
thus has not been shown to be superior to 
US as the gold standard for diagnosis. It is an 
important and often helpful, adjuvant imag-
ing tool, when available. The most important 
criteria for the diagnosis of a morbidly adher-
ent placenta include: T2 dark intra-placental 
bands, heterogeneous placenta, abnormal 
uterine bulging, adjacent organ invasion, and 
focal interruption of the myometrial wall(15). 
Ultrasound is typically preformed at 18-20 
weeks for the assessment of fetal anatomy 
and placentation; however, at more advanced 
gestations or in the setting of equivocal ultra-
sound findings, MRI can be an excellent com-
plimentary tool. There have been over 11 stud-
ies evaluating the use of MRI for the detection 
of invasive placentation, most of which are ret-

dIagnostIc ImagIng

Traditionally, the likelihood of abnormal pla-
cental invasion has been based on the clinical 
history of the patient (number of prior cesar-
ean sections) and the location of the placen-
ta on the uterine wall. Patients with placenta 
previa and prior cesarean sections have been 
shown to have an increased risk of placenta 
accreta based on retrospective data analy-
sis(10). Ultrasound has also proved extremely 
helpful in further qualifying the risk for placen-
ta accreta based on the presence or absence 
of certain characteristics, such as the presence 
of placental lacunae, abnormal placental vas-
cularity as seen on color Doppler, loss of the 
retro placental clear zone, and myometrial 
thinning. Multiple prior studies have evaluated 
the sensitivity and specificity of ultrasound for 
accreta diagnosis and several recent studies 
demonstrated sensitivity of 70-80% and spec-
ificity as high as 90+%(11-13). Generally, these 
numbers depend greatly on the location of 
the placenta with posterior placental location 
demonstrating increased difficulty in accurate 
diagnosis, as well as on the overall quality of 
imaging and experience of the specialist inter-
preting this imaging. 

Recently, Martha et al. have published the de-
velopment of the placenta accreta index (PAI), 
a mathematical calculation utilizing history of 
previous cesarean section and placental loca-
tion along with 4 highly correlated ultrasound 
indicators to improve the antenatal accuracy of 
accreta diagnosis(14). Ultrasound factors were 
developed using linear regression modeling, 
multi-parametric analysis, and ROC modeling 
to improve prediction of abnormal placental 
invasion. The individual parameters that make 
up the PAI are number of previous cesarean 
deliveries, presence of grade 2 or 3 lacunae, 
myometrial thickness, placental location, and 
presence of bridging vessels. After completing 
a retrospective analysis of 184 pregnancies with 
>1 previous cesarean delivery and presence of 
a placenta previa/low lying placenta, sensitivity, 
specificity, and probability of invasion were cal-
culated for each PAI score. A score of <3 demon-
strated at 19% probability of invasion with a 
sensitivity of 93%, where as a score >8 has a 
96% probability of invasion with a specificity of 
100%(14).

image 2. ultrasound demonstrating severely abnormal Placen-
ta lakes.

image 3. doPPler color Flow demonstrating bridging vessels.
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rospective in nature. In general, the sensitivity 
of MRI has been estimated to be 78-93% with 
specificity of 77-100%.  MRI is extremely use-
ful in the evaluation of posterior placentation, 
when ultrasound imaging is particularly diffi-
cult and less accurate(16). Imaging with MRI is 
typically carried out at 28-32 weeks gestation 
with considerations for supine maternal po-
sitioning in the left lateral decubitus position 
and a feet first approach to maximize mater-
nal comfort and minimize maternal distress. 
The bladder should be partially full to optimize 
imaging of the uterine bladder interface. Rou-
tinely, T2-weighted sequences are obtained in 
the coronal, axial, and sagittal planes. Addi-
tionally, a fat saturated T1-weighted in phase 
gradient sequence can be used to evaluate hy-
perintense hemorrhage(17).

Accurate antenatal diagnosis of placenta accre-
ta is of paramount importance for multi-dis-
ciplinary planning leading up to delivery, pa-
tient transfer to tertiary care centers capable 
of managing massive blood loss, and decision 
making regarding timing of delivery. Sever-
al studies confirmed decreased hemorrhage 
and other maternal complications in cases 
diagnosed antepartum rather than intrapar-
tum(18-21). Appropriate exclusion of this diag-
nosis is equally important in order to prevent 
un-necessary iatrogenic prematurity, invasive 
maternal procedures in anticipation of blood 
loss, and inappropriate allocation of hospital 
resources.  

Pregnancy management

There has been little agreement or standard-
ization of the management of antenatally diag-
nosed morbidly adherent placenta. However, 
there has been significant discussion in the re-
cent literature to move care of such patients to 
centers with significant experience in the man-
agement of abnormally adherent placentation. 
Silver et al have put forth the following suggest-
ed criteria for accreta centers of excellence(22):

1. Multidisciplinary team

a. Experienced Maternal-Fetal Medicine 
obstetrician

b. Imaging expert (ultrasound)

c. Pelvic surgeon (Gynecologic Oncology or 
urogynecology)

d. Anesthesiologist (Obstetric or Cardiac Anes-
thesia)

e. Urologist

f. Trauma or general surgeon

g. Interventional radiologist

h. Neonatology

2. Intensive care unit and facilities

a. Interventional radiology

b. Surgical or medical intensive care unit

a. 24 hour availability of intensive care spe-
cialists

c. Neonatal intensive care unit

a. Gestational age appropriate for neonate

3. Blood services

a. Massive transfusion capability

b. Cell saver and perfusionist

c. Experience and access to alternate blood 
products

Figure 4. t2 weighted mri sequence demonstrating myometrial 
thinning and Focal invasion.
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d. Guidance of transfusion medicine special-
ists or blood bank pathologists

A study at the University of Utah involving 141 
accreta cases managed in this multidisciplinary 
fashion demonstrated a decreased likelihood of 
requirement of large volume blood transfusions, 
need for a second surgical procedure, and low-
er composite morbidity than management with 
standard obstetric care(23).  

In addition to the goal of antenatal diagnosis, the 
goal of antenatal care should be to balance the 
risks of prematurity while avoiding the need for 
emergency delivery due to labor or bleeding. In 
general, patients may be managed in the out-
patient setting without evidence of bleeding or 
preterm labor. In order to risk stratify patients 
early in the pregnancy, transvaginal ultrasound 
can be utilized to evaluate the cervical length at 
24-28 weeks gestation. A third trimester cervi-
cal length less than 30mm is associated with a 
higher risk of hemorrhage, uterine activity, and 
preterm birth(24). Patients with a cervical length 
of less than 30mm warrant closer observation 
and a low threshold for inpatient admission. 
In the absence of any symptoms of bleeding 
or preterm labor, patients are generally sched-

uled for cesarean delivery at 34-35 weeks(25) to 
avoid any increased risks of labor or bleeding 
beyond this gestational age. Amniocentesis is 
not preformed prior to this indicated preterm 
delivery. Rather, patients are given a course of 
betamethasone approximately 48 hours prior 
to the scheduled surgery date for the purposes 
of aiding pulmonary maturity. This practice has 
been supported by a recent study demonstrat-
ing the efficacy of late preterm steroid use in the 
reduction of severe respiratory complications, 
TTN, surfactant use, and broncho-pulmonary 
dysplasia(26). 

surgIcal management

The optimal surgical approach to placenta ac-
creta continues to be debated and remains con-
troversial. Ideally, the delivery of a suspected 
accreta should occur in a tertiary center with the 
capabilities described above in a ‘Center of Ex-
cellence’. For certain, the situation necessitates 
large bore IV access, the ability for rapid trans-
fusion, and availability of significant blood prod-
ucts. Anesthesia consultation should be sought 
pre-operatively whenever possible; however, 
the potential for large blood loss and hemody-
namic instability will often necessitate the use of 
general endotracheal anesthesia. Most expert 
recommendations for surgical approach sug-
gest a skin incision which will allow adequate vi-
sualization, either midline vertical incision or low 
transverse incision with the ability to modify ex-
posure with a Cherney or Maylard incisions. The 
specific placental location should be mapped 
with ultrasound either prior to surgery or in-
tra-operatively, with the hysterotomy placement 
to avoid disruption of the placental bed.  In many 
cases this may require a trans-fundal or classical 
hysterotomy. 

Many surgeons have advocated the use of ure-
teral stent placement pre or peri-operatively 
to reduce the risk of ureteral injury, especially 
in the setting of suspected percreta, which can 
significantly distort the lower pelvic vascula-
ture. A 2009 retrospective study by Eller et al. 
demonstrated a non-significant reduction in 
ureteral injury of 0 vs. 7% (p=0.31) when stents 
were placed prior to skin incision(27). Despite a 
lack of clear evidence demonstrating improved 
outcomes with ureteral stenting, a recent sur-
vey of obstetricians demonstrated 26% utilized 
adjuvant ureteral stents in the management of 

Figure 5. Placenta increta to the level oF the serosa demons-
trating need For high classical hysterotomy. 
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placenta accreta(28). When considering ureteral 
stent placement the depth of placenta invasion 
and pelvic extension should be weighed with the 
risks of additional anesthesia time and compli-
cations of stent placement.  

Another adjuvant procedure considered peri-op-
eratively is the use of balloon occlusion of either 
the uterine arteries or internal iliac arteries for 
the purpose of decreased perfusion of the uter-
us. In general the balloons are placed but not 
inflated prior to scheduled surgery in an inter-
ventional radiology suite, and inflated at the time 
of hysterectomy. However, with the advances of 
combined IR operative suites, some centers have 
the added advantage of balloon placement in the 
same room as the planned delivery. Again, the 
risks and benefits of vessel occlusion techniques 
is a hotly debated topic. The risks of these pro-
cedures include arterial damage, infection, and 
inadvertent vessel occlusion. Additionally, critics 
have always cited the significant collateral blood 
flow to the uterus and lack of efficacy of hypo-
gastric artery ligation as significant limitations of 
this approach. A small prospective observational 
study demonstrated a reduction in both mean 
estimated blood loss (933 mL vs. 1 507 mL) and 
transfused blood products (0.67 units vs. 3.31 
units) in a subset of patients with placenta per-
creta treated with pre-operative balloon cathe-
ter placement of the internal iliac arteries versus 
standard multi-disciplinary cesarean hysterecto-
my alone(29). However, multiple case reports exist 
also describing significant complications and de-
creased utility with the use of this technique, in-
cluding one description of bilateral pseudo aneu-
rysms, unilateral arterial rupture, and thrombus 
formation compromising the lower extremity in 
a patient who suffered massive hemorrhage de-
spite the intervention(30). Given the current pau-
city of information regarding these techniques, 
patient specific characteristics (such as pre-op-
erative hemoglobin and willingness to accept 
transfusion), placental imaging, and interven-
tional radiology experience with such techniques 
at the local institution should be used to individ-
ualize care. 

conservatIve management

The conservative management of placenta ac-
creta can be viewed in two separate lights: con-
servation for the purposes of desired continued 
fertility and conservative in situations of undi-

agnosed accreta (without proper resources in 
place) or extreme percreta deemed unresect-
able. In cases of focal or limited area of abnor-
mal placentation, uterine conservation has been 
quite successful with the use of curettage of the 
affected area after placental delivery or the use 
of a wedge resection technique with repair sim-
ilar to that undertaken during a myomectomy 
with multi-layer closure of the remaining myo-
metrium and serosa. However, in cases of more 
deeply or widely invasive placentation these 
techniques are not feasible.  

In cases of significant accreta where future fertil-
ity is desired, a fundal hysterotomy is preformed, 
the cord is then ligated and returned to the uter-
us, and finally the hysterotomy is closed with the 
goal of allowing placental reabsorption to occur 
over time. A retrospective multicenter French 
trial of 131 women demonstrated relative suc-
cess with 75% of patients having total placental 
reabsorption at an average of 13.5 weeks (range 
4-60 weeks)(31). However, severe maternal mor-
bidity was noted in 6% of cases, including 7 cases 
of sepsis, 3 cases of venous thromboembolism 
/pulmonary embolism, and 1 maternal death.  
Other studies commonly list delayed hemor-
rhage, DIC, endomyometritis, and sepsis as the 
major potential complications. Of note, in this 
particular study only 28% of patients had more 
than 1 prior cesarean delivery. When counseling 
patients on the risks and benefits of conser-
vative management for fertility, consideration 
must also be given to the recurrence risk of ab-
normally adherent placentation in future preg-
nancies. A recent meta-analysis demonstrated a 
pooled recurrence risk of at least 20%(32).

In cases of conservative management due to 
unsuspected diagnosis of accreta or percreta 
deemed unresectable at the time of initial sur-
gery, there are many adjuvant therapies that 
have been employed. These include the use of 
uterotonic medication, prophylactic antibiotic 
therapy, prophylactic uterine artery emboliza-
tion, and methotrexate administration. There is 
no uniform consensus on a ‘best practice’ reg-
imen nor is there strong literature support for 
or against the vast majority. The exception is the 
use of methotrexate therapy to aid in placental 
absorption. Historically, this practice has been in 
physiologic doubt due to the low level of tropho-
blastic division in the third trimester. A further 
contributing factor to the use of methotrexate 
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is its contra-indication with breast-feeding which 
is known to improve long term neonatal and in-
fant outcomes. There are some mixed results 
of the use of methotrexate in the literature, but 
the largest cohort of conservatively managed 
patients demonstrated “no convincing evidence 
currently supports the efficacy of methotrexate 
in cases of placenta accreta left in situ…”(33). Ad-
ditionally, the potential adverse effects of meth-
otrexate administration include the potential for 
nephrotoxicity and bone marrow suppression 
leading to pancytopenia. 

A final consideration in the conservative man-
agement of placenta accreta, despite the num-
ber of adjuvant therapy or protocol utilized is 
the potential for sudden, catastrophic bleeding 
requiring emergent reoperation and hysterecto-
my. A review by Pather of 57 cases of conserva-
tively managed placenta percreta demonstrated 
that 60% required further surgery, 40% of which 
were emergent hysterectomy(34). Another review 
by Clausen et al. of 119 cases demonstrated a 
similar risk of delayed hysterectomy (58%) which 
were completed in an emergent fashion 85% of 
the time(35). Due to these risks, some have ad-
vocated for planned delayed hysterectomy, not 
truly a conservative measure, in order to at-
tempt to balance the potential of hemorrhage 
risk at initial hysterectomy with the longer term 
risks of sudden hemorrhage requiring emergent 
or unplanned reoperation. There is little avail-
able data on this hybrid approach or the optimal 
time for interval hysterectomy. A combination 
of recurrent imaging with ultrasound MRI as 
well as the trending of beta-hCG levels has been 
employed in the past to help guide the timing of 
interval hysterectomy (aiming for a balance of 
placental reabsorption and resolution of pelvic 
hyper-vascularity) but this is not a widely em-
ployed strategy and does not obviate the risk of 
ongoing complications in the intervening time.  

summary

The appropriate diagnosis and management of 
the morbidly adherent placenta remains a co-
nundrum for the obstetrician despite advances 
in care. The scope of the problem will continue 
to increase along with the cesarean delivery 
rate. What is clear is that a high clinical index of 
suspicion in patients with risk factors and care-
ful evaluation of imaging is vital to the antenatal 
diagnosis and will subsequently improve patient 

outcomes. In addition, timely recognition will 
allow referral to maternal-fetal medicine sub-
specialists capable of coordination of complex 
multi-disciplinary care in tertiary centers capa-
ble of dealing with patients in a critical care set-
ting both pre and post-operatively.
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