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INTRODUCTION

Morbidly adherent placenta (MAP) encompasses a
spectrum of conditions characterized by abnormal
adherence of the placenta to the implantation
site.1 Classification of MAP is based on the degree
of trophoblastic invasion through myometrium and
uterine serosa and includes accreta, when the villi
are attached to the myometrium but do not invade
the muscle; increta, when the placenta invades
partially through the myometrium; and percreta,
when it invades up to and beyond the uterine
serosa.2

Clinically, MAP becomes a problem during deliv-
ery when the placenta does not completely sepa-
rate from the uterus, which can be followed by a
cascade of events, including massive hemorrhage
leading to disseminated intravascular coagulation,
the need for hysterectomy, surgical injury to the
bladder, uterus, bowel, or neurovascular struc-
tures, adult respiratory distress syndrome, acute
transfusion reaction, electrolyte imbalance, and
renal failure.3–6 MAP is associated with up to one-
half of emergency peripartum hysterectomies.3–6

The incidence of MAP is increasing and seems
to parallel the increase in cesarean delivery rate.

The frequency of MAP has increased by more
than 10-fold in the past 30 years to approximately
3 cases per 1000 deliveries.7,8 Other risk factors
for MAP include any myometrial damage from pre-
vious myomectomy, endometrial defects due to
vigorous curettage resulting in Asherman syn-
drome,9 submucous leiomyomas, thermal abla-
tion,10 and uterine artery embolization.11

Placenta previa is also a risk factor for MAP; how-
ever, this may be due to the increased incidence of
placenta previa in patients with prior cesarean
sections. Silver and colleagues7 found that in the
presence of placenta previa the risk of MAP was
3%, 11%, 40%, 61%, and 67% for the first, sec-
ond, third, fourth, and fifth or greater repeat cesar-
ean deliveries, respectively. This is hypothesized
to be due to the increased risk of incomplete
reapproximation of the incised edges as the inci-
dence of repeat cesarean sections increases.
Garmi and colleagues12 were able to show
in vitro that an induced sharp decidual incision,
which would imitate the in vivo process of a cesar-
ean section, increased the invasion potential of
trophoblastic cells. Placenta previa without prior
cesarean delivery confers a very low risk of MAP,
of about 1% to 5%.
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KEY POINTS

� Incidence of morbidly adherent placenta (MAP) is increasing with the incidence of cesarean
sections.

� Ultrasound is the primary screening technique for evaluation of MAP, and MR imaging is used if ul-
trasound is limited or equivocal for high-risk patients and for delivery planning.

� MR imaging should be performed between 24 and 32 weeks of gestational age to avoid common
pitfalls.
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Maternal mortality with MAP has been reported
to be as high as 7%.13 The average blood loss at
delivery in women with MAP is estimated to be 3
to 5 L14; as many as 90% of patients with MAP
require blood transfusion, with 40% requiring
more than 10 units of packed red blood cells.2 A
multidisciplinary team including individuals with
special expertise in high-risk obstetrics, gyneco-
logic surgery, urology, radiology, obstetric anes-
thesia, and blood banking has been shown to
reduce mortality.15–18

WHY MR IMAGING?

Ultrasound (US) is the primary diagnostic tool for
MAP and is performed as the initial screening ex-
amination. In patients with a placenta previa or a
low-lying placenta after the initial screening exam-
ination performed at 18 to 20 weeks, a repeat ex-
amination at 32 weeks is recommended to
evaluate the placental location.19 US has been re-
ported to have a sensitivity of 91% and a speci-
ficity of 97% for the diagnosis of MAP in a recent
meta-analysis20 and is able to evaluate for MAP
in most cases. MR imaging is indicated when the
US evaluation is limited or equivocal for patients
with high clinical risk factors for MAP. In cases
where US has provided a definitive diagnosis,
MR imaging is usually performed for delivery plan-
ning because it is able to outline the anatomy of
the invasion, relate it to regional vascular system,
and confirm parametrial invasion and possible ure-
teral involvement.21

HOW TO DO IT?

MR imaging sequences with high temporal resolu-
tion and good contrast-to-noise ratios are used for
placental imaging. MR imaging is typically per-
formed on a 1.5-T system; however, recently 3 T
has been used by some institutions to perform
their fetal imaging as well. A study by Victoria
and colleagues22 comparing 1.5 T and 3 T for fetal
imaging found that although some structures like
spine and cartilage were better seen on 3 T and
their imaging scores improved with increasing
gestational age, overall, more imaging artifacts
were seen on the 3-T MR imaging. No specific ar-
ticles exist to date evaluating the usefulness of 3-T
MR imaging in placental imaging. The American
College of Radiology (ACR)–Society for Pediatric
Radiology Practice Parameter for safe and optimal
performance of fetal MR imaging suggests
absence of any reported adverse effects to the
mother or developing fetus at 3 T or weaker mag-
netic fields; however, the investigators acknowl-
edge that most of their data were from research

involving 1.5 T or less.23 A multichannel phased
array coil is typically used, and the examination
typically takes about 15 to 30minutes to complete.
If the patient cannot tolerate a supine position,
especially in the later part of pregnancy, a left
lateral decubitus or oblique position may be better
tolerated. This position decreases the risk of
impaired venous return from caval compression
by the uterus. Ideally, the bladder is only partially
distended both for patient comfort and to be
able to evaluate bladder wall invasion if present.
Breath-hold techniques can be used to minimize
breathing motion artifacts.
Single-shot T2-weighted (T2W) echo-planar fast

spin-echo sequences in multiple planes are used
to image the placenta. Acquisitions in axial,
sagittal, and coronal plane with respect to the
uterus are performed to image all regions of the
placenta. True fast imaging with steady state pre-
cession (FISP) can also be used to help eliminate
artifacts caused by maternal and fetal motion. At
the author’s institution, they acquire True FISP im-
ages in all 3 planes as well. T1-weighted images
can be acquired to evaluate for areas of hemor-
rhage if placental abruption is of concern; howev-
er, T1-weighted images need not be performed as
routine. Gadolinium-based contrast agents
(GBCA) can add to the diagnostic value of T2-
weighted imaging (T2WI) for the diagnosis of
placenta accreta; however, they are rarely used
in pregnant women due to persistent uncertainty
regarding fetal risks posed by GBCA crossing
the placenta. Millischer and colleagues24 found
an increase in the accuracy of diagnosis in both
the senior and the junior radiologist on addition
of gadolinium to their examinations. The Contrast
Media Safety Committee of the European Society
of Urogenital Radiology reviewed the literature and
determined that no effect on the fetus has been re-
ported following the use of gadolinium contrast
media25; however, the ACR guidelines recom-
mend that intravenous gadolinium should be
avoided during pregnancy and should be only
used if absolutely essential.26 The protocol used
at the author’s institution is shown in Table 1. In
addition, a radiologist is always available to review
the images before the patient is taken off the
gantry table and to suggest any additional or obli-
que images if necessary.
Recently, the utility of diffusion-weighted imag-

ing (DWI) in defining placental invasion was evalu-
ated by Morita and colleagues.27 DWI at a b value
of 1000 s/mm2 clearly defined the border between
the placenta and myometrium because only the
placenta showed very high signal intensity at this
high b value. The corresponding image at a b value
of 0 s/mm2 showed the myometrium with high
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