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Placenta previa, placenta accreta, and vasa previa cause significant maternal and perinatal morbidity
and mortality. With the increasing incidence of both cesarean delivery and pregnancies using assisted
reproductive technology, these 3 conditions are becoming more common. Advances in grayscale and
Doppler ultrasound have facilitated prenatal diagnosis of abnormal placentation to allow the devel-
opment of multidisciplinary management plans to achieve the best outcomes for mother and baby.
We present a comprehensive review of the literature on abnormal placentation including an evidence-
based approach to diagnosis and management.

Targeted Audience: Obstetricians & Gynecologists, Family Physicians.

Learning Objectives: After completing this CME activity, physicians should be better able to: assess risk factors

associated with placenta previa, placenta accreta, and vasa previa; evaluate sonographic characteristics of placenta

previa, placenta accreta, and vasa previa; formulate antepartum management plans and delivery plans for patients with

placenta previa, placenta accreta, and vasa previa; implement preoperative planning and surgical techniques used in

management of placenta previa, placenta accreta, and vasa previa; and categorize the risks and benefits associated with

conservative management of placenta accreta.

Placenta previa, placenta accreta, and vasa previa
cause significant maternal and perinatal mortality and
morbidity. Antepartum bleeding secondary to placenta
previa is responsible for a perinatal mortality rate of
2.3%, whereas undiagnosed vasa previa has a fetal
mortality rate of approximately 60%.1,2 In the United
States, the rate of peripartum hysterectomy for pla-
centa accreta increased by 20% between 1994 and
2007, whereas in Ireland, placenta accreta as an indi-
cation for peripartum hysterectomy increased over a
40-year period (1966Y2005) from 5.4% to 46.5%.3,4

An average blood loss of 3 to 5 L can be expected at

the time of delivery in the most severe cases of pla-
centa accreta and maternal mortality has been reported
in up to 7% of cases.5,6 Advances in ultrasound have
facilitated the prenatal diagnosis of these conditions
to allow the development of multidisciplinary man-
agement plans to achieve the best outcomes for the
mother and her baby. The purpose of this review was
to provide an evidence-based approach to the diagno-
sis and management of these 3 major causes of peri-
natal and maternal morbidity. This review will present
the risk factors, sonographic characteristics, antepar-
tum management, and delivery planning associated with
placenta previa, placenta accreta, and vasa previa.

PLACENTA PREVIA

Placenta previa occurs when the placenta covers the
cervix either completely or partially. When the cervix
dilates or the lower uterine segment (LUS) effaces,
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bleeding can result because of placental separation
and the proximity of the placenta to the cervix. Trans-
vaginal ultrasound (TVUS) allows localization of the
placenta in relation to the internal cervical os with
great precision. Complete placenta previa entirely cov-
ers the internal os, whereas marginal placenta previa
has the inferior placental edge adjacent to the internal
cervical os or within 2 cm of the internal cervical os.7

Partial placenta previa has the inferior placental margin
partially overlapping the internal cervical os.8 When the
placenta is greater than 2 cm from the cervix, there is
no increased risk of bleeding.8,9

Except for cases of complete central previa in the
second trimester, definitive diagnosis of placenta previa
should be avoided in asymptomatic patients before
the third trimester, as many cases identified early in
pregnancy will resolve as pregnancy advances. First-
trimester bleeding should not be attributed to a previa
because this diagnosis is not appropriate for describing
placental location this early in gestation. The term low-
lying placenta provides little information about clinical
significance, although it may be an appropriate term in
the first and second trimesters. However, it is preferable
for sonologists to precisely describe the relationship of
the placenta to the cervix or the actual distance between
the placental edge and the internal cervical os. Ninety
percent of placentas identified as low-lying in early
pregnancy will resolve by the third trimester.10 This
phenomenon is thought to be due to trophotropism
where the placenta grows toward a better blood supply
at the fundus, leaving distal portions of the placenta
closer to the relatively poor blood supply of the LUS to
regress and atrophy. Differential elongation of the LUS
may further increase the distance between the lower
placental edge and the cervix without trophotropism.

Incidence and Risk Factors

Placenta previa affects 1 of every 200 pregnan-
cies at term.11 Faiz and Ananth12 performed a meta-
analysis of 58 studies on placenta previa between
1966 and 2000 determining an overall prevalence
rate of 4.0 per 1000 births. The underlying cause
of placenta previa is unknown. However, there is a
clear association between placental implantation in
the LUS and prior endometrial damage and uterine
scarring that result from curettage, surgical insult,
prior placenta previa, and multiple prior pregnancies.8

There is an increasing incidence of placenta previa
related to the increasing rate of cesarean delivery in
developed countries.13 A single prior cesarean deliv-
ery almost doubles the baseline risk for development
of placenta previa in a subsequent pregnancy from
0.38% to 0.63% and the incidence of placenta previa

rises even further with more than 2 prior cesarean de-
liveries (Table 1).13Y16 Advanced maternal age is asso-
ciated with a 2% incidence of placenta previa after
age 35 and that risk increases to 5% after age 40.9,17,18

Multiparity, prior spontaneous and induced abortions,
and smoking are all associated with higher risks of
previa (Tables 1).17,19Y21 Iyasu et al9 reported that Asian
race was associated with twice the risk of placenta previa
compared with other ethnicities. Obed and Adewole22

reported a 2.5-fold increased risk of placenta previa in
women with a history of first-trimester threatened abor-
tion. For unknown reasons, pregnancies complicated by
placenta previa have been reported to be associated with
higher rates of fetal anomalies,1 neurodevelopmental
delay,23 and sudden infant death syndrome.24

Antepartum Hemorrhage

In cases of placenta previa, bleeding may occur
before labor as a result of development of LUS and
effacement of cervix with advancing gestation as well
as uterine contractions. Although evidence is lacking,
antepartum bleeding has also been attributed to inter-
course and injudicious vaginal examination. Significant
bleeding occurs once true labor begins as the cervix
dilates and the placenta separates from underlying
decidua. The classic history is that of painless third-
trimester bleeding. Several small ‘‘herald bleeds’’ may
precede major hemorrhage with no bleeding until the
onset of labor in 10% of cases.25 Ghi et al26 noted that
a transvaginal cervical length of 31 mm or less was
associated with an almost 50% risk of hemorrhage
and emergency cesarean delivery before 34 weeks
in patients with complete placenta previa. Likewise,
Stafford et al27 reported that a third-trimester cervical

TABLE 1

Risk Factors for Placenta Previa*

OR (95% CI)

Prior cesarean deliveries

1 4.5 (3.6Y5.5)
2 7.4 (7.1Y7.7)

3 6.5 (3.6Y11.6)

4 44.9 (13.5Y149.5)

Induced or spontaneous abortions
1 1.6 (1.3Y1.8)

2 2.3 (1.8Y3.0)

3 3.7 (2.7Y5.2)
Parity

1 1.9 (1.5Y2.5)

2 2.2 (1.7Y3.0)

3 2.6 (1.8Y3.8)

*Am J Obstet Gynecol (1997;177:1071Y1078), Am J Obstet Gynecol

(1993;166:641Y645), and Obstet Gynecol (1996;88:511Y516).

CI indicates confidence interval; OR, odds ratio.
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length of 30 mm or less was associated with an in-
creased risk for hemorrhage, uterine activity, and pre-
term birth in pregnancies with placenta previa. Zaitoun
et al28 found that cervical length of 30 mm or less,
and increased lower placental edge thickness mea-
surements accurately predicted the risk of antepartum
hemorrhage and emergency cesarean delivery in pa-
tients with complete placenta previa. Saitoh et al29

found the risk of sudden, severe hemorrhage was 10 times
higher in women with complete placenta previa with
an echo-free space in the placental edge overlying the
internal os compared to women with other types of pla-
centa previa. In contrast, Hasegawa et al30 reported that
no ultrasound finding, including cervical length, could
predict bleeding episodes or the need for an eventual
emergency cesarean delivery.

All women with painless vaginal bleeding after
20 weeks’ gestation should be assumed to have placenta
previa until proven otherwise. Digital or speculum ex-
amination should not be performed until placenta previa
has been excluded by ultrasound. The ‘‘double-setup’’
examination was common before the ready availability
of ultrasound and is still performed in developing
countries. The patient with late pregnancy bleeding is
taken to the operating room and preparations are made
for cesarean delivery. A careful vaginal examination
is performed beginning in the vaginal fornices while
avoiding placement of the examining fingers directly
into the cervix. A cesarean delivery is then performed
if placenta previa is detected or hemorrhage ensues.

Prenatal Diagnosis

In all patients, TVUS should be performed to care-
fully evaluate the relationship of placenta to the cer-
vix. Visualizing a fundal placenta on transabdominal
ultrasound does not remove the need to perform
TVUS as the placenta can extend from fundus to the
cervix or be associated with a succenturiate lobe. Con-
cerns for the potential of TVUS to provoke bleeding
are unfounded and several studies confirm the safety of
a careful TVUS approach.31 The technique for TVUS
of placenta previa involves placing the transducer
within the vagina about 2 cm from the anterior lip of
the cervix with the angle between the transducer and
cervical canal at 35 degrees to prevent entry of the
probe into the cervix.8 Translabial imaging using the
transabdominal ultrasound probe can also produce ex-
cellent results with better visualization of relationship
between cervix and placenta than conventional trans-
abdominal scanning.32

Transabdominal ultrasound overdiagnoses low-lying
placenta especially when the bladder is empty and is

associated with incorrect diagnoses approximately 25%
of the time.8,33 Transvaginal ultrasound findings in
the first and second trimesters may not correlate with
placental position at term and up to 10 times more
women are found to have ‘‘placenta previa’’ in the
first or second trimester than at delivery.34 The posi-
tive predictive value for placenta previa at delivery
increases the later in gestation that previa is detected
sonographically.35 It is less likely that placenta previa
will persist at delivery earlier in pregnancy that the
diagnosis is made as 12% and 34% of previas diag-
nosed at 15 to 19 and 20 to 23 weeks’ gestation, re-
spectively, persisted until delivery in a retrospective
cohort at Parkland Hospital.35 Taipale et al36 reported
that screening for placenta previa at 18 to 23 weeks’
gestation was more effective than screening at 12 to
16 weeks’ gestation because the prevalence of previa
had decreased from 4% to 1% by the later interval.
Lauria et al37 found that placental overlap of the cer-
vical os by 10 mm before 24 weeks’ gestation was
associated with a 38% risk of persistence until deliv-
ery, which increased to 57% with any degree of previa
after 24 weeks’ gestation. The likelihood of persis-
tence of placenta previa to term is also related to
thickness of placental edge. Ghourab38 found that per-
sistence was more likely in placenta with a thin edge
(e1 cm and/or angle of placental edge G 45 degrees)
rather than a thick edge (91 cm and/or angle of pla-
cental edge 945 degrees).

Follow-up ultrasound should be performed at 32
weeks’ gestation to confirm placental position, and a
final study may be performed at 36 weeks’ gestation
before deciding on route of delivery in cases in which
a marginal or partial previa persists at 32 weeks.
Oyelese39 demonstrated that the likelihood of per-
sistence of complete previa and marginal previa at
delivery was significantly higher in patients with a
prior cesarean delivery. At 24 to 27 weeks, patients
with a marginal previa and no prior cesarean had a
12% chance of persistence at delivery compared with
40% for patients with a prior cesarean delivery. Simi-
larly, for patients with a complete previa and no history
of prior cesarean, at 24 to 27 weeks, the likelihood of
persistence at delivery was 56% compared with 84%
in those with a prior cesarean delivery.

Antepartum Management

Delivery is appropriate for definite placenta previa
at or beyond 36 weeks with bleeding. Delivery should
take place if bleeding is excessive or there are con-
cerns about fetal condition after viability. In all other
cases, conservative management has been shown to
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be safe with prolongation of pregnancy by an average
of 4 weeks after the initial bleed, although signifi-
cant prolongation of pregnancy is less likely closer to
36 weeks’ gestation.40 Betamethasone to enhance lung
maturity should be administered to patients less than
34 weeks’ gestation.

Use of tocolytics is controversial in the setting
of hemorrhage. Aggressive expectant management of
symptomatic placenta previa with long-term tocolysis
was proposed in the early 1980s, with anecdotal re-
ports of successful prolongation of pregnancy.41,42 One
prospective randomized trial and 2 retrospective anal-
yses report significant prolongation of pregnancy with-
out increased morbidity or mortality in women with
symptomatic placenta previa using ritodrine for toco-
lysis, although no reduction in the frequency or sever-
ity of bleeding was noted.43Y45 However, A-mimetics,
which were used for tocolysis in these 3 studies, are
associated with significant adverse effects especially
maternal tachycardia, which can mask the physiologic
response to severe volume depletion from hemorrhage.
As such, further research is needed, and the risks and
benefits of tocolysis should be considered before re-
commending their use in symptomatic patients with
placenta previa.

After initial presentation, patients should remain
in the hospital until free from bleeding for 48 hours,
and some of these patients may be considered for
outpatient management, which seems to be a safe
approach.46 Criteria for home management include a
patient who is asymptomatic with no bleeding or
abdominal pain, able to remain at home with limited
activity, has adequate support at home and access to
telephone, and has adequate access to transport to a
nearby hospital if bleeding recurs. The likelihood of
recurrent bleeding after an initial episode is greater than
60% and a second significant bleeding episode results
in readmission until delivery because these patients
are at a higher risk for earlier delivery and have lower-
birthweight babies.46,47 Cervical length surveillance in
patients with placenta previa may be appropriate to
identify patients at increased risk for hemorrhage.

There is no conclusive evidence to support bed rest,
reduced activity, or avoidance of intercourse to reduce
the risk of antepartum hemorrhage. Cervical cerclage
in cases of placenta previa was evaluated in 2 small
prospective studies without clear benefit and is not
recommended.48,49

Delivery Considerations

Some investigators contend that all women whose
placenta lies within 2 cm of the cervix by TVUS in

the third trimester should be delivered by cesarean
delivery because more than 90% of women with pla-
cental edge-to-internal os distance less than 2 cm re-
quired cesarean delivery, whereas 63% of women
with a distance greater than 2 cm had a vaginal de-
livery.50,51 These findings may be biased as the physi-
cians in these studies were not blinded to the ultrasound
examinations.

If the distance between the lower edge of the pla-
centa and the internal cervical os is less than 10 mm,
the risk of bleeding before labor is 29%, and 75% of
these women will require cesarean delivery due to
bleeding in labor.52 If the placenta-to-os distance is
greater than 10 mm, the risk of antepartum hemor-
rhage is only 3%, and some suggest that these women
may be offered a trial of labor because 69% of women
with a placental edge to internal os distance of 11 to
20 mm delivered vaginally without an increased risk
of hemorrhage.52 Bronsteen et al53 found a vaginal
delivery rate of 76.5% among women with placenta-
to-os distances of 1 to 2 cm and 27.3% among women
whose placenta was within 1 cm of the internal cervi-
cal os. However, women with a placenta edge within
4 cm of the internal os have an increased risk of post-
partum hemorrhage regardless of mode of delivery be-
cause of the weak contractile ability of the LUS.39

The Royal College of Obstetricians and Gynae-
cologists in the United Kingdom recommends that
cesarean delivery for placenta previa be performed
by the most experienced team available owing to the
substantial risk of intraoperative hemorrhage.54 How-
ever, it is common practice in the United States for
many of these patients, especially those with uncom-
plicated previas, to be delivered of their infants by res-
ident physicians and junior attending physicians.

A low-transverse (Kerr) incision is appropriate. For
anterior placenta previa, operators should clamp the
umbilical cord immediately after delivery of the infant
to prevent excessive blood loss caused by disruption
of placenta on entry, and a classic, vertical incision
may be required in such cases if there is malpresenta-
tion or to avoid a complete central previa.55 Because
inhaled anesthetics cause uterine relaxation, regional
anesthesia is associated with lower operative blood loss
and less need for transfusion than general anesthesia.56

Postpartum hemorrhage may occur from the placental
implantation site due to atony and may require com-
bination pharmacological agents. The B-Lynch suture,
local suturing of the placenta bed, or intrauterine bal-
loon tamponade may also be needed to control bleed-
ing.57Y59 Hysterectomy may be required in cases of
refractory hemorrhage. Al-Harbi et al60 and Ge et al61

reported the safety and effectiveness of uterine packing
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with sterile gauze in control of intractable hemorrhage
during cesarean delivery for placenta previa especially
in developing countries. Law et al62 described the topical
application of hemostatic gel to provide effective he-
mostatic control in the LUS at the time of laparotomy
for postpartum hemorrhage after cesarean delivery for
placenta previa.

Elective delivery should be performed in women
with known placenta previa before significant bleed-
ing has occurred. It is reasonable to plan delivery at
or just after 36 weeks’ gestation because there is little
fetal advantage after this time compared to the risk of
sudden catastrophic bleeding. Amniocentesis has his-
torically been performed to confirm fetal lung matu-
rity (FLM), but the risk of hemorrhage with delayed
delivery outweighs the risk of fetal lung immaturity at
this gestational age. A recent decision analysis dem-
onstrated that steroid administration at 35 weeks 5 days
followed by cesarean delivery at 36 weeks without
amniocentesis optimized maternal and neonatal out-
comes for women with placenta previa.63

PLACENTA ACCRETA

Placenta accreta involves trophoblastic invasion be-
yond the normal boundary established by the spon-
giosus (Nitabuch) layer within the decidua basalis with
attachment of chorionic villi to the myometrium. Pla-
centa increta results when invasion of chorionic villi
extends into the myometrium. Placenta percreta refers
to invasion of chorionic villi through the myometrium
beyond the uterine serosa involving the bladder and/or
other pelvic organs. In all cases of placental attach-
ment disorders, Miller et al64 found 75% to be placenta
accreta, 18% increta, and 7% percreta. Hysterectomy is
usually required to control or prevent life-threatening
hemorrhage, and there is a frequent need for transfu-
sion of blood products. Placenta accreta accounts for
33% to 50% of all emergency peripartum hysterecto-
mies, and at tertiary centers, antenatal diagnosis has
been shown to reduce blood loss and other operative
complications.65Y69 Optimal management of women
with placenta accreta requires recognition of clinical
risk factors, accurate prenatal diagnosis, comprehen-
sive maternal counseling, coordinated multidisciplinary
planning, and meticulous surgical technique to ensure
safety for mother and fetus at the time of delivery.70

Incidence and Risk Factors

In 1985, the incidence of placenta accreta was
0.8 per 1000 deliveries.71 More than 20 years later,
the incidence has risen to 3 per 1000 deliveries.4

Wu et al72 reported a 10-fold rise in the incidence of
placenta accreta since the 1970s, which parallels the
increasing rate of cesarean deliveries in the United
States, which accounted for 32.8% of all births in
2008.73 The strongest association exists with pla-
centa previa and prior uterine surgery.74,75 Additional
risk factors for placenta accreta include advanced
maternal age, smoking, multiparity, short cesarean-
to-conception interval, prior uterine curettage or sur-
gery, uterine irradiation, and endometrial ablation
(Table 2).72,76,77 Blanc et al78 suggest that uterine-
sparing surgical management of intractable postpartum
hemorrhage involving triple uterine artery ligation and
hemostatic placental bed suturing may be associated
with a risk of abnormal placentation and other ad-
verse obstetric outcomes in a subsequent pregnancy.
The risk of placenta accreta in the presence of pla-
centa previa increases with the number of prior cesar-
ean deliveries, rising from 11% after 1 prior cesarean
to 40% after 2 prior cesarean deliveries, 61% after
3 prior cesarean deliveries, and 67% after 4 or more
prior cesarean deliveries (Table 2).71 In patients with-
out a placenta previa, the risk of placenta accreta is
less than 1% after 5 cesarean deliveries and approaches
5% with greater than 6 prior cesarean deliveries.75

Esh-Broder et al79 recently observed that the risk
of placenta accreta is significantly higher in in vitro
fertilization (IVF) pregnancies (0.167%) compared with
spontaneous pregnancies (0.012%) possibly because
of the differences in the endometrial environment or
changes in the endometrium from IVF treatment
protocols.

Pregnancies in women with a history of endome-
trial ablation carry a significant risk of poor obstetric
outcome including an 18% rate of placenta accreta.

TABLE 2

Risk Factors for Placenta Accreta*

Placenta previa

Prior uterine curettage

Advanced maternal age

Smoking
Multiparity

Short cesarean-to-conception interval

Advanced reproductive technology/IVF

Uterine irradiation
Endometrial ablation
Prior uterine surgery

Prior Cesarean Deliveries Risk of Placenta Accreta

1 11%
2 40%

3 61%

4 67%

*Obstet Gynecol (1985;66:89Y92).

507Abnormal Placentation & CME Review Article

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Hare and Olah80 reported a 32.3% rate of placenta
accreta in a series of 70 pregnancies after various
endometrial ablation treatments and 71% of these preg-
nancies after endometrial ablation underwent cesarean
delivery. Patni et al81 recommend that all pregnancies
after endometrial ablation should be assumed to have
abnormal placentation until proven otherwise and pre-
parations for delivery should be made accordingly.
Hamar et al82 report a case of preterm premature rup-
ture of membranes and placenta increta in a pregnancy
after saline balloon thermal ablation for dysmenor-
rhea with complete absence of established sonographic
markers for abnormal placentation. The patient had
several ultrasound evaluations by the maternal-fetal
medicine service both before and after rupture of mem-
branes using grayscale, color Doppler, and power
Doppler imaging, which demonstrated a normal ante-
rior placenta. These investigators hypothesized that
placentation after endometrial ablation may differ from
placentation in classic placenta accreta as the placenta
is globally adherent to an abnormal uterine lining
which limits focal placental invasion thus preventing
development of classic ultrasound findings described
for placenta accreta.83

Pathophysiology

Two possible mechanisms for the pathophysiol-
ogy and formation of placenta accreta have been pro-
posed and it is likely that both play a role. In cases
of abnormal decidualization, a localized defect in the
natural decidual barrier, due to cesarean delivery or
myomectomy scar, uterine curettage, pelvic radiation,
or localization of placenta to an area deficient of de-
cidua around the cervical os, allows the trophoblast
to break through the decidua and invade the uterine
wall.84 The excessive trophoblastic invasion of pla-
centa accreta may be associated with overexpres-
sion of certain CD44 receptors also seen in highly
metastatic choriocarcinomas, changes in trophoblast
growth factors and angiogenesis factors, altered adre-
nomullin gene expression, and mitochondrial DNA
mutations.85Y88

Complications associated with placenta accreta at
the time of delivery include damage to bladder, bowel,
ureters, and neurovascular structures in the retroperi-
toneum and lateral pelvic sidewalls from placental im-
plantation and removal.89 Amniotic fluid embolism,
postoperative thromboembolism, infection, multisystem
organ failure, and maternal death have all been reported
in association with placenta accreta.90,91 The incidence
of maternal death may be as high as 6% to 7% in some
case series.6 Complications from transfusion of large

volumes of crystalloid, blood products, and other vol-
ume expanders may also occur including dilutional
coagulopathy, consumptive coagulopathy, immediate
transfusion reactions, transfusion-associated lung injury,
acute respiratory distress syndrome, and electrolyte
abnormalities.92 Rosen93 reported that admission to the
intensive care unit was required for 51.6% of women
with placenta accreta, with 29% of these patients
having intraoperative complications, whereas 40% had
postoperative complications. Although very rare, uter-
ine rupture secondary to placenta percreta has also been
reported.94,95

Prenatal Diagnosis

The diagnosis of placenta accreta can usually be
made by ultrasound (Table 3). It is important to make
the diagnosis before delivery because intraoperative
hemorrhage can be massive and placenta accreta is
the most common indication for emergency peripartum
hysterectomy.96 Comstock97 reported a sensitivity of
80% and a specificity of 95% using only the pres-
ence of placental lacunae to make the diagnosis. Chou
et al98 observed that color-flow and power Doppler
sonography may facilitate the diagnosis with 82%
sensitivity and 97% specificity. Dwyer et al99 found
no statistical difference in sensitivity or specificity be-
tween ultrasound and magnetic resonance imaging
(MRI), as sonography demonstrated 93% sensitivity
and 71% specificity, whereas MRI showed 80% sen-
sitivity and 65% specificity.

The normal placenta has a homogenous appearance
on ultrasound with a hypoechoic boundary between
the placenta and the bladder representing myometrium
and the normal retroplacental myometrial vasculature.
The loss of this sonolucent retroplacental zone is asso-
ciated with 57% sensitivity and 52% specificity for
placenta accreta.100 The presence of multiple vascular
lacunae within the placenta has 79% sensitivity and
92% positive predictive value for placenta accreta.100

These lacunae frequently demonstrate low-resistance
turbulent flow with high peak systolic velocities.101

Sonographic findings may also include vascular or pla-
cental projections bridging the uterine-placenta mar-
gin, the myometrial-bladder interface, or penetrating

TABLE 3

Ultrasound Findings of the Placenta Accreta

Placental lacunae with low-resistance turbulent flow and high

peak systolic velocities

Loss of sonolucent retroplacental zone

Vascular or placental projections into the myometrium, bladder,
or uterine serosa

Retroplacental myometrial thickness G1 mm with placenta lacunae
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the uterine serosa. A retroplacental myometrial thick-
ness of less than 1 mm in the presence of placental
lakes is associated with a 72% positive predictive value
for placenta accreta.102 Shih et al101 recently reported
the use of 3-dimensional (3D) power Doppler as a
complementary technique for the antenatal diagnosis
of placenta accreta, with the finding of hypervascular-
ity or ‘‘numerous coherent vessels’’ having 97% sen-
sitivity, 92% specificity, and 76% positive predictive
value albeit in a small series. The 3D power Doppler
pattern in placentas without accreta shows the cotyle-
donal and intervillous circulation in parallel to each
other and perpendicular to the decidual plate, whereas
in placenta accreta, these circulations cannot be dis-
criminated because numerous dilated vessels fuse into a
large vascular complex involving the placental base.101

Magnetic resonance imaging has been used to con-
firm the diagnosis of placenta accreta or better delin-
eate the presence or extent of an accreta if ultrasound
is inconclusive, and the Royal College of Obstetri-
cians and Gynaecologists (RCOG) recommends its
use to complement ultrasound in equivocal cases.70,103

Magnetic resonance imaging is most useful for poste-
rior placenta previa and in the assessment of deep
myometrial, parametrial, and bladder involvement.104

Overall, MRI has a sensitivity of 80% to 88% and
specificity of 65% to 100% in diagnosing accreta.105

However, the reported predictive accuracy of MRI or
US may not be observed in settings where placenta
accreta is infrequently encountered. The most com-
monly cited MRI criteria on T2-weighted images for
the diagnosis of placenta accreta include dark intra-
placental bands, heterogenous signal intensity in the
placenta, focal areas of uterine bulging, and loss of in-
terface with adjacent organs.106 Although some authors
believe that gadolinium-enhanced MRI improves the
delineation between myometrium and placenta in-
creasing specificity and no adverse fetal outcomes have
been reported, intravenous administration of gadolin-
ium during pregnancy is controversial as gadolinium
crosses the placenta.70,107 There is no evidence that
MRI improves outcomes or pregnancy management.89

Elevated second-trimester maternal serum>-fetoprotein
levels have been associated with placenta accreta.
Zelop et al108 noted a direct relationship between ex-
tent of placental invasion and the elevation of this
analyte. Hung et al109 observed that an MSAFP greater
than 2.5 multiples of the median (MoM) and free
A-hCG greater than 2.5 MoM were independently as-
sociated with placenta accreta. No serum markers have
been evaluated prospectively to determine optimal
screening or diagnostic thresholds. However, MSAFP
testing among women with increased risk for placenta

accreta may be appropriate even among patients who
otherwise do not desire prenatal diagnosis or screening.

Zaitoun et al28 and Simonazzi et al110 suggest a role
for measurement of cell-free placental mRNA in ma-
ternal plasma in increasing diagnostic accuracy in
cases of placenta accreta as higher circulating levels
of mRNA for hPL, KiSS1, PLAC1, and VEGF genes
were associated with placenta accreta.

First-trimester diagnosis of placenta accreta is pos-
sible although these entities may have historically
been categorized as cervical or cesarean scar ectopic
pregnancies.111 Massive hemorrhage after first-trimester
suction curettage or a mass between the uterine wall
and bladder with rising A-hCG after dilation and curet-
tage may suggest a placenta accreta.112,113

Antepartum Management

Patients with placenta accreta should be scheduled
for delivery in an institution with appropriate surgical
facilities and a blood bank that can facilitate transfu-
sion of large quantities of blood products. Maternal
oral iron supplementation or intravenous iron therapy
to maximize iron stores and oxygen-carrying capacity
may be beneficial. Other than serial cervical lengths to
assess risk of hemorrhage, antepartum surveillance is
not necessary unless clinically indicated as placenta
accreta itself is not associated with an increased risk
of intrauterine growth restriction or fetal death.114,115

Delivery Considerations

Timing of delivery in cases of placenta accreta
is controversial and depends on specific clinical cir-
cumstances and the extent of placental invasion.89 A
recent decision analytical model suggests that deliv-
ery at 34 weeks of gestation may be optimal and that
amniocentesis for determination of FLM does not
improve outcomes and is not recommended.116 To
reduce the likelihood of unscheduled emergent deliv-
ery at term, Pacheco and Gei117 recommend delivery
between 34 and 37 weeks without documentation of
FLM by amniocentesis if no antepartum bleeding or
other complication arises, and if there is debate on the
timing of delivery at 34 weeks or later, these authors
favor delivery to prevent emergent bleeding and emer-
gent deliveries if the cervix is less than 30 mm and
the gestational age greater than 34 weeks.

On the basis of the current literature, delivery in
cases of placenta accreta uncomplicated by ante-
partum hemorrhage should be planned and occur by
37 weeks after administration of antenatal corticos-
teroids without confirmation of lung maturity. Patients
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with placenta accreta and a history of antepartum
bleeding and/or a cervix less than 30 mm should have
planned delivery at 34 weeks after antenatal cortico-
steroid administration. These recommendations bal-
ance the risk of prematurity with the risk of emergent
unplanned delivery for hemorrhage or labor.

A multidisciplinary team approach is best to reduce
complications and minimize overall morbidity and
mortality with preoperative consultations including
anesthesiology, maternal-fetal medicine, gynecologic
oncology, urology or urogynecology, general or vas-
cular surgery, and interventional radiology.107,118,119

Eller et al120 demonstrated that maternal morbidity is
reduced in women with suspected placenta accreta
who deliver in a tertiary hospital with a multidisciplin-
ary care team. Russo et al121 also reported favorable
maternal and fetal outcomes with a multidisciplinary
team approach to management of placenta accreta.

Surgery for placenta accreta is typically prolonged
with mean published operative times of 2 to 3 hours,
and general anesthesia may be most appropriate in
cases of anticipated severe hemorrhage, although the
required amount of blood products is difficult to pre-
dict.122 Average intraoperative blood loss is 2 to 5 L,
although 10 L of blood loss has been reported.114,122

O’Brien et al6 found that 90% of patients with pla-
centa percreta were transfused with 40% receiving
10 or more units of packed red blood cells (PRBCs),
whereas Warshak et al69 reported that 75% of pla-
centa accreta cases required blood transfusions with
a mean of 5.4 (2.1) units of PRBCs. A series of pla-
centa accreta cases from New YorkYPresbyterian
Columbia University Medical Center from 1994 to
2008 reported a 95% incidence of transfusion. with
39% requiring 10 or more units and 11% requiring
20 or more units.123 Snegovskikh et al124 recommend
a massive transfusion protocol be implemented at
any institution providing obstetrical services. Stotler
et al123 describe a multidisciplinary team approach for
predelivery transfusion planning to ensure adequate re-
sources are available to optimize maternal outcomes.

Immediate preoperative ultrasound mapping of pla-
cental location can assist in determining optimal
approach as abdominal and uterine incisions can be
planned to provide adequate visualization and avoid
disturbing the placenta before delivery of fetus.107

Perioperative ureteric stent placement can facilitate
palpation of ureters intraoperatively, although ure-
teric trauma has not been significantly reduced with
this approach in retrospective series.125 However,
Ng et al118 reported a lower incidence of urologic com-
plications after preoperative urologic assessment with
placement of temporary ureteral catheters in a small

series. Prophylactic antibiotics should be administered
1 hour before surgery and repeated if the surgery is
prolonged or if heavy bleeding occurs.126

Endovascular Interventions

Preoperative pelvic artery occlusion has been rec-
ommended to reduce intraoperative blood loss with
inflation of balloons after delivery of the infant, al-
though it has not been confirmed to either improve
outcomes or reduce blood loss.125,127,128 However,
Tan et al129 and Carnevale et al130 reported their ex-
periences with prophylactic balloon occlusion of the
internal iliac artery after fetal delivery and before per-
formance of hysterectomy for placenta accreta and
demonstrated a reduction in blood loss and transfusion
requirements. Prophylactic pelvic artery catheterization
and embolization can decrease perioperative blood
loss and allow for uterine preservation, although some
investigators similarly report no evidence that these
techniques reduce the need for cesarean hysterectomy
or the amount of operative blood loss.127,131 Catheter
placement can result in insertion site hematoma, ab-
scess, tissue infarction, and necrosis.132 Bishop et al133

reported multiple complications after using prophy-
lactic internal iliac artery balloon catheterization in
a patient with placenta percreta including bilateral
pseudoaneurysms, unilateral arterial rupture, and vas-
cular compromise secondary to thrombus formation.
Further research is required to determine the optimal
intraoperative approach, and in the absence of data
from large randomized controlled trials, controversy
still exists about the safety and efficacy of endovas-
cular interventions.134 Although O’Rourke et al135

describe cesarean delivery in an interventional radiol-
ogy suite, the IR suites at most institutions may not
be suitable for dealing with major obstetric hemor-
rhage and Kodali136 proposed criteria for the optimal
IR suite for complicated cesarean deliveries.

Anesthesia Management

Although regional anesthesia for cesarean deliv-
ery is associated with significantly fewer complica-
tions, general anesthesia is preferred in most accreta
cases137Y139 owing to the significant risk of massive
hemorrhage with profound hypotension and coagu-
lopathy and the need for hysterectomy after cesarean
delivery.124 Recently, some authors have advocated a
combination of regional and general anesthesia with
cesarean delivery performed under regional anesthe-
sia allowing the mother to be awake during delivery of
the baby followed by conversion to general anesthesia
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for performance of the hysterectomy.140,141 Parva
et al138 reported a multidisciplinary approach to pla-
centa percreta that incorporated regional anesthesia for
preoperative placement of bilateral iliac artery balloons
and delivery of the infant followed by general anes-
thesia for the subsequent supracervical hysterectomy.

Operative Considerations

Dorsal lithotomy positioning allows direct evalua-
tion of vaginal bleeding and placement of ureteral
stents as well as allowing space for an additional
assistant. Pfannenstiel incision is reasonable, al-
though an infraumbilical median or paramedian ver-
tical skin incision may offer improved visualization
and access for fundal or posterior hysterotomy and for
hysterectomy.107,142 Intraoperative ultrasound with
the ultrasound probe covered by a sterile sleeve can
guide the location of the uterine incision to avoid
placental disruption. A posterior uterine wall incision
after exteriorization of the uterus may also be helpful.

Hysterectomy should follow delivery of the infant
without any attempt to remove the placenta before the
hysterectomy is undertaken. In rare cases in which
removal of the uterus is not possible or too dangerous
because of extensive invasion into surrounding pelvic
tissues, conservative therapy with the uterus and pla-
centa left in situ has been reported.107,143 Postoperative
methotrexate or selective arterial embolization has also
been reported although serious complications including
severe hemorrhage with the need for delayed hyster-
ectomy and septic shock have been reported with con-
servative management.144 Delayed hysterectomy may
be a valid consideration because decreased vascularity
may make surgery technically easier, although the op-
timal timing for delayed hysterectomy is unknown be-
cause of the sometimes abrupt onset of hemorrhage.145

After delivery of the infant, the placenta should be
left in situ after the umbilical cord is ligated and cut
and the uterus should be closed rapidly to limit inci-
sional edge bleeding. In unanticipated cases with a
focal area of partial accreta identified on removal of
the placenta, placement of deep myometrial sutures in
multiple 3-cm squares in the area of placental inva-
sion may achieve hemostasis.146 The use of an in-
trauterine tamponade balloon like the Bakri balloon
has also been reported for persistent bleeding from a
localized accreta.147

Careful dissection of the retroperitoneal space and
judicious devascularization away from the uterine
wall is very important when performing a cesarean
hysterectomy for placenta accreta. Special attention
should be paid to reduce tearing through friable,

vascular tissue near the uterine corpus and invading
placenta and avoid puncturing the serosa overlying
the placenta as heavy bleeding is possible. Cesarean
hysterectomy with placenta in situ compared with
other cesarean hysterectomies involves a greater need
to protect the ureters while keeping a margin from the
cervical placental mass and is akin to a modified
radical hysterectomy requiring an experienced pelvic
surgeon.119,148 Plauché et al149 reported a technique
for rapid control of the uterine blood supply to stop
vaginal bleeding at the time of cesarean hysterectomy
where the uterine vascular pedicles are clamped but
not ligated until after the entire uterine blood supply
has been interrupted. Although this technique may be
useful in certain circumstances, it has not been proven
superior to the traditional technique of sequential
clamping, cutting, and ligation of vascular pedicles in
reducing blood loss or improving postoperative out-
comes. Hoffman et al119 describe their surgical ap-
proach to cesarean hysterectomy with ureteral stents
and the use of an ENDO-GIA automatic stapling/
cutting device for transection of vascular pedicles,
vaginal fornix, and uterosacral ligaments with out-
comes similar to more traditional techniques.

Preoperative cystoscopy may be useful, but intra-
operative cystotomy may be needed to clarify the
extent of placental invasion into the bladder after de-
vascularization of uterus.150,151 The invaded portion
of the bladder can be excised or left attached to the
uterus if the bladder trigone is not involved. Attempts
to dissect the adherent bladder wall from the uterus
should be avoided because of the risk of significant
bleeding because much of the placental blood supply
in cases of percreta is derived from collateral bladder
vessels, and despite ligation of the uterine arteries, mas-
sive hemorrhage can occur from placenta/bladder in-
terface.119 Matsubara152 reported a ‘‘bladder-opening’’
technique for cesarean hysterectomy in cases of pla-
centa percreta with bladder invasion where the lateral
wall of the bladder is cut with an ENDO-GIA auto-
matic stapling/cutting device to allow resection of the
cranial, invaded portion of the posterior bladder wall
with the uterus and thus reduce hemorrhage and acci-
dental bladder injury. The Pelosi technique for cesarean
hysterectomy via ‘‘retrovesical LUS bypass’’ in cases of
placenta percreta with bladder invasion may also re-
duce hemorrhage and bladder injury but is technically
more difficult.148

Hematological Considerations

Blood product replacement strategies have seen
remarkable refinement and improvement with recent
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insights into early coagulopathy and from military
experience in Afghanistan and Iraq with the admin-
istration of fresh-frozen plasma (FFP) and platelets in
1:1:1 ratio with PRBCs and limited early aggressive
use of crystalloids and colloids resulting in a more
rapid correction of coagulopathy, decreased need for
PRBC transfusion postoperatively, and reduced mor-
tality.153Y157 Although this new strategy from the
US Army’s Institute of Surgical Research known as
Damage Control Resuscitation has shown promising
results in civilian trauma patients, there are no com-
parable data on its risks and benefits in pregnancy,
and extrapolation of data from nonpregnant patients
in military and civilian trauma centers to massively
bleeding parturients should be done with caution.124,158

Real-time noninvasive monitoring of hemoglobin for
pregnant patients during cesarean hysterectomy via
multiwavelength pulse co-oximetry may play a role
in guiding transfusion therapy and reducing inappro-
priate transfusions and complications after massive
transfusions.159 Preoperative autologous blood dona-
tion is not cost-effective and is recommended only
for patients with rare blood types or alloimmunization
to rare antibodies for whom immediate availability of
blood products may be difficult.160

Investigators also recommend early administration
of cryoprecipitate to parturients because higher-than-
previously recommended levels of fibrinogen are nec-
essary for adequate hemostasis.161 Factor VIIa may
be beneficial in treatment of uncontrollable obstetric
hemorrhage, although it is more effective in the pres-
ence of fibrinogen levels greater than 100 mg/dL.162

Caution is advised because of the potential for vascu-
lar thrombosis and thromboembolic events after its
use, although a dose of 81.5 to 92 Kg/kg significantly
reduced hemorrhage in 76% to 85% of women without
an increased incidence of thromboembolic events.163Y165

Intraoperative cell saver technology may be appro-
priate for emergent obstetric use, but prospective studies
are needed.166 Current filtering technology eliminates
the theoretical concern for amniotic fluid embolism
from fetal cellular debris and amniotic fluid, although
the risk of alloimmunization from fetal red blood cells
remains.160,167 However, investigators have reported
episodes of severe hypotension related to use of cell
saver during cesarean delivery.168

Options for persistent hemorrhage with placenta
accreta include internal iliac artery ligation, pelvic ar-
tery embolization, placement of pelvic pressure pack-
ing, and infrarenal aortic compression or clamping.107

Once major bleeding has been controlled, topical agents
such as Gelfoam, Surgicel, Avitene, FloSeal, or fibrin
glue may be used to help manage oozing. However,

when all else fails, compressing the bleeding site with
a pelvic pressure pack whose tail exits the vagina or
the anterior abdominal wall may be a useful technique
for posthysterectomy bleeding, leaving the pack in situ
for 24 to 48 hours and initiating broad-spectrum anti-
biotics.107,169 Dildy et al169 reported that the pelvic
pressure pack successfully controlled bleeding in 82%
of cases. Such a technique has been reported as treat-
ment for ruptured abdominal aortic aneurysm repair.170

Conservative Management

Conservative management of placenta accreta has
been proposed to reduce morbidity and mortality as
well as preserve the uterus for future reproduction
and may be appropriate in women who desire more
children or in cases of placenta percreta invading
adjacent organs.107,171 Conservative management in-
volves a fundal or posterior uterine incision that avoids
the placenta to facilitate delivery of the infant fol-
lowed by closure of the uterine incision with the pla-
centa left in situ.172 Twenty percent of conservatively
managed cases may undergo unplanned hysterectomy
and 14% to 36% are associated with postoperative
infections.107,173 In a recent series of 167 patients with
placenta accreta, conservative management was suc-
cessful in 78.4% of cases with severe maternal mor-
bidity in 6% of cases and spontaneous placental
resorption in 75% of cases, with a median time from
delivery of 13.5 weeks.171

There are significant risks of late hemorrhage, infec-
tion, coagulopathy, and recurrence of placenta accreta
among those patients who have had conservative
management that should be discussed at the time of
informed consent.173,174 There is currently insufficient
evidence to support the use of uterine artery emboli-
zation, adjuvant methotrexate, or prophylactic anti-
biotics with conservative management.107,117 Although
useful in the treatment of gestational trophoblastic
disease, use of methotrexate may be potentially dan-
gerous in a mature placenta with very few rapidly di-
viding cells and methotrexate’s association with bone
marrow suppression is undesirable in patients with a
significant risk of infection.107 Bretelle et al175 reported
puerperal fever occurring in approximately 14% and
endometritis in 10% of conservatively managed pa-
tients with placenta accreta. Chiang et al176 reported
a case of septic shock as a complication of conservative
management of placenta accreta despite prophylactic
antibiotics. Morgan and Atalla177 recently reported 2
cases in which mifepristone and misoprostol were suc-
cessfully used in the management of placenta accreta
after vaginal delivery with retained placenta.
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Lee et al178 reported 2 cases of conservative man-
agement of placenta percreta with no significant hem-
orrhagic or infectious complications or the need for
extensive bladder reconstruction by using internal iliac
balloon occlusion, leaving the placenta in situ, intra-
operative and postoperative methotrexate administra-
tion, and delayed hysterectomy performed when the
quantitative A-hCG approached zero. Dueñas-Garcia
et al179 reported use of the uterine artery pulsatility
index (PI) in a series of cases of conservative manage-
ment of placenta accreta demonstrating better correla-
tion of the uterine artery PI with persistence of the
uteroplacental circulation than the quantitative serum
A-hCG levels. These investigators also noted that pla-
cental degeneration with conservative management is
not accelerated by the use of methotrexate. There are
no guidelines regarding optimal postdelivery follow-
up of conservatively managed patients with placenta
accreta, although postpartum hemorrhage may occur
up to 105 days after delivery.171 Pacheco and Gei117

recommend serial ultrasounds to assess placental in-
volution and frequent visits to detect early signs of
sepsis and delayed hemorrhage. Conservative man-
agement of placenta accreta has also been reported in
a Jehovah’s Witness.180 Approximately 32% of phy-
sicians in a recent cross-sectional survey of maternal-
fetal medicine providers in the United States registered
with the Society for Maternal-Fetal Medicine had
attempted conservative management, although most
believes that hysterectomy is the only management
option for placenta accreta.181

VASA PREVIA

Vasa previa is a rare but potentially catastrophic
complication of pregnancy in which fetal vessels run
through the fetal membranes and are at risk for rupture
with subsequent fetal exsanguination. Vasa previa is
rare and estimated to affect between 1 in 2500 and 1 in
5000 deliveries.182,183 It is associated with 60% fetal
mortality rate if unrecognized.2 When diagnosed pre-
natally by ultrasound, the infant survival rate is 97%,
whereas a 44% survival rate is found in cases not
diagnosed prenatally.182 Risk factors for vasa previa
include low-lying placenta in the second trimester,
multiple gestations, succenturiate or bilobed placenta,
and IVF.184Y186 The first report of ultrasonographic
diagnosis of vasa previa in the literature appeared in
1987.187 Ultrasonographic findings of velamentous
cord insertion and the suspicion of abnormal vessels
in the region of the cervix are considered warning signs
of vasa previa.186

Vasa previa may occur as a result of velamentous
umbilical cord insertion into the placenta (type I)
where the umbilical vessels course through the fetal
membranes before inserting into the placental disk
with the unsupported vessels overlying the cervix or
it may also result from a bilobed or succenturiate pla-
centa (type II) where the vessels connecting the pla-
cental lobes are overlying the cervix.183

Prenatal Diagnosis

The only significant predictors of neonatal survival
are prenatal diagnosis and gestational age at delivery,
and prenatal diagnosis is the most important factor in
reducing fetal loss due to vasa previa.2,8 Vasa previa
may be diagnosed prenatally using ultrasound. Rou-
tine obstetric ultrasound should include assessment
of placental site, number of placental lobes, and eval-
uation of placental cord insertion site. When multi-
lobed or succenturiate placental lobes, low-lying
placenta, or velamentous cord insertion are identified
on transabdominal ultrasound, a detailed examination
of LUS and cervix should be performed via TVUS.
Grayscale ultrasound can identify the placental cord
insertion in most cases, but power or color Doppler
should be used to facilitate diagnosis.188 There is a
high specificity and sensitivity for vasa previa with
Doppler ultrasound. Hasegawa et al30 demonstrated
that the most significant ultrasound findings associated
with vasa previa may be an umbilical cord inser-
tion site located on the LUS and a velamentous cord
insertion. Vasa previa has been diagnosed prenatal-
ly using 3D ultrasonography.186,189 Transvaginal
3D power Doppler provides an excellent means of vi-
sualizing the entire LUS but similar information can be
obtained via 2D TVUS probe. Patients with risk factors
for vasa previa including those with bilobed, succen-
turiate and low-lying placentas and those pregnancies
with multiple gestations or resulting from IVF should
have routine color Doppler sonography of the LUS
near the cervical os to identify the placental cord in-
sertion and to assess for the presence of vasa previa.

Maternal positional changes, Trendelenburg posi-
tion, and gentle manual elevation of fetal presenting
part aid in visualizing the fetal vessels when com-
pressed by the fetal presenting part. Kuwata et al190

reported that fetal head engagement can prevent
correct diagnosis in a case where vasa previa mim-
icked an echolucent forebag-like structure on ultra-
sound without color Doppler flow. Hasegawa et al191

reported evaluation of the umbilical cord insertion
site in the late first or early second trimester with
follow-up in cases of low cord insertion during the
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late second or early third trimester as a useful means
of detecting vasa previa. Kikuchi et al192 reported that
MRI may aid in the assessment of number and loca-
tion of placental lobes when ultrasound diagnosis of
vasa previa is difficult.

Unfortunately, many cases of vasa previa have been
identified only at the time of vessel rupture in labor.
Vaginal bleeding is followed by fetal distress and
death if emergent delivery is not expedited because
total fetal exsanguination can occur in 10 minutes.
Theoretically, the Apt and Kleihauer-Betke tests can
confirm fetal origin of blood in the vagina. However,
in actual practice, both tests cannot be done quickly
enough to be of any value. Electronic fetal monitoring
may show an initial tachycardia rapidly followed by
variable decelerations, bradycardia, and a preterminal
sinusoidal pattern.193 If cesarean delivery can be ac-
complished immediately, a good newborn outcome
can be obtained with aggressive postnatal transfusion
therapy.194

Antepartum Management and Delivery

There is no consensus on the optimal management
strategy for vasa previa particularly about timing of
elective delivery. On the basis of the 10% risk for
rupture of membrane before labor and high associated
fetal mortality rate with vasa previa, some authors
suggest hospitalization at 30 to 32 weeks of gestation,
administration of corticosteroids for acceleration of
FLM, and delivery at 35 to 36 weeks without confir-
mation of FLM by amniocentesis.8 Another approach
that has been recommended includes weekly cervical
length assessment after 30 weeks’ gestation by TVUS,
inpatient management if the cervix measures less than
2.5 cm, administration of betamethasone at 34 weeks’
gestation for all patients, and delivery at 35 weeks
without FLM testing.25 A recent decision tree anal-
ysis also suggests that the optimal timing for delivery
with vasa previa is 34-35 weeks after steroid admin-
istration without confirmation of FLM as amniocen-
tesis for verification of FLM did not improve outcomes
at any gestational age.195

Although there are limited data and experience,
type II vasa previa is amenable to experimental in
utero therapy. Chmait et al196 successfully demon-
strated third-trimester fetoscopic laser ablation of
type II vasa previa as a prophylactic or therapeutic
measure to delay delivery if symptomatic preterm labor
and/or cervical shortening developed. Theoretically, as
the size of the placental lobe to be lost increases after
laser ablation, the risk of placental insufficiency may
have short-term or long-term consequences for fetal

well-being. Quintero et al197 previously demonstrated
the first successful in utero laser ablation of type II
vasa previa at 22 weeks’ gestation and subsequent
spontaneous rupture of membranes at 27 weeks’ ges-
tation without fetal exsanguination.

A high index of suspicion and a meticulous ap-
proach to diagnosis provide the best opportunity for
a favorable outcome. As with placenta accreta, intra-
operative ultrasonography is useful to map the fetal
vessels and make the optimal uterine incision.198 Al-
though difficult, it may be desirable to deliver the fetus
en caul, with intact membranes, by avoiding incising
the amniotic membranes.

CONCLUSIONS

This review was intended to provide an evidence-
based approach to the diagnosis and management of
3 major causes of second- and third-trimester bleed-
ing: placenta previa, placenta accreta, and vasa previa.
It should aid obstetricians in the assessment of risk
factors associated with abnormal placentation and in
the sonographic evaluation of placenta previa, pla-
centa accreta, and vasa previa. It should also facilitate
the formulation of antepartum management and de-
livery plans for these patients and familiarize obste-
tricians with the surgical and medical options available
in the management of abnormal placentation. Optimal
maternal and fetal outcomes for these high-risk preg-
nancies result from accurate prenatal diagnosis and
comprehensive multidisciplinary preparation.
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13. Hemminki E, Meriläinen J. Long-term effects of cesarean
sections: ectopic pregnancies and placental problems. Am
J Obstet Gynecol. 1996;174:1569Y1574.

14. Getahun D, Oyelese Y, Salihu HM, et al. Previous cesarean
delivery and risks of placenta previa and placenta abruption.
Obstet Gynecol. 2006;107:771Y778.

15. Hershkowitz R, Fraser D, Mazor M, et al. One or multiple
previous cesarean sections are associated with similar
increased frequency of placenta previa. Eur J Obstet
Gynecol Reprod Biol. 1995;62:185Y188.

16. Monica G, Lilja C. Placenta previa, maternal smoking and
recurrence risk. Acta Obstet Gynecol Scand. 1995;74:
341Y345.

17. Ananth CV, Savitz DA, Luther ER. Maternal cigarette smoking
as a risk factor for placental abruption, placenta previa, and
uterine bleeding in pregnancy. Am J Epidemiol. 1996;144:
881Y889.

18. Williams MA, Mittendorf R. Increasing maternal age as a
determinant of placenta previa. More important than
increasing parity? J Reprod Med. 1993;38:425Y428.

19. Handler AS, Mason ED, Rosenberg DL, et al. The relationship
between exposure during pregnancy to cigarette smoking
and cocaine use and placenta previa. Am J Obstet
Gynecol. 1994;170:884Y889.

20. Chelmow D, Andrew DE, Baker ER. Maternal cigarette smok-
ing and placenta previa. Obstet Gynecol. 1996;87:703Y706.

21. Taylor VM, Kramer MD, Vaughan TL, et al. Placenta previa
and prior cesarean delivery: how strong is the association?
Obstet Gynecol. 1994;84:55Y57.

22. Obed JY, Adewole IF. Antepartum hemorrhage: the influence
of first trimester uterine bleeding. West Afr J Med. 1997;16:
24Y26.

23. Spinillo A, Fazzi E, Stronati M, et al. Early morbidity and neuro-
developmental outcome in low-birthweight infants born after
third trimester bleeding. Am J Perinatol. 1994;11:85-90.

24. Li DK, Wi S. Maternal placental abnormality and the risk of
sudden infant death syndrome. Am J Epidemiol. 1999;149:
608Y611.

25. Hull AD, Resnik R. Placenta previa, placenta accreta, abruptio
placentae, and vasa previa. In: Creasy RK, Resnik R, Iams JD,
et al, eds. Creasy and Resnik’s Maternal-Fetal Medicine:
Principles and Practice. 6th ed. Philadelphia, PA: Saunders;
2008:725Y737.

26. Ghi T, Contro E, Martina T, et al. Cervical length and risk
of antepartum bleeding in women with complete placenta
previa. Ultrasound Obstet Gynecol. 2009;33:209Y212.

27. Stafford IA, Dashe JS, Shivvers SA, et al. Ultrasonographic
cervical length and risk of hemorrhage in pregnancies with
placenta previa. Obstet Gynecol. 2010;116:595Y600.

28. Zaitoun MM, El Behery MM, Abd El Hameed AA, et al.
Does cervical length and the lower placental edge thickness
measurement correlates with clinical outcome in cases of
complete placenta previa? Arch Gynecol Obstet. 2010.

29. Saitoh M, Ishihara K, Sekiya T, et al. Anticipation of uterine
bleeding in placenta previa based on vaginal sonographic
evaluation. Gynecol Obstet Invest. 2002;54:37Y42.

30. Hasegawa J, Higashi M, Takahashi S, et al. Can ultraso-
nography of the placenta previa predict antenatal bleeding?
J Clin Ultrasound. 2011.

31. Timor-Tritsch IE, Yunis RA. Confirming the safety of
transvaginal sonography in patients suspected of placenta
previa. Obstet Gynecol. 1993;81:742Y744.

32. Hertzberg BS, Bowie JD, Carroll BA, et al. Diagnosis of pla-
centa previa during the third trimester: role of transperineal
sonography. AJR Am J Roentgenol. 1992;159:83Y87.

33. Smith RS, Lauria MR, Comstock CH, et al. Transvaginal
sonography for all placentas that appear to be low-lying or
over the internal cervical os. Ultrasound Obstet Gynecol.
1997;9:22Y24.

34. Becker RH, Vonk R, Mende BC, et al. The relevance of
placental location at 20Y23 gestational weeks for prediction
of placenta previa at delivery: evaluation of 8650 cases.
Ultrasound Obstet Gynecol. 2001;17:496Y501.

35. Dashe JS, McIntire DD, Ramus RM, et al. Persistence of
placenta previa according to gestational age at ultrasound
detection. Obstet Gynecol. 2002;99:692Y697.

36. Taipale P, Hiilesmaa V, Ylotstalo P. Transvaginal ultrasonog-
raphy at 18-23 weeks in predicting placenta previa at deliv-
ery. Ultrasound Obstet Gynecol. 1998;12:422Y425.

37. Lauria MR, Smith RS, Treadwell MC, et al. The use of second-
trimester transvaginal sonography to predict placenta previa.
Ultrasound Obstet Gynecol. 1996;8:337Y340.

38. Ghourab S. Third-trimester transvaginal ultrasonography in
placenta previa: does the shape of the lower placental
edge predict clinical outcome? Ultrasound Obstet Gynecol.
2001;18:103Y108.

39. Oyelese Y. Placenta previa: the evolving role of ultrasound.
Ultrasound Obstet Gynecol. 2009;34:123Y126.

40. Brenner WE, Edelman DA, Hendricks CH. Characteristics
of patients with placenta previa and results of ‘‘expectant
management.’’ Am J Obstet Gynecol. 1978;132:180Y191.

41. Cotton DB, Read JA, Paul RH, et al. The conservative
aggressive management of placenta previa. Am J Obstet
Gynecol. 1980;137:687Y695.

42. Silver R, Depp R, Sabbagha RE, et al. Placenta previa:
aggressive expectant management. Am J Obstet Gynecol.
1984;150:15Y22.

43. Sharma A, Suri V, Gupta I. Tocolytic therapy in conser-
vative management of symptomatic placenta previa. Int J
Gynaecol Obstet. 2004;84:109Y113.

44. Besinger RE, Moniak CW, Paskiewicz LS, et al. The effect of
tocolytics use in the management of symptomatic placenta
previa. Am J Obstet Gynecol. 1995;172:1770Y1778.

45. Towers CV, Pircon RA, Heppard M. Is tocolysis safe in
the management of third trimester bleeding? Am J Obstet
Gynecol. 1999;180:1572Y1578.

46. Wing DA, Paul RH, Millar LK. Management of the symptom-
atic placenta previa: a randomized, controlled trial of in-
patient versus outpatient expectant management. Am J
Obstet Gynecol. 1996;175:806Y811.

47. Love CDB, Fernando KJ, Sargent L, et al. Major placenta
previa should not preclude out-patient management. Eur J
Obstet Gynecol Reprod Biol. 2004;117:24Y29.

48. Arias F. Cervical cerclage for the temporary treatment of patients
with placenta previa. Obstet Gynecol. 1988;71:545Y548.

49. Cobo E, Conde-Agudelo A, Delgado J, et al. Cervical cer-
clage: an alternative for the management of placenta previa?
Am J Obstet Gynecol. 1998;179:122Y125.

50. Bhide A, Prefumo F, Moore J, et al. Placental edge to internal
os distance in the late third trimester and mode of delivery
in placenta praevia. BJOG. 2003;110:860Y864.

51. Dawson WB, Dumas MD, Romano WM, et al. Translabial
ultrasonography and placenta previa: does measurement of
the os-placenta distance predict outcome? J Ultrasound
Med. 1996;15:441Y446.

52. Vergani P, Ornaghi S, Pozzi I, et al. Placenta previa: distance
to internal os and mode of delivery. Am J Obstet Gynecol.
2009;201:266.e1Y266.e5.

53. Bronsteen R, Valice R, Lee W, et al. Effect of a low-lying
placenta on delivery outcome. Ultrasound Obstet Gynecol.
2009;33:204Y208.

54. Royal College of Obstetricians and Gynaecologists (RCOG).
Placenta Praevia and Placenta Praevia Accreta: Diagnosis and
Management. London, UK: Royal College of Obstetricians
and Gynaecologists; 2005:12. Green-top Guideline No. 27.

515Abnormal Placentation & CME Review Article

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



55. Boehm FH, Fleischer AC, Barrett JM. Sonographic placental
localization in the determination of the site of uterine incision
for placenta previa. J Ultrasound Med. 1982;1:311Y314.

56. Hong JY, Jee YS, Yoon HJ, et al. Comparison of general and
epidural anesthesia in elective cesarean section for placenta
previa totalis: maternal hemodynamics, blood loss and
neonatal outcome. Int J Obstet Anesth. 2003;12:12Y16.

57. Nelson WL, O’Brien JM. The uterine sandwich for persistent
uterine atony: combining the B-Lynch compression suture
and an intrauterine Bakri balloon. Am J Obstet Gynecol.
2007;196:e9Y10.

58. Cho JH, Jun HS, Lee CN. Hemostatic suturing technique for
uterine bleeding during cesarean delivery. Obstet Gynecol.
2000;96:129Y131.

59. Arduini M, Epicoco G, Clerici G, et al. B-Lynch suture, intra-
uterine balloon, and endouterine hemostatic suture for the
management of postpartum hemorrhage due to placenta
previa accreta. Int J Gynaecol Obstet. 2010;108:191Y193.

60. Al-Harbi NA, Al-Abra ES, Alabbad NS. Utero-vaginal packing.
Seven years review in the management of postpartum hemor-
rhage due to placenta previa/accreta at a maternity hospital in
Central Saudi Arabia. Saudi Med J. 2009;30:243Y246.

61. Ge J, Liao H, Duan L, et al. Uterine packing during cesarean
section in the management of intractable hemorrhage in central
placenta previa. Arch Gynecol Obstet. 2012;285:285Y289.

62. Law LW, Chor CM, Leung TY. Use of hemostatic gel in
postpartum hemorrhage due to placenta previa. Obstet
Gynecol. 2010;116:528Y530.

63. Zlatnik MG, Little SE, Kohli P, et al. When should women
with placenta previa be delivered? A decision analysis.
J Reprod Med. 2010;55:373Y381.

64. Miller DA, Chollet JA, Goodwin TM. Clinical risk factors for
placenta previa-placenta accreta. Am J Obstet Gynecol.
1997;177:210Y214.
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