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BACKGROUND: Placenta accreta spectrum affects approximately 3 in anterior and anterior/posterior groups respectively; (P ¼ .007); how-
1000 pregnancies. There is a paucity of data evaluating the effect of

placental location on diagnosis, risk factors, and resultant outcomes in

cases of placenta accreta spectrum.

OBJECTIVE: We analyzed placenta accreta spectrum cases to assess

whether risk factors or maternal outcomes varied based on placental

location.

MATERIALS AND METHODS: We performed a retrospective chart
review of pathology-confirmed cases of placenta accreta spectrum from

patients delivering at 2 large urban hospitals in the same healthcare

system from 2007 to 2017. Placental location was defined by ultrasound

images and confirmed by pathology reports. Location was categorized as

anterior, posterior, or anterior/posterior for those with placental location at

both sites. Fisher exact tests and analysis of variance were used to

examine associations with measures of diagnosis, risk factors, and

maternal outcomes.

RESULTS: A total of 86 pathology-confirmed placenta accreta

spectrum cases were reviewed. The distribution of placental location

on ultrasound was as follows: 19% posterior, 59% anterior, and 22%

anterior/posterior. We found that prior cesarean delivery was lower

with posterior placenta accreta spectrum (63% vs 94% vs 84% in the
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ever, in vitro fertilization rates were significantly higher (38% vs 2% vs

5% in the anterior and anterior/posterior groups respectively; P ¼
.001). There was also lower incidence of percreta with posterior

placenta accreta spectrum compared to the anterior and anterior/

posterior groups (19% vs 47% vs 58% respectively; P ¼ .055).

Posterior cases were less likely to have placenta accreta spectrum

suspected prenatally (50%) compared to anterior (80%) and anterior/

posterior (89%) cases (P ¼ .019). Despite late diagnosis, ureteral

injury was the only surgical complication that was more common in

patients with posterior placenta accreta spectrum (13% vs 0% vs 5%

for anterior and anterior/posterior groups respectively; P ¼ .037).

CONCLUSION: Placenta accreta spectrum with posterior placental

location is associated with delayed diagnosis, surgical complications,

assisted reproductive technology, and lower numbers of prior cesarean

deliveries relative to anterior location. These differences in outcomes and

risk factors based on placental location may allow for heightened clinical

awareness, and improved diagnosis and management.
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lacenta accreta spectrum (PAS) af-
P fects approximately 3 in 1000
pregnancies, with even conservative es-
timates demonstrating a 5-fold increase
in incidence over the past 3 decades.1

PAS occurs when there is damage to
the boundary between the endometrium
and myometrium allowing placental
trophoblast to grow into, or in some
cases through, the uterine wall.2 It has
been implicated in substantial perinatal
maternal morbidity due to an increased
risk of intrapartum and postpartum
hemorrhage, frequently requiring
massive transfusion of blood products.
Hysterectomies are often necessary,
contributing to an increased risk of
surgical complications and lengthier
hospital stays.3 PAS may also cause a
significant emotional toll on women,
particularly those who had plans for
future childbearing.
A finding of placenta previa together

with a history of cesarean delivery has
long been an indication for counseling
patients on their risk of PAS in a current
pregnancy, as the risk for placenta
accreta in the presence of placenta previa
increases with each subsequent cesarean
delivery.4 Aside from cesarean deliveries
and placenta previa, other risk factors
have been identified for PAS, including
past uterine surgeries, in vitro fertiliza-
tion (IVF), multiparity, maternal age,
and even female sex of the infant.5,6

Although placental location has been
explored in the context of placenta pre-
via, with anterior placenta previa being
more often associated with greater blood
loss and increased risk of placental in-
vasion and hysterectomy, there are scant
clinical data on posterior placental
location and PAS.7e11 To date, no studies
OCTOBER 2019 Ameri
have examined whether the distribution
of risk factors and outcomes for PAS vary
based on placental location. As such, PAS
cases with posterior location remain
diagnostic and therapeutic challenges,
with a paucity of data regarding risk
factors and relation to anterior PAS.

Given the lack of examination of the
role of placental location in cases of PAS,
the purpose of this study was to assess
how risk factors, diagnosis, and out-
comes might vary for PAS cases with
posterior location compared to those
with anterior or anterior/posterior
location.

Materials and Methods
Study context
Cases were identified from Abbott
Northwestern and United Hospitals in
the Twin Cities, part of the Allina Health
system. Minnesota Perinatal Physicians
(MPP) provides care for high-risk preg-
nancies at both hospital campuses that
serve as regional perinatal health care
centers, pulling in patient referrals from
can Journal of Obstetrics & Gynecology 357.e1
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Why was the study conducted?
This study was conducted to identify risk factors and diagnostic dilemmas and
outcomes in women with histologically proven placenta accreta with posterior
placenta location.

Key findings
PAS with posterior placental location is associated with delayed diagnosis, sur-
gical complications, assisted reproductive technology, and lower prevalence of
prior cesarean deliveries.

What does this add to what is known?
This study contributes a timely review of how placental location affects identi-
fication, management, and outcomes of PAS, and how PAS patients with pos-
terior placentae may differ from the more commonly described patients with
anterior placentae.
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across the state. Prior to referral to MPP,
patients may have received prenatal care
at an Allina Health�owned clinic or may
have been referred from a clinic outside
the Allina Health system.

Selection criteria
To identify all cases of PAS, data were
extracted from the electronic health re-
cord. Case patients were included in the
extract if they had a delivery at 1 of the 2
hospitals from January 1, 2007, to
December 31, 2017; had a hysterectomy
performed at the delivery; had a
pathology-confirmed diagnosis of PAS
(gross pathology and histology); and
placental location was clearly defined on
ultrasound report. Twin pregnancies
were included in this study.

Data collection and measures
Data for this study come from Allina
Health’s electronic health records, with
some data collected via data extraction
and other data collected via chart re-
views. Chart reviews were conducted
by perinatologists and the MPP clinic
manager (RN). The use of these data
was approved by the Allina Institu-
tional Review Board. Placental location
was defined by ultrasound images.
Location was categorized as anterior,
posterior, or anterior/posterior for
those that involved both sites on im-
aging. Diagnosis-related measures
included whether PAS was suspected
357.e2 American Journal of Obstetrics & Gynecol
prenatally from ultrasound (yes/no),
delivery type (scheduled vs sponta-
neous/emergent), gestational age at
delivery, and severity of invasion
(defined from the pathology report
based on the highest level of invasion
noted). Risk factors included number
of prior cesarean deliveries, number of
prior uterine surgeries, placenta previa
during the study pregnancy (defined as
complete or marginal <2 cm from
cervical os), and IVF. Maternal out-
comes collected included operating
room time, estimated blood loss,
intraoperative transfusion of blood
products, and intensive care unit
admission. Surgical complications
included organ injury and complica-
tions related to interventional radio-
logic procedures, and transfusion
complications. Postoperative complica-
tions included hemorrhage, fever,
infection, inability to extubate post-
operatively, acute kidney injury need
for re-exploration, multiorgan failure,
and mortality.

Statistical analysis
Fisher exact tests were used for categor-
ical measures and analysis of variance
was used for continuous variables to
examine associations of placental loca-
tion with measures of diagnosis, risk
factors, and maternal outcomes. Odds
ratios (ORs) were calculated for selected
measures showing association in the
ogy OCTOBER 2019
cross-tabulations. All ORs were calcu-
lated out of the subset of 67 PAS cases
with either an anterior or posterior
location, using anterior as the reference
category. All analyses were conducted
using Stata 15.1 (StataCorp, College
Station, TX).

Results
There were 76,048 deliveries with con-
sent to use medical records for research
from 2007 to 2017 at the 2 hospitals. Of
those women, 137 had a hysterectomy
performed at the time of delivery. After
reviewing pathology reports, 95 case
patients were confirmed to have a diag-
nosis of PAS. Nine patients were
excluded from the current analysis
because they were missing documenta-
tion of placenta location on the ultra-
sound. This resulted in a final sample of
86 histology-confirmed PAS cases, which
were reviewed. The distribution of
placental location on ultrasound was as
follows: 19% posterior, 59% anterior,
and 22% anterior/posterior.

We found that prior cesarean delivery
was lower with posterior location (63%
vs 94% in the anterior group; P ¼ .007),
with an OR of 0.10 for prior cesarean
delivery for the posterior group relative
to the anterior group (confidence inter-
val [CI], 0.02, 0.57; P ¼ .001). However,
when history of any prior cesarean de-
livery or uterine surgery was combined,
there was no difference between the
groups. There was also a trend toward a
decreased incidence of percreta with
posterior location than within the ante-
rior and anterior/posterior groups (19%
vs 47% vs 58% respectively; P ¼ .055);
the OR was 0.26 for percreta among
posterior versus anterior location (CI,
0.06, 1.08; P¼.045), for the 67 cases with
either anterior or posterior location. The
IVF rates were significantly higher (38%
vs 2% vs 5% in the posterior group
relative to the anterior and anterior/
posterior group; P¼.001), with anORof
IVF history of 30.0 for posterior location
relative to anterior (CI, 2.28, 395.36; P<
.0001). However, the limited number of
cases in each category make the estima-
tions imprecise (Table 1). Posterior cases
were more likely to have PAS identified
at the time of delivery (ie, no PAS
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TABLE 1
Examination of diagnosis and risk factors by ultrasound placental location in placenta accreta spectrum cases

Diagnosis related measures
Posterior
(n ¼ 16)

Anterior
(n ¼ 51)

Posterior & Anterior
(n ¼ 19) P value

PAS suspected prenatally, n (%)

Yes 8 (50) 41 (80) 17 (89) .019

No 8 (50) 10 (20) 2 (11)

Delivery type, n (%)

Scheduled 10 (63) 33 (65) 12 (63) 1.000

Spontaneous/Emergent 6 (38) 18 (35) 7 (37)

Gestational age at delivery (mean � SD) 34.8 (2.18) 33.4 (3.93) 33.6 (2.08) .344

Severity of invasion, n (%)

Accreta/Increta 13 (81) 27 (53) 8 (42) .055

Percreta 3 (19) 24 (47) 11 (58)

Risk factors

Prior cesarean delivery or prior
uterine surgeries, n (%)

14 (88) 49 (96) 18 (95) .365

Prior cesarean delivery, n (%) 10 (63) 48 (94) 16 (84) .007

Number of prior cesarean delivery, median (IQR) 2 (2) 2 (2) 2 (2) .175

Prior uterine surgeries, n (%) 6 (38) 22 (43) 12 (63) .233

Number of prior uterine surgeries, median (IQR) 0 (1) 0 (1) 1 (2) .323

Placenta previa in this pregnancy, n (%) 11 (69) 43 (84) 17 (89) .277

IVF this pregnancy, n (%) 6 (38) 1 (2) 1 (5) .001

IQR, interquartile range; IVF, in vitro fertilization; PAS, placenta accreta spectrum.
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suspected on their prenatal ultrasound)
(50%) compared to anterior (20%) and
anterior/posterior (11%) cases (P ¼
.019); the OR was 4.10 for diagnosis at
time of delivery for posterior vs anterior
(CI, 1.16, 14.51; P ¼ .018). Despite late
identification of possible PAS, ureteral
injury was the only surgical complica-
tion increased in patients with posterior
location (13% vs 0% vs 5% for anterior
and anterior/posterior groups respec-
tively; P ¼ .037 (Table 2).

Comment
Although there has been a proliferation
in the literature devoted to PAS,12,13

these studies remain limited to rela-
tively small case series because of the
rarity of the disease process. In our study,
we aimed to examine a large cohort of
patients to further describe how
contributory risk factors, diagnosis-
related measures, and resultant out-
comes differ based on placenta location.
We found that PAS with posterior

placenta location is associated with
delayed identification of PAS, surgical
complications, assisted reproductive
technology, and lower prevalence of
prior cesarean deliveries. These differ-
ences in outcomes and risk factors based
on placental location may allow for
heightened clinical awareness and
improved management.

Placental location in PAS and
outcomes
Past studies have demonstrated that
anterior location of the placenta in
conjunction with placenta previa in-
creases the risk of postpartum hemor-
rhage, massive transfusions, and
hysterectomy.7e11 Anterior placenta
previa has also been associated with a
OCTOBER 2019 Ameri
lower gestational age of initial onset of
bleeding than posterior placenta previa.
Importantly, the increased hemorrhage
risk is present even when controlling for
the presence of placenta accreta.11,14

Despite often later diagnosis, and
although maternal outcomes are better
with earlier diagnosis, posterior placenta
previa still was associated with better
maternal and surgical outcomes.9 Our
study provided some insight into this
trend, as we found that PAS cases with
posterior placenta location less often
presented as an increta or percreta, both
of which are associated with higher
morbidity.15,16

Posterior placenta accreta
spectrum and assisted
reproductive technology
Our data shows differences in risk factors
between PAS patients with posterior and
can Journal of Obstetrics & Gynecology 357.e3
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TABLE 2
Examination of outcomes by ultrasound placental location in placenta accreta spectrum (PAS) cases

Outcomes
Posterior
(n ¼ 16)

Anterior
(n ¼ 51)

Posterior and anterior
(n ¼ 19) P value

Operating time, min (mean � SD) 218.6 (83.19) 279.3 (126.42) 288.3 (100.05) .155

Operating time (min), median (IQR) 217 (85) 281 (168) 276 (87)

Bleeding (EBL), mL (mean � SD) 3524.2 (2648.5) 4347.0 (3769.7) 2971.1 (1727.9) .262

Bleeding (EBL), mL, median (IQR) 3000 (2800) 3000 (4000) 2800 (2700)

Transfusion of blood products during
delivery, n (%)

10 (63) 42 (82) 14 (74) .223

Cell Saver transfusion during
delivery, n (%)

5 (31) 20 (41) 7 (37) .864

ICU admission, n (%) 8 (50) 25 (49) 9 (47) 1.000

Surgical complications, n (%)

Cystotomy 2 (13) 16 (35) 5 (26) .325

Vascular injury 1 (6) 0 (0) 0 (0) .186

Neurologic injury 0 (0) 0 (0) 1 (5) .407

Bladder injury 0 (0) 10 (20) 4 (21) .126

Ureteral injury 2 (13) 0 (0) 1 (5) .037

Intestinal injury — — — —

Wound complications requiring antibiotics or
opening the wound

0 (0) 6 (12) 2 (11) .506

Postoperative complications, n (%)

Postoperative hemorrhage 0 (0) 4 (8) 0 (0) .474

Ileus/SBO 3 (19) 9 (18) 4 (21) .928

Inability to extubate postoperatively 2 (13) 13 (26) 7 (37) .260

Fever 1 (6) 7 (14) 1 (5) .620

Infection 1 (6) 8 (16) 2 (11) .744

Thromboembolic 1 (6) 2 (4) 2 (11) .465

AKI 0 (0) 2 (4) 0 (0) 1.000

Re-exploration 0 (0) 6 (12) 0 (0) .146

Multiorgan failure 0 (0) 2 (4) 0 (0) 1.000

Mortality - - - -

AKI, acute kidney injury; EBL, estimated blood loss; ICU, intensive care unit; IQR, interquartile range; SBO, small bowel obstruction; SD, standard deviation.

Morgan et al. Placental location in PAS. Am J Obstet Gynecol 2019.
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those with anterior placenta location,
most notably the use of assisted repro-
ductive technology (ART). Our finding
linking IVF with placenta accreta is
not unique. In 2011, Esh-Broder et al
demonstrated a 13-fold increased risk of
placenta accreta spectrum in patients
undergoing IVF vs those with sponta-
neous conception.17 Mechanisms may
include disruption of the endometrium,
357.e4 American Journal of Obstetrics & Gynecol
different patient characteristics such as
age, parity, or other unknown factors, or
some combination thereof. These likely
differ from patients without a history of
ART. A small French cohort illustrated
this when they showed an increased
number of IVF cases in women with
placenta accrete without prior cesarean
delivery.18 Our study, adding to this
prior exploration of ART, adds novel
ogy OCTOBER 2019
information by showing that IVF use
may be associated with posterior loca-
tion in PAS cases and accreta vs increta or
percreta, which may be useful for patient
counseling and prognosis.

Limitations
We were limited by the retrospective
nature of this study. The quality of our
measures may be affected by the quality
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of documentation available over the 10-
year study period, as well as changes in
documentation possible over the tenure
of the project, such as implementation
of an electronic medical record.
Furthermore, because our study focuses
only on cases of histologically confirmed
PAS, our study does not answer ques-
tions about the risk of PAS in the general
obstetric population.

Future directions
In the future, we look forward to data that
prospectively follow a cohort of patients
with placenta previa to help further define
risks for improved patient counseling.
Unfortunately, in our institutions, as in
many other tertiary care facilities, patients
often have ultrasound diagnosis made at a
location different from their delivering
hospital. This loss to follow-up makes
prospective studies difficult in a standard
hospital system, and may be better con-
ducted within a large health maintenance
organization or other similarly structured
organization. However, we do hope to
partner with other accreta “centers of
excellence” to combine numbers for a
larger study cohort. n
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