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Abstract

Purpose The incidence of placenta accreta spectrum (PAS; pathologic diagnosis of placenta accreta, increta or percreta)
continues to rise in the USA. The purpose of this study is to compare the hemorrhagic morbidity associated with PAS with
and without a placenta previa.

Methods This was a retrospective cohort study of 105 deliveries from 1997 to 2017 with histologically confirmed PAS
comparing outcomes in women with and without a coexisting placenta previa. We used the Wilcoxon rank sum test to com-
pare continuous data and Chi-square or Fisher’s exact test for categorical data. We also performed log-binomial regression
to calculate risk ratios adjusted for depth of invasion (aRR) and 95% confidence intervals (CI).

Results We identified 105 pregnancies with PAS. Antenatal diagnosis of PAS was higher in women with coexisting placenta
previa (72.3%) than those without (6.9%, p <0.001). Women with coexisting placenta previa had greater median estimated
blood loss and more units of packed red blood cells transfused (both p <0.03). Women with placenta previa were more likely
to undergo a hysterectomy (RR 2.7; 95% CI 1.8-3.8) and be admitted to the intensive care unit (aRR 3.3; 95% CI 1.1-9.6).
Conclusions Among women with PAS, those with a coexisting placenta previa experienced greater hemorrhagic morbidity
compared to those without. In addition, PAS without placenta previa typically was not diagnosed prior to delivery. This
study further supports the recommendation for multi-disciplinary planning and assurance of resources for pregnancies
complicated by PAS. In addition, our results highlight the need for mobilization of resources for those pregnancies where
PAS is not diagnosed until delivery.
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Introduction

Placenta accreta spectrum (PAS), encompassing the terms
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2011 among women with prior cesarean deliveries [3—6].
While women with PAS are at risk for significant morbid-

ity and mortality, little is known about the role of a coexist-

ing placenta previa in terms of hemorrhagic risk. Given that
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previa is an independent risk factor for hemorrhage, preg-
nancies complicated by PAS and placenta previa may carry
a compounded risk of hemorrhagic complications beyond
that experienced with PAS alone. Therefore, we evaluated
pregnancies with histologically confirmed PAS and com-
pared the perinatal hemorrhagic morbidity among pregnan-
cies complicated by placenta previa to those without. We
hypothesized that PAS with placenta previa is associated
with increased hemorrhagic morbidity compared to PAS
without previa.

Materials and methods

This was a retrospective cohort study of women with histo-
logically confirmed PAS who delivered at a single tertiary
referral medical center from January 1, 1997 to July 18,
2017. We identified cases by querying our Department of
Pathology’s clinical database for the term ‘creta’ and review-
ing pathology reports to confirm the diagnosis of PAS. If
the diagnosis of PAS was unclear based on review of the
pathology report, slides from the case were examined by a
perinatal pathologist (JLH) to determine inclusion. Histo-
logic accreta was defined as the presence of placental villi
adjacent to myometrial muscle without intervening decidua.
Increta was defined as placental villi adjacent to myometrial
muscle without intervening decidua, and irregular thinning
of the underlying myometrium, and degeneration of muscle
with edema and a cellular inflammatory response. Percreta
was defined as increta with infiltration of trophoblast into
adipose tissue beyond the uterine serosa or in the parame-
trium, or histologic features of increta within one millimeter
of a surgical disruption of the uterine wall. Cases of cesarean
scar dehiscence were identified and distinguished from per-
creta. Although such cases have a thin anterior lower uterine
segment with focal areas of surgical disruption, that tissue
is composed entirely of fibrotic tissue rather than smooth
muscle; as such, these were labeled as increta. In cases of
delivered placentas without a hysterectomy specimen, the
histologic diagnosis of PAS was based on the presence of
adherent myometrium adjacent to placental villi without
intervening decidua. Adherent myometrial fibers along the
maternal surface of the placenta within decidua were not
diagnosed as accreta [7].

We confirmed the presence or the absence of placenta
previa by either review of the pathology report of a hyster-
ectomy specimen or review of ultrasound report preceding
delivery. Previa was defined as the placenta overlying or
abutting the internal cervical os. Low-lying placentas were
included in the previa group, defined as placental edge meas-
uring within two centimeters of the internal cervical os.

We abstracted demographic information, medical history,
characteristics, and outcomes of the index pregnancy from
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the medical record. Antenatal suspicion of PAS was based
on prenatal ultrasound records. The prenatal ultrasound
diagnosis of suspected PAS was based on the presence of
the following previously published ultrasound markers: the
absence of hypoechoic retroplacental zone, multiple pla-
cental lacunae (vascular spaces), the presence of bridging
vessels, and retroplacental myometrial thickness less than
one millimeter [8].

Our primary outcome was blood product transfusion,
which was defined as receiving one or more of the following
within 48 h of delivery: packed red blood cells, fresh fro-
zen plasma, platelets, cryoprecipitate, and cell salvage. Our
secondary outcomes included the transfusion of individual
products within 48 h of delivery, number of units transfused,
estimated perinatal blood loss, hysterectomy, and admission
to the intensive care unit. We obtained the type and volume
of blood products from blood bank records and estimated
blood loss from operative reports and delivery notes. Start-
ing in 2015, we implemented a routine protocol of weighing
surgical sponges for cases of PAS to better estimate blood
loss; prior to that, blood loss was estimated by conventional
means.

Data are presented as median (interquartile range) or pro-
portion. We used the Wilcoxon rank sum test to compare
continuous data and the Chi-square or Fisher’s exact test for
categorical data. We also performed log-binomial regression
to calculate risk ratios (RR) and 95% confidence intervals
(CI). We considered depth of invasion and number of prior
cesarean deliveries as potential confounders; however, the
low incidence of some outcomes restricted our ability to
adjust for both. Thus, models are adjusted only for depth
of invasion. Data were analyzed with SAS 9.4 (SAS Insti-
tute Inc., Cary, NC). All tests were two-sided, and p val-
ues < 0.05 denoted statistical significance. All procedures
performed in studies involving human participants were
in accordance with Beth Israel Deaconess Medical Center
Institutional Review Board (protocol #: 2017P-000607) and
with the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. Informed consent
process was waived given the retrospective nature of this
study.

Results

We identified 334 potential cases of PAS through our data-
base query, of which 115 were histologically confirmed. Of
the 219 potential cases that were excluded, three were hys-
terectomy specimens from non-pregnant patients, one was
missing delivery outcome data, and 215 were identified in
the query for ‘creta’ because the pathology report included
comments such as “no evidence of accreta” or “rule out
accreta.” Of the 115 cases of histologically confirmed PAS,
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10 were excluded due to pregnancy termination, leaving 47
(44.8%) pregnancies with coexisting previa and 58 (55.2%)
without. Women with and without previa were similar with
regard to baseline characteristics such as age, race/ethnicity
and body mass index. However, women with previa were
more likely to report current smoking, less likely to be nul-
liparous and more likely to have had a prior cesarean deliv-
ery as compared to women without previa. Among women
with a prior cesarean delivery, 71.4% of those with previa
and 66.7% of those without previa had a history of low trans-
verse cesarean incision. Demographic characteristics and
relevant obstetric and surgical history are shown in Table 1.

Antenatal suspicion of PAS occurred more often for
women with previa (72.3%) compared to those without
(6.9%); those with previa also were more likely to experi-
ence antenatal bleeding (both p <0.001). Nearly, all women
with PAS and a coexisting previa underwent cesarean deliv-
ery (97.9%). Median gestational age at delivery was earlier
among pregnancies with previa. Prenatal and intrapartum
characteristics are shown in Table 2.

The median preoperative hemoglobin was significantly
lower for women with previa [11.2 (10.7-12.1)] compared to
those without previa [12.1 (11.5-12.9); p=0.001]. Among
women with PAS, 85.1% with previa required a blood
product transfusion compared to 37.9% without previa
(p<0.001). After adjusting for depth of invasion, women

with previa were twice as likely (aRR 2.0, 95% CI 1.3-3.1)
to receive a transfusion of any blood product compared to
women without previa. Furthermore, among those with a
preoperative hemoglobin less than 11, the risk of transfusion
was 1.5 (95% CI 0.88-2.7) for women with previa compared
to those without, adjusted for depth of invasion. Among
women with a preoperative hemoglobin of 11 or higher, the
risk of transfusion was 2.3 (95% CI 1.3-3.8) for women with
previa compared those without, adjusted for depth of inva-
sion. When evaluating individual blood products, women
with previa were more likely to receive packed red blood
cells, platelets, and cryoprecipitate; however, the groups
were similar with regard to the incidence of transfusion of
fresh frozen plasma and use of cell salvage. The incidences
and risk ratios for blood product transfusion are shown in
Table 3. Among those who received packed red blood cells,
the median number of units received was significantly higher
for those with previa [6.0 (3.0-12.0)] than those without [3.5
(2.0-6.0); p=0.03]. The median number of units of fresh
frozen plasma received was similar for women with previa
[4.0 (2.0-10.5)] and those without [3.0 (2.0-6.0); p=0.53)].
Similarly, there was no difference in the median units of
cryoprecipitate received by those with previa [2.0 (2.0-5.0)]
and those without [3.0 (1.0-6.0); p=1.0].

Median estimated perinatal blood loss in women with
and without previa was 3500 (2000-6500) mL and 1200

Table 1 Baseline characteristics
of pregnancies with placenta

With coexisting placenta ~ Without coexisting

. previa placenta previa
accreta spectrum with and n=47 n=58
without coexisting placenta
previa Maternal age (years) 37.4 (32.8-40.8) 36.0 (33.4-39.3)
Race/ethnicity
White/Caucasian 34 (72.3) 41 (70.7)
Black/African-American 4(8.5) 3(5.2)
Hispanic 2(4.3) 0(0.0)
Other 5(10.6) 8 (13.8)
Unknown 2(4.3) 6 (10.3)
Body mass index, initial prenatal visit (kg/mz) 25.2 (23.0-29.0) 23.6 (21.1-27.5)
Gravidity 4.0 (3.0-6.0) 3.0 (2.04.0)
Parity 2.0 (1.0-3.0) 1.0 (0.0-1.0)
Chronic hypertension 3(6.4) 6 (10.3)
Diabetes 3(6.4) 0(0.0)
Current smoker 6(12.8) 3(5.2)
Number of prior cesarean deliveries
0 5(10.6) 42 (72.4)
1 13 (27.7) 12 (20.7)
>2 29 (61.7) 3(5.2)
Unknown 0(0.0) 1(1.7)
Prior uterine curettage 14 (29.8) 25 (43.1)
Hysteroscopy 2 (4.3) 4(6.9)

All data are reported as median (interquartile range) or n (%)

@ Springer



1604

Archives of Gynecology and Obstetrics (2019) 300:1601-1606

Table 2 Prenatal and
intrapartum characteristics
of pregnancies with placenta

With coexisting
placenta previa

Without coexisting p
placenta previa

. n=47 n=58
accreta spectrum with and
withgut coexisting placenta Prenatal characteristics
previa In vitro fertilization 8 (17.0) 21 (36.2) 0.09
Hypertensive disorder of pregnancy 2(4.3) 16 (27.6) 0.002
Antenatal suspicion of invasive placentation 34 (72.3) 4(6.9) <0.001
Antenatal bleeding 22 (46.8) 3(5.2) <0.001
Intrapartum characteristics
Gestational age at delivery (weeks) 34.7 (32.6-36.9) 38.5(35.9-39.9) <0.001
Cesarean delivery 46 (97.9) 30 (51.7) <0.001
Unscheduled, for bleeding 17 (37.0) 3 (10.0) 0.01
Histologically confirmed depth of invasion <0.001
Accreta 18 (38.3) 48 (82.8)
Increta 12 (25.5) 7(12.1)
Percreta 17 (36.2) 3(5.2)
Hematocrit, nadir (%) 23.3 (20.9-25.5) 25.3 (22.0-35.7) 0.005
Platelets, nadir 128 (84-160) 146 (113-186) 0.06
Fibrinogen, nadir 209 (160-297) 231 (186-318) 0.16

All data are reported as median (interquartile range) or n (%)

Table 3 Risk of blood product transfusion in pregnancies complicated by placenta accreta spectrum with and without coexisting placenta previa

With coexisting pla-

Without coexisting pla-  Crude risk ratio (95% confi-  Adjusted risk ratio

centa previa centa previa dence interval) (95% confidence

n=47 n=>58 interval)?
Transfusion of any product 40 (85.1) 22 (37.9) 2.2(1.6-3.2) 2.0 (1.3-3.1)
Packed red blood cells 39 (83.0) 22 (37.9) 2.2 (1.5-3.1) 2.0(1.3-3.1)
Fresh frozen plasma 24 (51.1) 9 (15.5) 3.3(1.7-6.4) 1.7 (0.8-3.9)
Platelets 18 (38.3) 3(5.2) 7.4 (2.3-23.6) 4.9(1.4-17.4)
Cryoprecipitate 16 (34.0) 3(5.2) 6.6 (2.0-21.2) 4.6 (1.2-16.8)
Cell salvage 15 (31.9) 5(8.6) 3.7 (1.5-9.4) 1.7 (0.6-4.5)
Hysterectomy 43 (91.5) 20 (34.5) 2.7 (1.8-3.8) _b
ICU admission 18 (38.3) 5(8.6) 4.5 (1.8-11.1) 3.3 (1.1-9.6)

All data are reported as n (%) or risk ratio and 95% confidence interval
ICU intensive care unit

?Adjusted for depth of invasion

"Model did not converge

(800-2100) mL, respectively (p <0.001). Compared to those
without previa, those with previa experienced a significantly
higher incidence of hysterectomy and intensive care unit
admission (Table 3).

Discussion

Our findings support the hypothesis that women with PAS
and a coexisting placenta previa have greater hemorrhagic
morbidity than those without previa. Pregnancies compli-
cated by both PAS and previa were twice as likely to require
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a transfusion of at least one blood product compared to
pregnancies without previa. Specifically, those with previa
were more likely to receive packed red blood cells, plate-
lets, and cryoprecipitate. Women with PAS and previa also
had a higher risk of hysterectomy and intensive care unit
admission.

In one prior study evaluating the presence of “massive
blood loss and transfusion,” defined as > 5000 ml estimated
blood loss or receiving > 10 units of red blood cells, among
women with PAS, the researchers reported that those with
previa were more likely to have large volume transfusion
compared to those without, suggesting previa in the setting
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of PAS increases the risk of massive transfusion [9]. In
addition, a secondary analysis from a multicenter trial of
academic medical centers on the association of hemor-
rhagic morbidity and primary cesarean delivery showed that
women with previa were more likely to receive a transfusion
of packed red blood cells and to undergo a hysterectomy than
those without previa, though none of the women had PAS
[10]. This study suggests that among pregnancies without
PAS, previa is an independent risk factor for hemorrhagic
morbidity. Our findings are consistent with both of these
studies. In addition, women with previa had lower preop-
erative hemoglobin than those without previa, but the risk
of transfusion was still higher in the previa group among
those with higher preoperative hemoglobin, highlighting
the increased hemorrhagic morbidity of those with previa
and emphasizing the importance of prenatal diagnosis and
preparation.

Prenatal diagnosis of PAS is associated with decreased
maternal morbidity compared to intrapartum diagnosis and
allows for preoperative planning and care [11, 12]. One
intervention that has been shown to improve outcomes and
reduce hemorrhagic morbidity in the setting of PAS is a
multi-disciplinary team approach [13, 14]. A multi-disci-
plinary approach is supported by a recent joint consensus
statement by the American College of Obstetricians and
Gynecologist and the Society of Maternal-Fetal Medicine,
as well as the evidence-based guidelines from the Interna-
tional Society for Abnormally Invasive Placenta [14, 15].
In our cohort, only four women without previa (6.9%) had
a prenatal diagnosis of PAS, which highlights the difficulty
of diagnosing PAS in the absence of previa. If we could
improve diagnosis of PAS in the absence of previa, thus
allowing for planned multi-disciplinary care, we suspect
hemorrhagic morbidity for these women could be even fur-
ther reduced.

Our study has limitations. First, some of our outcomes
are subjective; specifically, the need for transfusion and esti-
mated blood loss are often physician-dependent. Due to the
retrospective study design, we could not assess adherence to
standard guidelines for transfusion, which may have changed
over the course of the study period, and we were limited to
data that were available in the medical record. In particular,
information regarding early ultrasounds and other early pre-
natal care was not available for some patients in this cohort
due to our institution serving as a referral center. In addi-
tion, the ability to temporize bleeding by various measures
(balloon tamponade, interventional radiologic procedure,
direct over-sewing of the placenta bed) could influence the
decision to transfuse. If uterine preservation was attempted,
this could have resulted in additional transfusion while this
was being performed. We were unable to abstract all details
of attempted uterine preservation for this study. Given that
previa is a known risk factor for peripartum hemorrhage,

regardless of PAS, those with previa may have been more
likely to be transfused due to heightened physician aware-
ness and concern. In regards to the pathologic evaluation,
there is no agreed upon nomenclature or definitions for
PAS and its subcategories within the international pathol-
ogy community. Although there was uniformity within our
cases, with each being reviewed independently, our findings
may not be generalizable to other institutions where patho-
logic criteria differ. Further, the generalizability of our find-
ings may be limited as our study was performed at a single
institution that serves as a regional referral center for PAS.

Importantly, our study also has several strengths. All
cases of PAS and previa were histologically confirmed. Our
samples were collected over two decades, which lessened
the likelihood of uniform treatment of the diagnosis and
increased the likelihood of management variation, which
may better approximate clinical care. To our knowledge, this
is the first study to attempt to assess the individual risk of
a previa with PAS as it pertains to maternal hemorrhagic
morbidity.

Though women with PAS and coexisting previa had a
higher risk of hemorrhagic morbidity compared to women
with PAS alone, both groups had a high absolute risk of
hemorrhage, as measured by blood product transfusion, and
intensive care unit admission. This not only highlights the
importance of prenatal diagnosis and preparation for deliv-
ery involving a multi-disciplinary team, but also emphasizes
the need to design protocols for blood supply management
at non-specialty medical centers. Given most cases of PAS
without previa in our cohort were not diagnosed prenatally,
we suspect that the majority of these cases in the USA are
similarly undiagnosed and deliver at non-specialty medical
centers. Future work is needed to improve prenatal diagnosis
of PAS to ensure multi-disciplinary delivery planning and
reduction in hemorrhagic morbidity.
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