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Roadmap to safety: a single
center study of evidence-informed
approach to placenta
accreta spectrum
Rachel A. Levy1*, Prisca C. Diala2, Harriet T. Rothschild2,
Jasmine Correa1, Evan Lehrman3, John C. Markley4, Liina Poder5,
Joseph Rabban6, Lee-may Chen7, Jo Gras1, Nasim C. Sobhani8,
Arianna G. Cassidy8 and Jocelyn S. Chapman7

1Department of Obstetrics, Gynecology & Reproductive Sciences, University of California,
San Francisco, CA, United States, 2School of Medicine, University of California, San Francisco, CA,
United States, 3Department of Interventional Radiology, University of California, San Francisco, CA,
United States, 4Department of Anesthesia and Perioperative Care, University of California,
San Francisco, CA, United States, 5Department of Diagnostic Radiology, University of California,
San Francisco, CA, United States, 6Department of Pathology, University of California, San Francisco, CA,
United States, 7Division of Gynecologic Oncology, Department of Obstetrics, Gynecology &
Reproductive Sciences, University of California, San Francisco, CA, United States, 8Division of Maternal
Fetal Medicine, Department of Obstetrics, Gynecology & Reproductive Sciences, University of
California, San Francisco, CA, United States
Objective: To assess the impact of an evidence-informed protocol for
management of placenta accreta spectrum (PAS).
Methods: Thiswas a retrospective cohort studyof patientswhounderwent cesarean
hysterectomy (c-hyst) for suspected PAS from 2012 to 2022 at a single tertiary care
center. Perioperative outcomes were compared pre- and post-implementation of a
standardized Multidisciplinary Approach to the Placenta Service (MAPS) protocol,
which incorporates evidence-informed perioperative interventions including
preoperative imaging and group case review. Intraoperatively, the MAPS protocol
includes placement of ureteral stents, possible placental mapping with ultrasound,
and uterine artery embolization by interventional radiology. Patients suspected to
have PAS on prenatal imaging who underwent c-hyst were included in the
analysis. Primary outcomes were intraoperative complications and postoperative
complications. Secondary outcomes were blood loss, need for ICU, and length of
stay. Proportions were compared using Fisher’s exact test, and continuous
variables were compared used t-tests and Mood’s Median test.
Results: There were no differences in baseline demographics between the pre-
(n= 38) and post-MAPS (n= 34) groups. The pre-MAPS group had more placenta
previa (95% pre- vs. 74% post-MAPS, p= 0.013) and prior cesarean sections (2
prior pre- vs. 1 prior post-MAPS, p= 0.012). The post-MAPS group had more
severe pathology (PAS Grade 3 8% pre- vs. 47% post-MAPS, p= 0.001). There
were fewer intraoperative complications (39% pre- vs.3% post-MAPS, p <0.001),
postoperative complications (32% pre- vs.12% post-MAPS, p=0.043),
hemorrhages >1l (95% pre- vs.65% post-MAPS, p=0.001), ICU admissions (59%
pre- vs.35% post-MAPS, p=0.04) and shorter hospital stays (10 days pre- vs.7
days post-MAPS, p=0.02) in the post-MAPS compared to pre-MAPS patients.
Neonatal length of stay was 8 days longer in the post-MAPS group (9 days pre-
vs. 17 days post-MAPS, p=0.03). Subgroup analyses demonstrated that ureteral
stent placement and uterine artery embolization (UAE) may be important steps to
reduce complications and ICU admissions. When comparing just those who
underwent UAE, patients in the post-MAPS group experienced fewer
hemorrhages greater five liters (EBL >5l 43% pre- vs.4% post-MAPS, p=0.007).
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Conclusion: An evidence-informed approach to management of PAS was
associated with decreased complication rate, EBL >1l, ICU admission and length
of hospitalization, particularly for patients with severe pathology.

KEYWORDS

accreta spectrum, cesarean hysterectomy, multidisciplinary approach, uterine artery

embolization, intraoperative complication
1 Introduction

Abnormal placentation occurs when the placenta is partially or

completely unable to detach from the uterus after delivery of a

neonate. A standardized grading system for placenta accreta

spectrum (PAS) has been endorsed by The International

Federation of Gynecology and Obstetrics (FIGO), The Royal

College of Obstetricians and Gynaecologists (RCOG), The

American College of Obstetricians and Gynecologists (ACOG)

and The Society for Maternal-Fetal Medicine (SMFM) (1). For

the purposes of this manuscript, Grades 1, 2 and 3 to refer to

previously accepted categories of pathologic findings of placenta

accreta, placenta increta, and placenta percreta respectively.

PAS is associated with significant maternal and neonatal risks

including a 100-fold increase in maternal mortality compared

to pregnancies unaffected by PAS (2), and is a leading

driver of severe maternal morbidity and increased rates of

premature delivery (3).

In the United States, there is a public health effort to decrease

maternal mortality (4–7). Important to this effort is identification

of strategies to effectively manage PAS, as rates of this disease

have increased 5-fold over the last 40 years, along with increased

rates of cesarean delivery (8, 9).

Management of PAS is not yet standardized, although prior

research has identified important principles and interventions

associated with improved outcomes.

Enhanced recovery after surgery (ERAS) protocols operate on the

principle that no single intervention is sufficient to improve surgical

recovery outcomes. While the ERAS® Society has developed

cesarean section bundles for antepartum, intraoperative, and

postpartum care, there are still no specific guidelines for cesarean

hysterectomy (c-hyst) and PAS. Bundling multiple evidence-

informed approaches, however, can have a dramatic impact (10,

11). Using this paradigm, our institutional Multidisciplinary

Approach to Placenta Service (MAPS) developed a protocol

incorporating evidence-informed interventions to standardize pre-,

intra- and postoperative care for patients undergoing c-hyst for

prenatally suspected PAS. This study compares maternal and

perinatal outcomes before and after implementation of the MAPS

protocol. We hypothesize that compared to the pre-MAPS group,

the post-MAPS group has improved outcomes.
2 Methods

This is a retrospective cohort study of patients who underwent

c-hyst for PAS before and after implementation of the MAPS
02
protocol on January 1, 2018. The study was approved by the

University of California, San Francisco institutional review board.

Patients with ICD9 and 10 codes (043.21, 043.22, 043.32) for

placenta accreta, placenta increta and placenta percreta between

January 1, 2012, and December 31, 2017 were allocated to the

pre-MAPS group, and patients who underwent MAPS consult

and underwent c-hyst between January 1, 2018 and December

31, 2022 were allocated to the post-MAPS group. Patients were

excluded if there was no suspicion for PAS on prenatal imaging

or if c-hyst was performed for an indication other than PAS.

A nine-month period of overlap during which the protocol was

implemented was considered a “washout period” to account for the

elements of the protocol that occur from the time of referral to our

center and delivery, i.e., those who underwent c-hyst immediately

after implementation of the MAPS protocol in January 2018 would

not have experienced all aspects of the protocol. Six patients

underwent c-hyst during the “washout” period between January 1,

2018 and August 31, 2018 and were excluded from analysis.

Prior to MAPS implementation, PAS was managed without a

standardized approach. After January 1st, 2018, all pregnant

patients with PAS suspected on prenatal imaging were referred to

the MAPS team and received treatment according to the protocol,

which is summarized in Figure 1 and described in detail below.

The preoperative elements of the MAPS protocol begins after

referral to our center. After initial consultation with Maternal

Fetal Medicine (MFM), the patient undergoes ultrasound (US)

and magnetic resonance imaging (MRI) of the placenta. Next,

there is a multidisciplinary case review to finalize the delivery

plan. Five general obstetricians have been trained to manage a

subset of PAS without routine gynecologic oncology (gynonc)

participation. Services such as gynecologic oncology, vascular

surgery, urologic surgery, transfusion medicine, and

interventional radiology are utilized as needed determined by the

multidisciplinary case review. In our center, a “hybrid” operating

suite, i.e., an operating suite with both conventional surgical

equipment and interventional radiology equipment, is available,

so that both procedures can be performed without the need to

move the patient to a different room. There are currently two

hybrid ORs at our institution. In the MAPS protocol, patients

with PAS undergo c-hyst in hybrid OR unless prevented by

patient acuity prevents this. No element of the MAPS protocol is

required; the delivery plan is individualized after team discussion.

The intraoperative features of the MAPS protocol include

routine placement of ureteral stents, placental mapping with

ultrasound to determine location of the hysterotomy (i.e.,

hysterotomy placement in an area of the uterus where there is no

underlying placenta), use of cell saver, and UAE by
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FIGURE 1

Multidisciplinary approach to the placenta service protocol flow.
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interventional radiology (IR) after delivery but before

hysterectomy. Postoperative features of the protocol include use

of ERAS pathway and prophylactic anticoagulation while

inpatient given the combined risk for venous thromboembolism

postpartum and after laparotomy (11, 12).

Final pathologic diagnosis is according to the international

pathology grading system which defines Grade 1 as noninvasive,

Grade 2 as superficial invasion and Grade 3 as deep invasion (1).

The following clinical data were extracted from the medical:

demographics (height, weight, BMI, age, language, race, ethnicity,

common medical comorbidities, and insurance status), prenatal

ultrasound findings, delivery outcomes, perioperative details

(surgical team, location of surgery, use of blood products, and

delivery status), neonatal outcomes, and pathology diagnosis. Prior

uterine procedures were defined as dilation and curettage (D&C),

dilation and evacuation (D&E), myomectomy (abdominal,

laparoscopic, hysteroscopic), other hysteroscopy, and endometrial

ablation. Cases booked as standby (without delay, but not yet

scheduled), within 48 h, within 24 h, within 6 h, urgent (within

hours of decision to operate) and emergent (without delay) were

all considered urgent. All other cases were considered scheduled.

The primary outcome was a composite of intraoperative

complications, defined as urinary tract injury and vascular injury.

Secondary outcomes included a composite of postoperative

complications, defined as disseminated intravascular coagulation

(DIC) (defined as <200 mg/dl serum fibrinogen) (13), renal

dysfunction (defined as serum creatinine increased two times the

patient’s baseline) (14), cardiac dysfunction (defined as ejection

fraction less than 40%) (15), postpartum transfusion, pulmonary

dysfunction (defined as pulmonary embolism, pulmonary

infection, and need for postoperative intubation), re-operation

within 1 week, re-admission within 1 month, infection (defined as

class 2 or greater) (16) or maternal death within 6 weeks of delivery.

Other secondary maternal outcomes included estimated blood

loss (EBL), need for blood transfusion, and maternal ICU admission.
Frontiers in Surgery 03
Neonatal outcomes included a composite of neonatal

complications (defined as respiratory distress syndrome,

intraventricular hemorrhage, necrotizing enterocolitis and

intubation); gestational age at delivery; birthweight; Apgar scores;

neonatal ICU admission; and neonatal length of stay.

Univariate analysis was used to compare baseline

characteristics. Two-tailed t-test was used to compare normally

distributed continuous variables and two tailed Mood’s Median

test was used to compare continuous variables that were not

normally distributed. Fisher’s exact test was used to compare

categorical variables. p < 0.05 was considered statistically

significant for all comparisons. Statistical analyses were

performed using Stata BE 17.0.

To assess the impact of ureteral stent placement, IR

embolization, location of delivery, urgency of delivery, and

severity of pathology, subgroup analyses were performed.

Because no patients in the pre-MAPS group delivered in the

hybrid OR, the potential impact of the delivery in the hybrid OR

was compared within the post-MAPS group to patients who

delivered in a standard OR.
3 Results

78 patients met inclusion criteria: 38 (53%) in the pre-MAPS

group and 34 (47%) in the post-MAPS group. Of 41 patients

pre-MAPS and 44 patients post-MAPS, 3 and 4 patients

(respectively) were referred but did not have suspected PAS on

imaging so were excluded from further analysis. Six patients were

excluded from the post-MAPS group to account for washout.

There were no significant changes in surgeons, surgical

technique, anesthetic technique, or technology during the

institution of the MAPS protocol.

There were no differences in basic demographics between the

two groups (Table 1). The pre-MAPS group had higher gravidity
frontiersin.org
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TABLE 1 Demographics of patients with PAS before and after
implementation of MAPS.

Pre-MAPS
(n = 38)

Post-MAPS
(n = 34)

p value

Maternal age in years 34 (32–37) 35 (31–40) 0.35

Race and ethnicity 0.66

Asian 2 (5%) 5 (15%)

Black (not Latinx) 2 (5%) 1 (3)

Latinx 17 (45%) 17 (50%)

Other/Unknown 7 (18%) 5 (15%)

White (not Latinx) 10 (26%) 6 (18%)

Gravity 5 (4–6) 4 (2–4) 0.002a

Parity 2 (2–3) 2 (1–2) 0.004a

BMI (Kg/m2) 33 (25–38) 30 (26–34) 0.24

Nulliparous 0 (0%) 2 (6%) 0.13

Number of prior cesarean
deliveries

2 (1–3) 1 (1–2) 0.012a

At least one prior uterine
procedure

8 (21%) 15 (44%) 0.036a

Placenta previa 36 (95%) 25 (74%) 0.013a

Current multiple gestation 0 (0%) 0 (0%) –

Diabetes 14 (37%) 9 (26%) 0.35

Hypertensive disease 4 (11%) 4 (12%) 0.87

Current IVF pregnancy 2 (5%) 5 (16%) 0.15

Final pathology 0.001a

Normal placenta 1 (3%) 1 (3%)

PAS Grade 1 11 (29%) 9 (26%)

PAS Grade 2 23 (61%) 7 (21%)

PAS Grade 3 3 (8%) 16 (47%)

Normally distributed data are presented as mean ± standard deviation, data that are

not normally distributed are presented as median (interquartile range), and

categorical data are presented as number (percentage).

BMI, body mass index; IVF, in vitro fertilization; MAPS, multidisciplinary approach to

the placenta service; PAS, placenta accreta spectrum.
aStatistically significant difference at p < 0.05.

TABLE 2 Perioperative management of patients with PAS before and after
implementation of MAPS.

Pre-MAPS
(n = 38)

Post-MAPS
(n = 34)

p value

Teams present intra-op
Interventional
radiology

7 (18%) 24 (71%) <0.001a

Gynecologic oncology 33 (87%) 26 (76%) 0.25

Radiology 10 (28%) 26 (81%) <0.001a

Urology 2 (6%) 3 (9%) 0.64

Vascular surgery 2 (6%) 0 (0%) 0.16

Delivery status 0.41

Scheduled 31 (82%) 25 (74%)

Urgent 7 (18%) 9 (26%)

Data that are not normally distributed are presented as median (interquartile range)

and analyzed with Mood’s Median test (two-tailed) and categorical data are

presented as number (percentage) and analyzed with Fisher’s exact test (two-

tailed).

MAPS, multidisciplinary approach to the placenta service; PAS, placenta accreta

spectrum; IR, interventional radiology; UAE, uterine artery embolization.
aStatistically significant difference at p < 0.05.

TABLE 3 Primary maternal outcomes including rate of intraoperative and
postoperative complications.

Pre-MAPS
(n = 38)

Post-MAPS
(n = 34)

p value

Intraoperative complications 15 (39%) 1 (3%) <0.001a

Postoperative complications 12 (32%) 4 (12%) 0.043a

Categorical data are presented as number (percentage) and analyzed with Fisher’s

exact test (two-tailed).

MAPS, multidisciplinary approach to the placenta service.
aStatistically significant difference at p < 0.05.
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(gravida 5 (IQR 4–6) pre- vs. 4 (IQR 2–4) post-MAPS, p = 0.002),

parity (total para 2 (IQR 2–3) pre- vs.2 (IQR 1–2) post-MAPS, p =

0.004), and number of prior cesarean deliveries (2 (IQR 1–3) pre-

vs.1 (IQR 1–2) post-MAPS, p = 0.012) (Table 1). A larger portion

of the post-MAPS group, had at least one prior uterine (non-

cesarean) procedure (21% pre- vs.44% post-MAPS, p = 0.036).

The pre-MAPS group had a larger portion of placenta previa

(95% pre- vs.74% post-MAPS, p = 0.013).

Post-MAPS patients were more likely to have PAS Grade 3 on

pathology examination of the surgical specimen (8 pre- vs. 47%

post-MAPS, p = 0.001).

Post-MAPS patients were more likely to have intraoperative

ultrasound (28% pre- vs.81% post-MAPS, p < 0.001) and uterine

artery embolization (18% pre- vs.71% post-MAPS, p < 0.00)

(Table 2). The distribution of scheduled and urgent deliveries

was similar between groups.
3.1 Primary outcomes

After implementation of the MAPS protocol, the rate of

intraoperative complications decreased from 39% to 3%

(p < 0.001, Table 3). The most common intraoperative

complication in both groups was cystotomy (12 of 15 pre- vs. 1
Frontiers in Surgery 04
of 1 post-MAPS). The rate of postoperative complications also

decreased from 32% to 12% (p = 0.043, Table 3).
3.2 Secondary outcomes

There were no differences in estimated blood loss (EBL),

transfusion rates of all blood products or use of cell salvage.

While the majority of surgeries had an EBL greater than 1liter

pre-MAPS (95%), only 65% had EBL > 1l in the post-MAPS

group (p = 0.001, Table 4). There were no differences between

rates of 2l, 3l, 4l, or 5l blood loss between groups. The rate of

ICU admission decreased from 59% pre- to 35% post-MAPS

(p = 0.042, Table 4). ICU length of stay was similar between

groups, but total hospital stay was shorter in the post-MAPS

group (10 days (IQR 6–18) pre- vs.7 days (IQR 5–10) post-MAPS,

p = 0.015, Table 4).
3.3 Subgroup analysis

We examined the effect of the MAPS protocol on those who

underwent scheduled and urgent c-hyst. The MAPS protocol was

associated with reduction in intraoperative complications in both

groups: 31% reduction among scheduled (p = 0.004) and a 57%
frontiersin.org
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TABLE 4 Secondary maternal outcomes including blood loss, transfusion
of blood products, level of care and length of stay.

Pre-MAPS
(n = 38)

Post-MAPS
(n = 34)

p value

Estimated blood loss (EBL) 2,000 (1200–4000) 1,425 (700–3275) 0.13

EBL > 1l 36 (95%) 22 (65%) 0.001a

EBL > 2l 20 (53%) 16 (47%) 0.64

EBL > 4l 10 (26%) 7 (21%) 0.57

Received PRBC intra-op 24 (63%) 23 (68%) 0.69

Transfused >2u PRBC
intra-op

27 (71%) 26 (76%) 0.60

Transfused >4u PRBC
intra-op

25 (66%) 17 (50%) 0.17

Transfused >6u PRBC
intra-op

21 (55%) 17 (50%) 0.66

Total transfused
PRBC (units) 3 (1–9) 4 (1–8) 0.65

FFP (units) 3 (0–8) 2 (0–7) 0.44

Platelets (units) 0 (0–2.5) 0 (0–1) 0.36

Cryoprecipitate (units) 0 (0–0) 0 (0–0) 0.62

Cell salvage (ml) 500 (200–723) 363 (200–500) 0.23

Maternal ICU admission 22 (59%) 12 (35%) 0.04a

Maternal length of stay in days
Total 10 (6–18) 7 (5–10) 0.02a

Postpartum 4 (4–5) 4 (4–5) 0.86

ICU 1 (1–2) 1 (1–2) 0.93

Data that are not normally distributed are presented as median (interquartile range)

and analyzed with Mood’s Median test (two-tailed) and categorical data are

presented as number (percentage) and analyzed with Fisher’s exact test (two-

tailed).

MAPS, multidisciplinary approach to the placenta service; PAS, placenta accreta

spectrum; L, Liters; u, unit; PRBC, packed red blood cells; FFP, fresh frozen

plasma; ICU, intensive care unit.
aStatistically significant difference at p < 0.05.
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reduction among urgent (p = 0.009) (Table 4). Among scheduled

cases there was a reduction in intraoperative hemorrhage (EBL

>1l) from 97% pre- to 60% (p < 0.001, Table 4).

We examined the effect of the MAPS protocol on subgroups of

those with PAS Grade 1 and those with PAS Grades 2–3. Among

those with less severe pathology, implementation of the MAPS

protocol was associated with decreased blood loss (EBL >1l 100%

pre- vs. 67% post-MAPS, p = 0.038) and decreased need for

greater than 4 units of PRBC (91% pre- vs. 33% post-MAPS, p =

0.007, Table 5). Those with more severe pathology experienced

elimination of intraoperative complications (50% pre- vs. 0%

post-MAPS, p < 0.001), decreased blood loss (EBL >1l 92% pre-

vs. 70% post-MAPS, p = 0.04), and decreased need for maternal

ICU admission (72% pre- vs. 35% post-MAPS, p = 0.01, Table 5).

Compared to pre-MAPS, post-MAPS patients were more likely

to undergo cystoscopy (37% vs. 97%), ureteral stent placement

(21% vs. 94%), and UAE (18% vs. 80%). We compared those

who underwent these intra-operative procedures pre- and post-

MAPS. Those who underwent any of these intra-operative

procedures experienced fewer intra-operative complications:

cystoscopy 50% pre- vs.3% post-MAPS (p < 0.001); stent

placement 50% pre- vs.0% post-MAPS (p < 0.001); UAE 43%

pre- vs.0% post-MAPS (p = 0.01). The same group had a

decreased rate of maternal ICU admission: cystoscopy 71% pre-

vs.36% post-MAPS (p < 0.03); stent placement 75% pre- vs.11%
Frontiers in Surgery 05
post-MAPS (p = 0.04); UAE 71% pre- vs.21% post-MAPS

(p < 0.01) (Table 5). Those who underwent UAE after

implementation experienced fewer postoperative complications

(71% vs.12%, p = 0.002) compared to those who underwent UAE

prior to implementation (Table 5). Although those who

underwent UAE did not experience decrease in hemorrhage >1l,

they were less likely to have more severe hemorrhage (EBL >5l

43% pre- vs.4% post-MAPS, p = 0.007, Table 5).
3.4 Neonatal outcomes

There were 33 neonates in the post-MAPS group (one in the

post-MAPS group had an intrauterine fetal demise prior to

delivery). There were no differences in neonatal complications

between the two groups. There was a trend toward earlier

gestational age at time of delivery post-MAPS, though this was

not statistically significant. There was a decrease in 5-min Apgar

score 8 (IQR 6–9) pre- vs.6 (IQR 4–8) post-MAPS (p = 0.03),

though no difference in 1 and 10 min Apgar scores. The length

of stay for the neonate increased 9 days (IQR 5–18) pre- to

17 days (IQR 7–25) post-MAPS (p = 0.03, Table 6).
4 Discussion

At a single tertiary care center, implementation of an evidence-

based multidisciplinary team protocol approach led to a reduction

in perioperative complications, postpartum hemorrhage, ICU

admission, and length of maternal hospitalization. Our collective

optimism about evidence-based protocols for management of

PAS is inextricable from the real morbidity and mortality

associated with PAS.

A strength of this study was inclusion of a standardized

approach in a single center with uniform reporting of prenatal

imaging findings and pathology results. A challenge of multi-

center studies of PAS is heterogeneity of reporting of imaging

and pathology findings, which introduces challenges to

standardization.

The retrospective nature of this study and small sample size are

limitations to this study.

While our sample size is sufficient for study power, the two

cohorts do not perfectly match. Both groups have equivalent

total parity, though interquartile ranges were different between

groups (P2 (IQR 2–3) pre- vs.P2 (IQR 1–2) post-MAPS, p =

0.004, Table 1). Therefore, those in the pre-MAPS group may

have been at slightly increased risk for uterine atony and

therefore hemorrhage. Patients in the pre-MAPS group had a

higher number of prior cesarean deliveries (2 prior (IQR 1–3)

pre- vs.1 prior (IQR 1–2) post-MAPS, p = 0.012, Table 1). This

may have predisposed them to intraabdominal adhesions leading

to intraoperative injury.

Placenta previa was more common in the pre-MAPS group

(previa 95% pre- vs.74% post-MAPS, p = 0.013) and PAS Grade

3 was more common in the post-MAPS group (PAS Grade 3 8%

pre- vs.47% post-MAPS, p = 0.001, Table 1). This may reflect
frontiersin.org
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TABLE 5 Subgroup analysis of select primary and secondary outcomes including complications, estimated blood loss (EBL) > 1l, transfusion > 4 units of
packed red blood cells (pRBC), intensive care unit (ICU) admission before and after implementation of the MAPS protocol.

5a. Scheduled procedures only
N (% of subgroup, % of total Pre or Post)

Pre-MAPS (n = 31) Post-MAPS (n = 25) p value

Intraoperative complications 11 (35%, 29% total) 1 (4%, 3% total) 0.004a

Postoperative complications 10 (32%, 26% total) 3 (12%, 9% total 0.07

EBL > 1L 30 (97%, 79% total) 15 (60%, 44% total) <0.001a

Transfused > 4u PRBC 19 (61%, 50% total) 13 (52%, 38% total) 0.48

Maternal ICU admission 18 (58%, 47% total) 9 (36%, 26% total) 0.10

5b. Urgent procedures only
N (% of subgroup, % of total Pre or Post)

Pre-MAPS (n = 7) Post-MAPS (n = 9)

Intraoperative complications 4 (57%, 11% total) 0 (0%, 0% total) 0.009a

Postoperative complications 2 (29%, 5% total) 1 (11%, 3% total) 0.37

EBL > 1L 6 (86%, 16% total) 7 (78%, 21% total) 0.69

Transfused > 4u PRBC 6 (86%, 16% total) 4 (44%, 12% total) 0.09

Maternal ICU admission 4 (57%, 11% total) 3 (33%, 9% total) 0.20

5c. PAS Grade 1
N (% of subgroup, % of total Pre or Post)

Pre-MAPS (n = 11) Post-MAPS (n = 9)

Intraoperative complications 2 (18%, 5% total) 1 (11%, 3% total) 0.66

Postoperative complications 3 (27%, 8% total) 0 (0%, 0% total) 0.89

EBL > 1L 11 (100%, 29% total) 6 (67%, 18% total) 0.038a

Transfused > 4u PRBC 10 (91%, 26% total) 3 (33%, 9% total) 0.007a

Maternal ICU admission 3 (27%, 8% total) 4 (44%, 12% total) 0.42

5d. PAS Grade 2 or 3
N (% of subgroup, % of total Pre or Post)

Pre-MAPS (n = 26) Post-MAPS (n = 23)

Intraoperative complications 13 (50%, 34% total) 0 (0%, 0% total) <0.001a

Postoperative complications 9 (35%, 24% total) 4 (17%, 12% total) 0.17

EBL > 1L 24 (92%, 63% total) 16 (70%, 47% total) 0.04a

Transfused > 4u PRBC 15 (58%, 39% total) 12 (52%, 35% total) 0.70

Maternal ICU admission 18 (72%, 47% total) 8 (35%, 24% total) 0.01a

5e. Ureteral stents placed
N (% of subgroup, % of total Pre or Post)

Pre-MAPS (n = 8) Post-MAPS (n = 32)

Intraoperative complications 4 (50%, 11% total) 0 (0%, 0% total) <0.001a

Postoperative complications 2 (25%, 5% total) 4 (12%, 12% total) 0.38

EBL > 1L 8 (100%, 21% total) 20 (62%, 35% total) 0.04a

Transfused > 4u PRBC 5 (62%, 13% total) 17 (53%, 50% total) 0.63

Maternal ICU admission 6 (75%, 16% total) 11 (34%, 32% total) 0.04a

5f. Cystoscopy performed
N (% of subgroup, % of total Pre or Post)

Pre-MAPS (n = 14) Post-MAPS (n = 33)

Intraoperative complications 7 (50%, 18% total) 1 (3%, 3% total) <0.001a

Postoperative complications 3 (21%, 8% total) 4 (12%, 12% total) 0.41

EBL > 1L 13 (93%, 34% total) 22 (67%, 65% total) 0.06

Transfused > 4u PRBC 6 (43%, 16% total) 17 (52%, 50% total) 0.59

Maternal ICU admission 10 (71%, 26% total) 12 (36%, 35% total) 0.03a

5g. Underwent UAE
N (% of subgroup, % of total Pre or Post)

Pre-MAPS (n = 7) Post-MAPS (n = 24)

Intraoperative complications 3 (43%, 8% total) 0 (0%, 0% total) <0.001a

Postoperative complications 5 (71%, 13% total) 3 (12%, 9% total) 0.002a

EBL > 1L 5 (71%, 13% total) 12 (50%, 35% total) 0.32

EBL > 5L 3 (43%, 8% total) 1 (4%, 3% total) 0.007a

Transfused > 4u PRBC 5 (71%, 13% total) 12 (50%, 35% total) 0.32

Maternal ICU admission 5 (71%, 13% total) 5 (21%, 15% total) 0.01a

Categorical data are presented as number (percentage) and analyzed with Fisher’s exact test (two-tailed).

MAPS, multidisciplinary approach to the placenta service; L, Liters; u, unit; PRBC, packed red blood cells; FFP, fresh frozen plasma; ICU, intensive care unit; UAE, uterine

artery embolization.
aStatistically significant difference at p < 0.05.
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TABLE 6 Neonatal outcomes before and after implementation of MAPS
protocol.

Pre-MAPS
(n = 38)

Post-MAPS
(n = 33)b

p
value

Birthweight in grams 2,435 (2200–
2810)

2,230 (1970–2505) 0.07

Gestational age at time of
delivery in weeks

35 (34–35) 34 (33–35) 0.21

Apgars
1 min 6 (3–7) 4 (2–7) 0.18

5 min 8 (6–9) 6 (4–8) 0.03a

10 min 7 (7–8) 7 (5.5–8) 0.68

Neonatal ICU admission 33 (87%) 32 (97%) 0.13

Neonatal length of stay 9 (5–18) 17 (7–25) 0.03a

Neonatal complications
Respiratory distress syndrome 16 (42%) 21 (64%) 0.072

Intraventricular hemorrhage 1 (3%) 0 (0%) 0.63

Necrotizing enterocolitis 0 (0%) 0 (0%) –

Intubation 4 (11%) 6 (19%) 0.33

Data that are not normally distributed are presented as median (interquartile range)

and analyzed with Mood’s Median test (two-tailed) and categorical data are

presented as number (percentage) and analyzed with Fisher’s exact test (two-

tailed).

MAPS, multidisciplinary approach to the placenta service; ICU, intensive care unit.
aStatistically significant difference at p < 0.05.
bAfter implementation of the MAPS protocol, one patient experienced intrauterine

fetal demise. Therefore, there are 33 neonates in the post-MAPS group.
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increased awareness about other risk factors for PAS. Without

logistic regression adjusting for these differences, the impact of

the MAPS protocol is uncertain. We argue, however, that the

impact of the differences in obstetric history (higher parity and

number of prior cesarean sections for pre-MAPS patients) may

be counteracted by the impact of the difference in gynecologic

history, as there was a higher prevalence of prior uterine

procedure in post-MAPS patients (44%) compared to that in pre-

MAPS patients (21%) (p = 0.036, Table 1).

The study does not consider complications from IR (such as

hematoma, aneurysm, pseudo-aneurysm) and anesthesia (such as

airway complications), which is a limitation as the use of UAE

increased post-MAPS (Table 5G).

PAS can require urgent clinical intervention. Despite antenatal

evaluation, 20%–25% of patients in this study required urgent or

emergent delivery. The similar intraoperative complication

rates for urgent and scheduled cases post-MAPS highlight

the adaptability of this protocol, allowing for streamlined

team mobilization and surgical planning without jeopardizing

patient outcomes.

As clinicians think more broadly about those at risk for PAS, it

is possible that referrals increased for patients with a history of a

uterine procedure that disrupts the endometrium (18). While we

know that the ability of the placenta to adhere and invade the

myometrium and surrounding pelvic organs involves a

combination of uterine and placental factors, the specific defects

in angiogenesis, proliferation and inflammation/invasion are not

yet well understood (19). As such, it is possible that PAS Grade

2 in a uterus with multiple prior D&Cs may be clinically

different than the PAS Grade 2 in a uterus with a prior cesarean

section scar (20). If so, the pre- and post-MAPS groups may
Frontiers in Surgery 07
have fundamentally different pathologies that could account for

the observed differences in outcomes.

Without logistic regression by gestational age at delivery, the

reason for increased neonatal length of stay after the

implementation of our protocol is unclear. Patients in the post-

MAPS group may have delivered at an earlier gestational age

because of close antepartum surveillance and delivery planning

compared to patients without close antepartum surveillance.

Further study is needed to evaluate this trend.

The complications evaluated in this study were those occurring

in the acute postpartum period (21). Rates of delayed postpartum

complications, particularly postpartum readmission, may be

underestimated. Because we are a referral center, patients who

live far away may present to a local hospital after discharge.

While outside facilities often contact us for readmission of

patients who underwent surgery at our institution, it is possible

that not all complications are captured.

Conservative management strategies were not incorporated

into our MAPS protocol for patients with a diagnosis of PAS.

Uterine-sparing management of PAS is associated with

complications such as sepsis and disseminated intravascular

coagulation (DIC) and a recurrence risk for PAS in subsequent

pregnancies exceeding 60% (22). The Placenta Accreta

(PACCRETA) study reported lower rates of blood transfusion

but higher rates of arterial embolus, readmission and infection in

those managed conservatively (23). Uterine-sparing surgical

techniques, however, including temporary occlusion of the

internal iliac arteries have been presented with promising

outcomes (24, 25). Patients referred to our program who, after

imaging and team discussion, were eligible for a uterine sparing

approach (i.e., preoperative imaging was not sufficiently

suspicious for PAS) and underwent vaginal or cesarean delivery

were not included in analysis. The impact of the MAPS protocol

on this group of patients is not represented in this study.

Individuals who underwent a cesarean hysterectomy

emergently without MAPS team evaluation and discussion were

also not included. It is possible that the existence of the MAPS

protocol and the systems in place to support a team-based

approach may improve outcomes in this group even in the

absence of a systematic preoperative MAPS evaluation.

This study builds on the pre-existing evidence regarding

interventions for patients with PAS. Two cohort studies

published more than ten years ago demonstrated decreased

transfusion rates and reoperation rates in patients managed at

high-volume centers and advocated for a multidisciplinary

approach. Minimizing placental manipulation has been

demonstrated to decrease blood loss (26).

Multiple interventional radiologic procedures have been

employed and in small case series are associated with variable

rates of decreased bleeding and post-procedure complications

(27–30). In our institution, we have previously demonstrated

gelfoam uterine artery embolization (UAE) following cesarean

delivery but before hysterectomy in patients with PAS is

associated with decreased EBL, transfusion requirements, and

length of ICU stay compared with c-hyst alone (31). Other

techniques to control intraoperative blood loss including
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temporary vascular occlusion of internal iliac arteries with clamps

are not routinely part of our surgical protocol (24, 25, 32).

Resuscitative endovascular balloon occlusion of the aorta

(REBOA), which has also been studied for PAS surgery, is not

available at our institution.

While ureteral stent placement was demonstrated to decrease

ureteral injury in one study, it had no impact in another (33,

34). The use of intraoperative cell salvage can decrease the need

for transfusion of allogenic blood products, which can be

associated with transfusion reaction and infection (35). One

retrospective cohort study and several case reports demonstrate

the feasibility and safety of PAS management in a hybrid OR

rather than in a traditional OR (36, 37). Several contemporary

cohort studies evaluating single-institution, multidisciplinary

management of PAS demonstrated decreased blood loss without

increased intraoperative complications, improved neonatal Apgar

scores and fewer emergent deliveries (38–40).

As with all bundled care protocols, our protocol includes

multiple interventions, and no single intervention can be

highlighted as the most important contributor to the observed

decrease in morbidity. Bundled interventions can make for a

costly and labor-intensive clinical program that warrants ongoing

evaluation and even de-escalation when appropriate.

While gynecologic oncologists continue to navigate their role in

managing PAS, institutions worldwide rely on gynecologic

oncology at time of c-hyst for PAS (17). An important feature of

our protocol was focused surgical training of a group of general

obstetricians to manage PAS without routine gynecologic

oncology participation. Implementation of our protocol may

decrease the need for gynecologic oncology presence in the

operating room at time of delivery. Perhaps with more

streamlined detection and management of PAS as well as more

frequent radiology and IR presence, the hospital system can more

efficiently utilize surgical resources.

This study adds to the literature supporting an evidence-

informed approach to caring for patients with PAS and suggests

that such programs include evidence-informed pre-, intra-, and

postoperative interventions to minimize the morbidity of this

disease. With ongoing attention to patients with PAS and

continued initiative to minimize the impact of this potentially

devastating disease, we hope to curtail the ominous impact of

PAS on maternal well-being.
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