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Introduction
Placenta accreta spectrum (PAS) refers to abnormal pla-

centation disorders including placenta accreta, increta and 
percreta. The diagnosis can be made clinically by the inability 
to separate the placenta from the uterus in the third stage of 
labor, or it can be diagnosed on pathology. If the diagnosis 
is not suspected prior to delivery and there is an attempt to 
deliver the placenta, there can be severe maternal complica-
tions from catastrophic bleeding. Even when it is suspected, 
there are significantly increased maternal risks including ex-
cessive blood loss, need for large volume blood transfusion, 
surrounding organ damage during surgery, intensive care unit 
(ICU) admission, need for reoperation, venous thromboem-
bolism, and death [1,2]. Additionally, there are risks to the 
fetus, mostly related to the necessity of preterm delivery.

The incidence of PAS is on the rise which mirrors the rise 
in cesarean delivery rates across the country. A recent es-
timate of the rate of placenta accreta spectrum was 1/533 
births compared with 1/7000 in the 1970s [2,3]. The major 
risk factors for placenta accreta spectrum are prior cesarean 
delivery or other uterine surgery, and presence of placenta 
previa [1,4]. The American College of Obstetrics and Gyne-
cology has put a strong emphasis on decreasing the rates of 
primary cesarean delivery in an effort to decrease the risks of 
downstream complications, however, the United States ce-
sarean delivery rate was still 32% in 2018 [5].

Appropriate identification of PAS is critical to ensure prop-
er referral and preoperative preparation. Diagnosis is usually 
accomplished by ultrasound with or without the aid of mag-
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netic resonance imaging (MRI) [6,7]. Antenatal diagnosis al-
lows for organization of a team of expert physicians and per-
sonnel that are experienced with complex cases, as well as 
planning for a controlled delivery. The most accepted mode 
of management is cesarean hysterectomy, although some 
groups advocate for a conservative approach through uterine 
preserving surgery, methotrexate therapy, or uterine artery 
occlusion [8,9].

While increasing in frequency, PAS remains a somewhat 
rare occurrence for each individual institution. In recent 
years, studies demonstrated that there are better outcomes 
when placenta accreta spectrum cases are managed in ter-
tiary care centers with a multidisciplinary approach [10,11]. 
The center must have the ability to perform accurate prenatal 
identification of cases as well as be able to perform massive 
transfusion during a surgery. Additionally, there must be in-
tensive care units for adults and neonates.

Our objective was to evaluate the effect of a standardized 
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traoperative team determined they were stable for postpar-
tum floor care.

All women who delivered after January 1, 2013 through 
January 2017 with suspected PAS were in the standardized 
management arm including women who were transported 
in urgently without the benefit of an outpatient workup and 
care conference. All women who delivered between January 
1, 2007 and December 31, 2012 were in the historic compari-
son group. Historically, suspected PAS was managed based on 
primary general obstetrician attending preference with con-
sultation to gynecologic oncology and other services at their 
own discretion.

Clinical data was collected retrospectively by chart review. 
The maternal clinical parameters that were extracted includ-
ed demographic factors, surgical history, ultrasound and MRI 
imaging characteristics, intraoperative use of ureteral stent-
ing, hypogastric artery balloon placement, type of anesthe-
sia, operative time, estimated blood loss (EBL), blood product 
transfusion, intraoperative and postoperative complications, 
ICU length of stay, post-operative hospital length of stay, re-
admission, reoperation, and death. Neonatal outcomes were 
also collected including birth weight, Apgar scores, transient 
tachypnea of the newborn, respiratory distress syndrome, in-
traventricular hemorrhage, and death.

The primary outcome was a composite of maternal mor-
bidity and mortality measures including ICU stay ≥ two days, 
blood transfusion > 4 units, reoperation within six weeks of 
surgery, readmission within 30 days, infectious complications, 
or hospital length of stay > five days after surgery. Secondary 
outcomes included whether delivery was scheduled or ur-
gent, gestational age at delivery, EBL, neonatal birth weight, 
and neonatal respiratory distress syndrome.

Categorical data was presented as numbers. Comparison 
between groups was performed with chi-square test and 
t-test. A P value of < 0.05 was considered statistically signifi-
cant. The effect estimates were calculated as odd ratios (ORs) 
with a 95% CI. Statistical analysis was performed with the use 
of SPSS 25.0.

Results
Through our study period, 71 cases of invasive placenta-

tion were identified. This included 29 cases prior to implemen-
tation of standardized care and 42 cases after. The pre- and 
post-implementation cases had similar age, gravidity, parity 
and underlying chronic medical conditions such as chron-
ic hypertension or pre-gestational diabetes (Table 1). The 
post-implementation group was more likely to have a concur-
rent placenta previa diagnosis (OR 3.79, 95% CI 1.13-12.69) 
and MRI imaging during the diagnostic evaluation (OR 3.65, 
95% CI 1.35-9.88). Emergent deliveries were less likely during 
the post-implementation period (OR 0.32, 95% CI 0.12-0.85). 
The most common indications for emergent delivery includ-
ed vaginal bleeding, preterm labor and preterm premature 
of membranes. Overall, there was no statistical difference in 
mean gestational age at time of delivery between pre- and 
post-implementation 123	 groups (35.38 c 3.23 weeks versus 
33.69 ± 3.91 weeks, P = 0.06).

multidisciplinary approach to PAS management on compos-
ite maternal morbidity and mortality at a tertiary care cen-
ter. We hypothesized that a standardized approach would 
decrease maternal morbidity without an increase in adverse 
effect on short-term neonatal outcomes.

Materials and Methods
This is a before-after retrospective cohort study at a single 

academic center. The study was approved by the Colorado 
Multiple Institutional Review Board. A quality improvement 
initiative was instituted in January 2013 to standardize the 
management of placenta accreta spectrum disorders. The 
protocol included coordinated care between specialists in 
maternal fetal medicine, gynecologic oncology, anesthesiol-
ogy, urology, interventional radiology, and neonatology. Each 
patient with suspected PAS was evaluated with ultrasound 
and MRI imaging, and a multidisciplinary care conference was 
held to plan for delivery and review imaging. For each case, 
the surgical approach was determined, and timing of delivery 
was scheduled between 34 and 36 weeks. Decision to place 
ureteral stents was made depending on location and degree 
of placental invasion on MRI. Outpatient care was primari-
ly managed through maternal fetal medicine physicians and 
outpatient consultation with a gynecologic oncologist was 
standard. Women were admitted the night prior to planned 
surgery, if not already inpatient on the antepartum service.

At time of surgery, blood products were cross matched 
including 6 units of packed red blood cells, 6 units of fresh 
frozen plasma and 1 unit of platelets. The surgery occurred in 
a hybrid operating room which allowed easier access to inter-
ventional radiology procedures, whether or not hypogastric 
artery balloon placement was part of the planned surgical 
approach. The obstetrical anesthesiology team placed an ar-
terial line and at least two large bore intravenous lines. An-
esthesia was provided via combined spinal epidural for the 
neonatal delivery followed by general anesthesia for the hys-
terectomy portion.

Ureteral stents and prophylactic hypogastric artery bal-
loons were utilized on a case-by-case basis depending on the 
preoperative imaging. The maternal fetal medicine team, 
consisting of a maternal fetal medicine attending physician, 
maternal fetal medicine fellow and physician, started the sur-
gery with a midline vertical incision and sonographic mapping 
of the placental edge to plan a safe location for hysterotomy. 
After delivery of the infant, the cord was tied off and replaced 
inside the uterus without attempted removal of the placen-
ta. The hysterotomy was then closed and the hysterectomy 
portion of the procedure was performed by the gynecologic 
oncology team which consisted of a gynecologic oncology at-
tending, a gynecologic oncology fellow and a resident physi-
cian. A total hysterectomy was performed with identification 
of ureters, and ureterolysis was performed when necessary 
to ascertain their course. Pedicles were controlled with a 
combination of standard suture ligation and the Ligasure de-
vice. Bilateral salpingectomy was performed if desired by the 
patient. A single intra-abdominal Jackson-Pratt drain was typ-
ically placed. Postoperatively, the patient was taken directly 
to the surgical ICU for one night of observation unless the in-
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mortality of pregnancy due to higher rates of bladder, ure-
teral and bowel injuries along with higher blood loss. The 
increasing prevalence of cesarean deliveries will mean more 
pregnancies complicated by PAS. Measures to improve ma-
ternal and neonatal outcomes are paramount. Prior studies 
have demonstrated improved outcomes amongst women 
who deliver at multi-disciplinary tertiary centers versus stan-
dardized obstetrical centers [10]. To further optimize delivery 
outcomes at a tertiary center, we demonstrate that the use of 
a standardized protocol resulted in a lower rate of emergent 
deliveries without lowering the gestational age of delivery. 
We found overall no difference in risk of composite adverse 
outcomes, though we suspect that could be due to our small 
sample size.

Advantages of a protocolized approach are a thorough, 
standardized predelivery evaluation of the extent of placen-
tal invasion. Our approach utilized the surgical expertise of 
gynecologic oncologists for the hysterectomy portion of the 
procedure. We believe that gynecologic oncologists’ surgical 
experience helps to decrease length of operating time and 
thus, minimize intraoperative blood loss as evidenced by a 

Overall adverse outcomes based on composite maternal 
morbidity and mortality were similar pre- and post- imple-
mentation (0.71 ± 0.99 vs. 0.89 ± 0.88, P = 0.443, Table 2). 
The post-operative hemoglobin was significantly higher after 
standardization (10.8 ± 4.8 vs. 13.6 ± 6.5, P = 0.039). There 
was no difference in average units of blood transfused (4.05 ± 
4.96 vs. 5.10 ± 4.48, P = 0.362). Other adverse outcomes were 
similar between the two groups including length of ICU and 
hospital stay, bowel, ureteral or bladder injury. There was 
one maternal death in our pre-implementation group and 
zero in our post group. Maternal delivery characteristics are 
summarized in Table 3.

Neonatal outcomes were deemed adverse if five-minute 
Apgar score was less than seven or if other complications 
were present such as transient tachypnea of the newborn, 
respiratory distress syndrome, intraventricular hemorrhage 
or neonatal death. Protocol use was not associated with any 
statistical difference in neonatal complications (Table 4).

Discussion
Placenta accreta spectrum increases the morbidity and 

Table 1: Demographics and patient characteristics.

Characteristic Post- implementation 
(N = 42)

Pre- implementation 
(N = 29)

Odds ratio (95% CI) P

Age (y) 33.05 (± 5.69) 33.41 (± 4.92) n/a 0.779

Gestational age at delivery (weeks) 33.69 (± 3.91) 35.38 (± 3.23) n/a 0.060

Mean gravidity 4.19 (± 3.00) 4.24 (± 1.96) n/a 0.923

Mean parity 1.76 (± 1.06) 1.69 (± 1.20) n/a 0.789

History of cesarean delivery 38 (90.5%) 21 (72.4%) 3.62 (0.98-13.46) 0.055

Number of prior cesarean delivery 1.79 (± 1.12) 1.21 (± 1.05) n/a 0.031

History of other uterine surgery 13 (31.0%) 11 (37.9%) 0.73 (0.27-1.98) 0.541

Concurrent placenta previa 36 (85.7%) 19 (65.5%) 3.79 (1.13-12.69) 0.031

Placental location 0.823

Fundal 2 (4.9%) 0 (0%) n/a

Anterior/central 30 (73.2%) 22 (78.5%)

Posterior 5 (12.2%) 3 (10.7%)

Partial/Low-lying 4 (9.8%) 3 (10.7%)

Antenatal MRI performed 29 (69.0%) 11 (37.9%) 3.65 (1.35-9.88) 0.011

Antenatal accreta diagnosis 36 (85.7%) 14 (48.3%) 6.43 (2.08-19.91) 0.001

Pregestational diabetes 1 (2.4%) 1 (3.4%) 0.68 (0.04-11.38) 0.791

Chronic hypertension 2 (4.8%) 2 (6.9%) 0.68 (0.09-5.09) 0.703

Data is mean ± standard deviation, or n (%) unless otherwise specified.

Table 2: Composite adverse maternal outcomes.

Post- implementation (N = 42) Pre- implementation (N = 29) P

Number of adverse events 0.71 (± 0.99) 0.89 (± 0.88) 0.443

Composite adverse outcomes

≥ 1 19 (45.2%) 19 (65.5%) 0.092

0 23 (54.8%) 10 (34.5%)

Data is mean ± standard deviation, or n (%) unless otherwise specified.
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Table 3: Maternal delivery characteristics.

Characteristic Post-implementation (N = 42) Pre-implementation (N = 29) Odds ratio (95% CI) P

EBL (cc) 3026.19 (± 2344.17) 3412.07 (± 1624.46) n/a 0.445

Blood transfusion (units) 4.05 (± 4.96) 5.10 (± 4.48) n/a 0.362

Pre and post operative hemoglobin 
decrease (mean % loss)

10.8 (± 4.8) 13.6 (± 6.5) n/a 0.039

Ureteral stents placement

Yes 13 (31.0%) 6 (20.7%) 1.72 (0.56-5.22) 0.340

No 29 (69.0%) 23 (79.3%)

Hypogastric artery balloon placement

Yes 8 (19.0%) 5 (17.2%) 1.13 (0.33-3.88)

No 34 (81.0%) 24 (82.8%) 0.847

ICU LOS (days) 0.62 (± 0.85) 0.50 (± 0.79) n/a 0.559

Hospital LOS (days) 5.0 (± 2.25) 4.45 (± 1.33) n/a 0.241

Hysterectomy operative time (hrs) 3:21 (± 1:24) 2:58 (± 1:16) n/a 0.269

Reoperation within 6 weeks

Yes 3 (7.1%) 2 (6.9%) 1.04 (0.16-6.64) 0.968

No 39 (92.9%) 27 (93.1%)

Readmission within 30 days

Yes 2 (4.8%) 2 (6.9%) 0.68 (0.09-5.09) 0.703

No 40 (95.2%) 27 (93.1%)

Infectious complication

Yes 2 (4.8%) 2 (6.9%) 0.68 (0.09-5.09) 0.703

No 40 (95.2%) 27 (93.1%)

Cystotomy

Yes 3 (7.1%) 3 (10.3%) 0.67 (0.12-3.56) 0.635

No 39 (92.9%) 26 (89.7%)

Ureteral injury

Yes 1 (2.4%) 0 (0%) n/a

No 41 (97.6%) 29 (100%)

Bowel injury

Yes 1 (2.4%) 1 (3.4%) 0.68 (0.04-11.38) 0.791

No 41 (97.6%) 28 (96.6%)

Maternal death

Yes 0 (0%) 1 (3.4%) n/a

No 42 (100%) 28 (96.6%)

EBL: Estimated blood loss; cc: Cubic centimeter; LOS: Length of stay. Data are mean ± standard deviation, or n (%) unless otherwise specified. 

Table 4: Neonatal outcomes.

Characteristic Post-implementation Pre-implementation Odds ratio (95% CI) P

Neonatal birthweight (g) 2297.51 (± 533.93) 2586.14 (± 678.45) n/a 0.053

5 minute Apgar < 7 1 (2.4%) 2 (6.9%) 0.33 (0.03-3.81) 0.374

Transient tachypnea of the newborn 3 (7.1%) 1 (3.4%) 2.15 (0.21-21.8) 0.516

Respiratory distress syndrome 12 (28.6%) 11 (37.9%) 0.65 (0.24-1.79) 0.409

Intraventricular hemorrhage 1 (2.4%) 0 (0%) n/a

Neonatal death 1 (2.4%) 1 (3.4%) 0.68 (0.04-11.37) 0.791

Data are mean ± standard deviation, or n (%) unless otherwise specified.
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smaller post-surgical drop in blood counts after protocol im-
plementation. In addition, more cases of placenta accreta 
spectrum were diagnosed antenatally after implementation 
which likely contributed to the lower rate of emergent deliv-
eries. More predictable, controlled deliveries results in fewer 
errors, increased availability of essential operative staff and 
avoids anesthetic complications associated with emergent 
intubations. In addition, antenatal diagnosis allows for antic-
ipatory guidance for delivery and neonatal counseling on the 
risks of preterm delivery. The treatment of placenta accreta 
spectrum leads to permanent sterilization for our patients, an 
outcome often challenging to endure, especially in emergent 
settings.

A key aspect of PAS management is balancing maternal 
morbidity with neonatal in utero growth. Our protocol was 
able to achieve our outcomes without worsening neonatal 
outcomes at the time of delivery. Multidisciplinary involve-
ment in delivery timing was a critical part of our protocol es-
pecially with maternal-fetal medicine expertise to weigh the 
risks of preterm birth to help determine target gestational 
age of delivery.

Our study had several limitations. The rates of rare com-
plications such as ureteral or bowel injury would require a 
much larger sample size than our study provided to identify 
significant differences. Our pre-standardization group was 
managed by individual physician preference - exact differenc-
es between prior management strategy and protocol man-
agement is unknown. In addition, as a tertiary care center, 
patients who were transported for emergent delivery with 
PAS did not have the benefit of standardized care.

In summary, the application of a standardized PAS pro-
tocol at a large tertiary academic center led to a lower rate 
of emergent deliveries without compromising neonatal out-
comes. While overall adverse composite scores did not differ 
after standardization, we suspect this finding was limited by 
small sample size. Further studies of larger sample size are 
needed to investigate effects on rare cesarean hysterectomy 
complications in this setting. When possible, the workup and 
management of placenta accreta spectrum cases should be 
protocolized.
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