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Condensation: High heterogeneity in prevalence data between population and

cohort studies is due to wide variations in diagnostic criteria in diagnosing accreta

placentation at birth.

Short title: Prevalence and outcome of placenta accreta spectrum.

AJOG at a Glance

¢ A. Why was this study conducted? From a rare pathologic condition of
placentation, placenta accreta spectrum is now a new risk factor for major
obstetric complications but its epidemiology has not yet been comprehensively
studied.

o B. What are the key findings? Large amounts of heterogeneity were found
between population studies for prevalence, incidence of peripartum hysterectomy
and haemorrhages requiring transfusions due to inconsistency between the
different types of population studies with regards to the criteria used to diagnose
and confirm the condition at birth.

e C. What does this study add to what is already known? Accurate estimation
of the prevalence and outcome of placenta accreta spectrum is currently
problematic because of the varying use of clinical criteria to define it at birth and

the lack of detailed pathologic examination.



Abstract

Objective: The objective of this study was to evaluate the prevalence of placenta

accreta spectrum in general population studies and the main maternal outcomes at

delivery.

Study design: Data sources: We searched PubMed, Google Scholar,

clinicalTrials.gov and MEDLINE between 1982 and 2018. Study eligibility criteria:
Articles providing data on the number of cases of placenta accreta spectrum per
pregnancies, births or deliveries in a defined population. Study appraisal and
synthesis methods: Study characteristics were evaluated by two independent
reviewers using a predesigned protocol. Primary outcomes were the prevalence of
placenta accreta spectrum and clinical diagnostic at birth and pathologic criteria used to
confirm the diagnosis. Secondary outcomes included cases requiring transfusion,
incidence of peripartum hysterectomy and maternal mortality rates. Heterogeneity

between studies was analysed with the Cochran’s Q-test and the |2 statistics.

Results: Of the 98 full-text studies identified, 29 articles met the defined criteria

including 22 retrospective and 7 prospective studies comprising 7,001 cases of placenta
accreta spectrum out 5,719,992 births. Prevalence rates ranged between 0.01 and
0.1% with an overall pooled prevalence of 0.17% (95% CI 0.14-0.19). Only 10 studies
provided with detailed histopathologic data. The pool prevalence for the adherent
versus the invasive grades was 0.5 (95% CI 0.3-0.36) and 0.3 (95% CI 0.2-0.4) per

1000 births, respectively. The pooled incidence for peripartum hysterectomy was 52.2%



(95% CI 38.3-66.4; 1= 99.8%) and 46.9% (95 % Cl 34-59.9, 1= 98.8%) for
haemorrhage requiring transfusion. The pooled estimate of maternal death was 0.05%
(95% CI 0.06-0.69, 1°=73%). We found large amounts of heterogeneity between studies
for all parameters and further quantifying was limited because of methodological
inconsistencies between studies with regards to clinical criteria used for the diagnosis of
the condition at birth and the histopathologic confirmation of the diagnosis and
differential diagnosis between adherent and invasive accreta placentation.

Conclusions: This meta-analysis indicates wide variation between studies for the

prevalence rate of placenta accreta spectrum and for the different grades of accreta
placentation, highlighting the need for consistency in definitions used to describe
placenta accreta spectrum at birth and in reporting on this increasing common obstetric

complication.

Key Words: Placenta accreta spectrum; invasive placentation; prevalence;

epidemiology; cesarean section.



Introduction

Placenta accreta spectrum is a pathologic condition of placentation where the villous
tissue adheres or invades the uterine wall."? The abnormally adherent grade of placenta
spectrum accreta, also described by early pathologists as “placenta creta” or “placenta
vera’, refers to villous tissue that is attached directly to the underlying myometrium without
interposing decidua. The invasive grades include placenta increta when the villi invade
the myometrium down to the uterine serosa and placenta percreta when the villi cross the
entire uterine wall and may reach the surrounding pelvic organs and vasculature.'? Both
the adherent and invasive grades of placenta accreta spectrum lead to failure of parts or
the whole placenta to separate spontaneously from the uterine wall at delivery.?

The main anatomical impact of placenta accreta spectrum is at the level of the
deep uterine vasculature? and when unsuspected at the time of delivery, attempts to
manually remove accreta placental tissue typically provoke rapid massive obstetric
haemorrhage.® The risk is particularly high in invasive cases due to the disruption of the
main branches of uterine arteries and the possible invasion of the bladder wall and
surrounding pelvic vessels.*® Women with placenta accreta spectrum are also more likely
to deliver early®” and most cases of placenta increta and percreta require complex
surgical management often involving different surgical specialists, interventional
radiologists, intensivist anesthesiologists, hematologists and neonatologists.>® Prenatal
diagnosis has been shown to decrease maternal morbidity and has thus become crucial
in improving the management of placenta accreta spectrum.®'" Recent retrospective
cohort studies from the US have also shown that women managed by a multidisciplinary

team in centre of excellence were less likely to require emergency surgery, large-volume



blood transfusions and reoperation within a week of delivery compared with women
managed by standard obstetric care without a specific protocol.'>1®

Access to specialist centres, to blood products for transfusion and neonatal and
maternal intensive care is variable in many high-income countries and often limited or
non-existent in most middle- and low-income countries. The 2017 report from the UK and
Ireland Confidential Enquiries into Maternal Deaths has indicated that although there was
no overall significant change in maternal death rates in the UK, between 2010-12 and
2013-15, there has been an increase in the mortality rate of women presenting with
abnormal placentation.!”

Cesarean sections are an essential component of a functioning and
comprehensive maternity system in all countries but health interventions, in particular in
low-income countries, have been mainly focused on access to safe obstetric surgical
and anaesthesia procedures. However, population studies'®® and a recent systematic
review and metaanalysis?® have shown a strong association between cesarean delivery
rates, number of prior cesarean sections and the incidence of accreta placentation in
subsequent pregnancies. There has been a worldwide increase in cesarean section
rates, with rates rising from less than 7% in 1990s to well over the 10-15% World
Health Organization (WHO) upper limit at the population level, in the last two
decades.?"?? In many middle- and high-income countries caesarean section rates have
reached 25-30% of all deliveries without any improvement in maternal and neonatal
mortality.?? In some middle-income countries such as Turkey, Mexico, Brazil and Egypt
more than half of births are via cesarean, mostly elective. As a consequence, in

countries with high-birth rate, like Egypt 23, the prevalence of placenta accreta spectrum



and its impact on maternal morbidity and mortality will rapidly outweigh the benefit of
improving access to quality obstetric care.

Considering the rapid increase in caesarean delivery rates worldwide in the last
decade, we undertook a systematic review and meta-analysis on the prevalence of
placenta accreta spectrum in general obstetric population studies. The main objective
was to assess the sources of heterogeneity across studies in reporting on the clinical
diagnostic criteria used to identify and confirm the different grades of placenta accreta
spectrum at birth and evaluate their possible impact on the incidence on main maternal

outcome data.

Materials and Methods

Eligibility criteria, information sources and search strategy

We undertook a PubMed, Google Scholar, clinicalTrials.gov and MEDLINE search for
studies published in any language between the first prenatal ultrasound description of
placenta accreta in July 1982 by Tabsh et al** and the 1st of April 2018. The search
protocol was designed a priori and registered on PROSPERO (CRD42017068589)

(www.crd.york.ac.uk/PROSPERO) in line with current recommendations and reported

as per PRISMA 2009 guidelines (www. prisma-statement.org). We used MeSH

headings, text words, and word variants for “placenta accreta®, “placenta increta®,

“placenta percreta®, “abnormally invasive placenta®, “morbidly adherent placenta®. We

combined these with terms related to “prevalence “, “maternal morbidity” “maternal

mortality“, “obstetric haemorrhage”, “peripartum hysterectomy” and “cesarean



hysterectomy“. We screened titles and abstracts of all citations for potentially relevant
papers. Full-texts were independently assessed by two authors (EJ and JLS) for
content, data extraction and analysis. Additional relevant studies were identified from
reference lists of reviews and editorials.

Study selection

We defined the prevalence of placenta accreta spectrum as the number of cases found
in general populations according to the total numbers of pregnancies, births or
deliveries (in the main text of each study). We excluded studies published before July
1982, cohort studies of specific conditions increasing the risk of placenta accreta

spectrum, cohort studies with less than 10 cases and case reports.

Data extraction

Clinical study characteristics were subsequently extracted independently by 2 reviewers
(EJ and LG) using a predesigned data extraction form including for all studies: year of
publication, country of origin, years of study, study type. The primary outcomes were the
number of cases of placenta accreta spectrum in the corresponding obstetric
population, the different clinical criteria used for the diagnosis of placenta accreta
spectrum at birth and pathologic confirmation of the clinical diagnosis including the
depth (grades) of villous invasiveness. Secondary outcomes included obstetric the
incidence of peripartum hysterectomies, the number of cases of obstetric haemorrhage

requiring transfusion and direct maternal mortality.

Assessment of risks of bias



The Quadas-2 tool for the quality assessment of diagnostic accuracy studies was used
to score the methodological quality of the included articles.?® The quality items assessed
were study design and the conduct and analysis of all included studies. Each item was
scored ‘high’ or ‘low’, or ‘unclear’ if there was insufficient information to make an
accurate judgment on the risk for bias. No study was excluded based on the risk of bias
assessment. Two independent reviewers (EJ and LG) undertook the quality
assessment. Discrepancies were resolved with evaluation from the third reviewer (JLS).
We assessed the following criteria: main study characteristics, description of clinical
criteria used to diagnose the placenta accreta spectrum at birth, detailed histopathologic

confirmation and description of the main management interventions.

Data synthesis

Meta-analyses were conducted to evaluate the variation in study outcomes between
studies using STATA software (version 15; StataCorp, College Station, TX). A random
effects model was used to combine the studies while incorporating variations among
studies unless there were three or less studies contributing to the meta-analysis in
which case a fixed effect model was used. Statistical heterogeneity was assessed with
the Cochran’s Q-test and the I? statistic (the proportion of variation in study estimates
because of heterogeneity rather than sampling error). The metaprop routine was used
which provides procedures for pooling proportions in a meta-analysis and uses
confidence intervals based on score or exact binomial procedures. Meta-regression was
used to assess whether variability amongst study estimates was due to the study being

prospective or retrospective. Forest plots are presented to graphically summarize the



study results and the pooled results. A test for heterogeneity between sub-groups (i.e.
study type) was conducted. The Pearson chi-square test was used to compare the
distribution of the different grades of placenta accreta spectrum in the different types of

studies. A p value of <0.05 was considered significant.

Results

Study selection
From 2170 citations identified we included 29 population studies from 13 different

countries for the quantitative analysis. (Figure 1).

Study characteristics

There were 22 retrospective studies’?646 and seven prospective.'%47-52 Twenty-eight
(28/29) were published after the year 2000 (Table 1). There were 18 studies from a
single institution4.26-31,33,36-40.42.44 "three involving two affiliated institutions32345! two
studies from the National Institute of Child Health and Human Development Maternal-
Fetal Medicine Units Network*®%0, two regional studies*348, three national studies*'454°
and two international studies involving four'® and two®’countries, respectively.

The clinical criteria described by the authors for the clinical diagnosis of placenta
accreta spectrum at delivery felt into three categories (Table 2): basic
description32:34.35,38-40,44,47,48,50.51. extended description?”3%-33: and World Health
Organization (WHO) international classification.'®36.4346 More than a third of the studies
(11/29)14.26,29,31,37,41,42,45,49,52 did not describe the clinical criteria used for the diagnosis of

placenta accreta spectrum at birth. Lateral extension of the accreta areas and detailed
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description of the uterine vasculature anatomical changes associated with invasive
placentation were not reported by any of the 29 studies.

Six studies#26:30-3242 ysed the histologic description proposed by Irving and
Hertig® i.e. absence of decidua between the placental villi and uterine myometrium, to
confirm the clinical diagnosis (Table 2). Three studies343%38 reported on the invasion of
the myometrium by placental villous tissue and four studies?%4546.50 reported having
confirmed the clinical diagnosis by pathologic examination at birth but with no
description or reference to the criteria used. Detailed histopathologic data on the depth
of villous invasiveness were only reported by ten studies'429:30.3136-38,42.49,52 gn g
included 473/757 (62.5%) cases of placenta creta, 117/757 (15.4%) placenta increta
and 167/757 (22.1%) placenta percreta (Table 3).

Twenty-seven out of 29 studies (90%) reported on surgical management
including 1656 cases out of 6007 patients managed by peri-partum hysterectomy (Table
4). Data on the number of blood transfusion was provided by half of the studies (16/29)
including 1146 cases out of 4562 patients requiring a transfusion. Information on
maternal death were reported in 23 studies with a total of 20 maternal deaths out of
4382 patients. One study reported 13 cases of maternal death®, two studies?*>?
reported two maternal deaths and three studies?®?7-33 reported one maternal death. The
other studies reported no maternal death. Seven studies?®:30:43-4548 reported no data on

maternal mortality.

Risks of bias of included studies
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The quality of the studies is shown in Figure 2. Fourteen of the included studies had a
risk of bias for patient selection, 16 for the index test, 16 for the reference standard and

18 for flow and timing.

Synthesis of results

A total of 7001 cases of placenta accreta spectrum out of 5,719,992 births or
pregnancies were included in the analysis. The metaanalysis showed a pooled
prevalence of 0.17% (95% CI 0.14-0.19) for placenta accreta spectrum in 29 studies
included in the review. There was considerable heterogeneity in prevalence data
between studies with an |2 value of 99.4% (Figure 3). We explored whether this
heterogeneity was due to study design but even looking at the retrospective and
prospective studies separately, there was considerable heterogeneity with 12 values
ranging between 98.5 % and 99.5 %. The prevalence of placenta accreta spectrum in
the different types of population studies is presented in Table 5. There was significant
(p<0.001) in-between studies heterogeneity (I°= 99.4%).

The overall pooled estimate for peripartum hysterectomy was 52.2% (95% CI
38.3-66.4; 1°= 99.8%) and 46.9% (95% CIl 34 to 59.9; I°= 98.8%) for haemorrhage
requiring transfusion. The overall pooled estimate of maternal death was 0.05% (95 %
Cl1 0.06-0.69; 1°=73%).

The pooled prevalence for the different grades of placenta accreta spectrum was
0.5 (95% CI 0.3-0.36; 1>= 94.8%) per 1000 births for placenta creta (adherent) grade
compared to 0.3 (95% Cl 0.2-0.4; 1= 92.7%) per 1000 births for the abnormally invasive

placenta category combining placenta increta and percreta (Table 6).
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Comment

Principal findings of the study

Our findings have quantified the variability between populations studies in the prevalence
of placenta accreta spectrum at birth. There was strong evidence of inconsistency
between the different types of population studies with regards to the criteria used to
diagnose and/or confirm the condition at delivery. The metaanalysis found large amounts
of heterogeneity for the incidence peripartum hysterectomy and for haemorrhage
requiring transfusion and moderate amounts for maternal death rates. These findings
highlight the effect of the absence of standardisation in reporting on placenta accreta
spectrum in many cohort studies. This affects all study types independently of their study
design and impairs the evaluation of the corresponding maternal outcomes and the

efficacy of different management strategies and techniques.

Results of the Study in the Context of Existing Literature

The reported prevalence of placenta accreta spectrum seems to have always been highly
variable. In their literature review, Lukes et al®* found that before 1966, the combined
prevalence of adherent and invasive placenta accreta ranged between in 1 in 948 and 1
in 40,000 deliveries. An expert review of the literature between 1977 and 2012 on
maternal and neonatal outcomes in placenta accreta, found that the pooled prevalence
during that period was 1 in 588 deliveries.® In the present review, the prevalence of
placenta accreta spectrum in population studies published between 1982 and 2018

ranged between around 1 in 100274% and 1 in 10,000.264° These data are directly
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influenced by the characteristics of the studies included in the review (Table 1). In
particular, we found a two-fold increase in the prevalence of placenta accreta spectrum
in retrospective compared to prospective studies and a three- to five-fold increase in
institution, network and regional studies compared to national and international studies
(Table 5). Institution and network studies usually involve centers with expertise in the
diagnosis and management of placenta accreta spectrum and this could explain the

higher prevalence of the condition in the corresponding populations.

Clinical Implications
Maternal outcomes in placenta accreta spectrum disorders depend on the identification
of the condition before or during delivery and in particular on the differential diagnosis
between its adherent and invasive forms. A third of the studies included in this review
did not provide a description of the clinical criteria used for the diagnosis at birth and
none of them reported on the anatomical changes of the uterine vasculature? that
should alert the surgeon to the presence of invasive accreta placentation. If the surgeon
is unaware of the diagnostic signs of the different grades of placenta accreta spectrum,
attempt at delivering the placenta at the time of repeat cesarean section will lead to
rapid bleeding from the placentation site. In this case, the patient outcome will depend
on the surgical skills of the attending obstetrician at performing a complex hysterectomy
procedure but also on immediate access to blood for massive transfusion and post-
operative adult intensive care.

Many of studies included in the present review have used the clinical and

histopathologic criteria described in 1937 by Irving and Hertig for abnormally adherent
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placenta accreta.®® The clinical symptoms of placenta accreta spectrum disorders, in
particular in cases of a partially adherent placenta (creta), can be very similar to those of
placental retention, i.e. difficult manual, piecemeal removal of the placenta, absence of
spontaneous placental separation 20-30 min after birth despite active management,
retained placental fragment requiring curettage after vaginal birth and heavy bleeding
from the placentation site after removal of the placenta during cesarean delivery. These
criteria have been used by several authors in this review.?”30:33.20 However, a retained
placenta, which is merely entrapped in the uterus after childbirth owing to constriction of
the cervix, should not be included in the category of placenta accreta spectrum nor should
cases where a retained placenta is easily removed within 30 min to 24h after birth.
Overall, the criteria used by most authors of cohort and population studies to describe
individual cases of placenta accreta spectrum have been highly variable and the WHO
ICD-10 classification provides no clinical description of the condition and in particular no
clue on the differential diagnosis between adherent and invasive accreta placentation
(Table 2). This can explain the wide heterogeneity in prevalence in the studies analyzed
in the present review and emphasizes the need to involve perinatal pathologists in

multidisciplinary team.

Research implications
Controversies still exist among experts regarding optimal timing of delivery, use of
adjunctive measures, and conservative (uterine-sparing) methods.3 The principal

management approach to controlling excessive bleeding due to accreta placentation
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during delivery has been and remains for the majority of specialists around the world to
perform a primary cesarean hysterectomy leaving the placenta in situ.356-59

Recent cohort studies have shown that prenatal diagnosis of placenta accreta
spectrum allows planned delivery by a multidisciplinary team and thus reduces maternal
peripartum haemorrhage and morbidity.5%8" However, despite more than 35 years of
experience in ultrasound imaging diagnosis of placenta accreta spectrum?*, there are
currently no national screening protocols and population studies in high-income
countries have shown that placenta accreta spectrum remains undiagnosed before
delivery in-between half*®5° and two-thirds of cases.?

The rates of blood transfusion and peripartum hysterectomy provide indirect
estimates of management strategies of placenta accreta spectrum. The deeper the villous
tissue invades and the large the accreta area, the more complex the management and
the higher the risk of poor outcome. Maternal mortality of placenta accreta spectrum has
been previously reported to be as high as 7% of cases.®? The authors of a decision-
analytic model built using data on national birthing order trends after cesarean delivery in
the U.S. between 1995 and 2005 have estimated that if primary and secondary cesarean
rates continue to rise, by 2020 the rate will be 56.2%, and as a consequence there will be
an additional 6236 placenta praevias, 4504 placenta accreta, and 130 maternal deaths
annually.® In the present review, one study from India®® accounted for 13 of the 20 cases
of maternal death and may due to local conditions such as access to prenatal diagnosis,
specialist surgeons, blood transfusion and intensive care facilities. The disproportionately

high prevalence of placenta accreta spectrum and low rates of peripartum hysterectomy
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in several studies (Table 4) suggest a high rate of misclassification with regards to
placental retention in the corresponding population.

These data highlight the need to standardize the definition and classification of
placenta accreta spectrum to identify the real healthcare burden of this condition. Whilst
the concept of core outcome measures within clinical trials is now well recognised and
championed, greater efforts to disseminate this approach in epidemiological research is
needed to facilitate global estimation and recognition of new obstetric complications

emerging on a global scale.

Strengths and limitations

This large and comprehensive systematic review and metaanalysis provides the first
critical evaluation of the global epidemiology of placenta accreta spectrum. Before this
review, data on the prevalence of placenta accreta spectrum were mainly based on
individual observational studies and expert reviews.

The main limitations of this review are the publications bias of mainly
retrospective and single institutions studies and considerable variation between studies
which may impact on the interpretation of the analysis of outcome data. It is also
possible that some of the data of single institution may have been included in specialist
network analysis and reports but the numbers are probably small. The lack of data on
the depth of accreta placentation in most studies of the present review limits also the
evaluation of differences in outcome between the adherent and invasive accreta

placentation. In addition, outcomes such as amount of blood loss or blood transfused
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are not reported or reported as mean values by most authors, limiting the overall

outcome analysis.

Conclusions

The current knowledge of the epidemiology of placenta accreta spectrum limits the
capacity building of healthcare providers on improvements in training, implementation of
guidelines and changes in clinical practice. Our data highlight the need to standardize
the definition, clinical description and classification of placenta accreta spectrum at the
international level to better identify the healthcare burden of this condition and facilitate
its estimation and recognition on a global scale. This information is necessary for
prospective studies with participatory methodologies involving local service providers to
accurately evaluate the consequences of increasing cesarean sections rates within

particular population context.
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Figure legends

Fig 1: Flow diagram showing the selection of reports included in the review.
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Fig 2: Quality assessment of population studies included in the systematic review on
prevalence of PAS using the Quadas-2 tool for the quality assessment of diagnostic
accuracy studies.
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Fig 3: Forest plots of prevalence data heterogeneity in prospective and retrospective
population studies.
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