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Abstract: The worldwide incidence of placenta accreta spectrum (PAS) is rapidly increas-
ing, following the trend of rising cesarean delivery. PAS is an heterogeneous condition
associated with a high maternal morbidity and mortality rate, presenting unique challenges
in its diagnosis and management. So far, the rarity of this condition, together with the
absence of high quality evidence and the lack of a standardized approach in reporting PAS
cases for the ultrasound, clinical, and pathologic diagnosis, represented the main challenges
for a deep understanding of this condition. The study of the available management strategies
of PAS has been hampered by the heterogeneity of the available epidemiological data on this
condition. The aim of this review is to provide a critical view of the current available
evidence on the screening, the diagnosis, and the management options for PAS disorders,
with a special focus on the challenges we foresee for the near future.
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Introduction

Placenta accreta spectrum disorder (PAS), also called abnormally invasive placenta
(AIP), describes a clinical situation where the placenta does not detach sponta-
neously after delivery and cannot be forcibly removed without causing massive and
potentially life-threatening bleeding.'> The incidence of PAS is rising worldwide.>*
This is most likely due to the increasing rates of cesarean delivery, which is the
major risk factor for PAS in subsequent pregnancies. PAS is one of the most
dangerous conditions of the pregnancy as it is significantly associated with maternal
morbidity and mortality.” Maternal and neonatal outcomes are generally improved
when diagnosis is made before delivery, and the woman is managed by
a multidisciplinary team with expertise in the condition.®’

Pathophysiology of PAS

Several theories have been proposed to explain why and how PAS occurs. The
prevailing hypothesis is that an iatrogenic defect of the endometrium—myometrial
interface leads to a failure of normal decidualization at the site of a uterine scar,
enabling abnormally deep trophoblast infiltration.® The decidua potentially regu-
lates trophoblast invasion, as demonstrated by the aggressive invasion of the
muscular and serosal layers seen when ectopic implantation occurs in areas where
the decidua is physiologically absent, such as the fallopian tube or the abdominal
cavity.”'® Disruption of the decidua, for example by a previous cesarean delivery
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incision, may result in loss of the inherent regulation and
uncontrolled invasion of extravillous trophoblast through
the entire depth of the myometrium. The extent of pene-
tration of the villous tissue within the myometrium is
likely to be related to the degree of the deciduo-
myometrial damage. Conditions like manual removal of

the placenta, uterine curettage, and endometritis''*'?

are
more likely to result in abnormally adherent placentation
(accreta). On the other hand, a full thickness surgical scar
is associated with both the absence of endometrial re-
epithelialization and vascular remodelling around the scar
area, and this may lead to abnormally invasive placenta-
tion (increta/percreta). 13

One additional mechanism has been recently suggested
in studies investigating the role of in vitro fertilization as
a risk factor for PAS A characteristic hormonal milieu at
the time of implantation and placentation resulting from
IVF may enhance trophoblast invasion and cause PAS.'
Aberrant placentation may be the effect of elevated serum
estrogens at the time of embryo implantation, which may
lead to excessive trophoblastic invasion through the endo-
metrium. Alternatively, lower serum estradiol levels
together with the presence of a thinner decidualized endo-
metrium may result in abnormal trophoblastic growth
leading to PAS."

In normal placentation, extravillous trophoblast cells
undertake a remodeling process of uterine arteries leading
to the progressive loss of myocytes and their internal elastic
lamina, which are replaced by fibrinoid material.
Consequently, the terminal coils of the spiral arteries are
dilated by an approximately 4-fold increase in their dia-
meter at the myometrial-endometrial interface and within
the distal myometrium. Conversely, the segment just below
the myometrial-endometrial interface represents the limit of
physiological trophoblast invasion and the arteries below
this
pregnancy.'® One additional finding observed in cases of

point remain highly vaso-reactive throughout
abnormally invasive placentation is an unusual uteroplacen-
tal vasculature in which physiological changes are present
in large arteries deeper in the myometrium in comparison
with normal pregnancies.'” Ultrasound imaging and macro-
scopic observation at delivery of the hyper-vascularity of
the placental bed in cases of invasive placentation suggest
a phenomenon of neovascularization in the area of uterine
scar in addition to the vasodilatation of the uterine vessels'>
(Figure 1).

A recent commentary on PAS highlighted the impor-
tance to abandon the old terminology focusing on PAS as

Figure | Placenta percreta, showing aberrant neovascularization of the lower
uterine segment. This extends down behind the urinary bladder (this can just be
seen at the top of the bladder).

an invasive trophoblastic disease and to start to consider
PAS as a disease resulting from a combination of many
factors such as a defective decidua, abnormal trophoblastic
attachment, abnormal angiogenesis and vascular remodel-
ling, and progressive uterine scar dehiscence.'®

Definition
According to the depth of trophoblast invasion into the
myometrium, three known variants of PAS can be differ-
entiated by pathologists:' placenta accreta (also called
placenta creta, vera, or adherenta), where the chorionic
villi attach directly to the surface of the myometrium in
the absence of the decidual layer;* placenta increta, where
the chorionic villi penetrate deeply into the myometrium
reaching the external layer;®> and placenta percreta, where
the invasive chorionic villi reach and penetrate through the
uterine serosa.'®

The first challenge when dealing with PAS is the het-
erogeneous definition of this condition used in the avail-
able literature. In the majority of the studies published in
the last few years there is no correlation between ultra-
sound signs, clinical presentation, and histopathologic
findings.'® In addition to this, in many series the inclusion
of both adherent and invasive forms of PAS in the same
category has made the interpretation of clinical data even
more difficult. Abnormal placentation includes both abnor-
mally adherent placenta (placenta accreta) and abnormally
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invasive placenta (AIP — including placenta increta and
placenta percreta); the term PAS encompasses the whole
spectrum of the disorder (Figure 2). In abnormally adher-
ent placenta the implantation of the villi is in direct contact
with the myometrium in the absence of an obvious plane
of cleavage. In abnormally invasive placentation, the villi
invade deeply the myometrium, and cannot be easily
removed either manually or by curettage. Another issue
in the diagnostic conundrum is the potential confusion
between a retained placenta and an adherent one, espe-
cially when the placenta is only partially adherent.®®*'
Placental retention occurs when the placenta separates
from the uterine wall, but it remains entrapped within the
uterus due to constriction of the cervix. This condition
should not be regarded as PAS, as inclusion of placental
retention among PAS cases might be responsible for over-
estimation of PAS prevalence. The result of different,
sometimes incorrect, diagnostic criteria is a wide variabil-
ity in the reported predictive value of antenatal imaging
strategies, and the outcomes associated with different man-
agement strategies™ (Table 1).

Epidemiology and Risk Factors

Another challenge is the accurate estimation of the pre-
valence of this condition. The prevalence of PAS will vary
among different populations according to the prevalence of
the risk factors associated with this condition. However,
more importantly, differences in prevalence estimates will
also arise from the variety of definitions used to diagnose
PAS. On top of the lack of differentiation in the degree of
invasion and the problem of the inclusion of retained

placenta among PAS cases, there is one additional issue.
In many medical conditions, the histopathologic findings
represent the gold standard for the diagnosis of the condi-
tion. However, in the case of PAS this may also lead to
some inaccuracies. Historically, the main histopathological
criterion used to confirm the diagnosis of PAS was the
absence of a decidual layer between the tip of anchoring
villi and superficial myometrium. However, myometrial
fibers can be found also in the basal plate of normal
placentas, and in the same placentas the decidua can be
undetectable, as it usually becomes thinner towards the
end of gestation. On the other hand, in many cases of
placenta percreta the depth of the invasion to the uterine
wall is such that no decidual and myometrial tissue are left
at the site of placental implantation, making histopatholo-
gic diagnosis impossible." Moreover, different degrees of
villous invasion have been described throughout the same
placenta, with areas of accreta and percreta coexisting on
the same specimen, further limiting the accuracy of micro-
scopic diagnosis as it becomes dependent on the site of
sampling. One more scenario that makes histopathologic
diagnosis of PAS impossible is conservative management
where the placenta is left in situ, with no histopathologic
specimen available for the diagnosis.

The literature is controversial on the sensitivity and speci-
ficity of the clinical criteria compared with histopathologic
diagnosis. The exclusion of the cases with negative or unavail-
able histopathologic examination may underestimate the real

incidence,?>2°

as the absence of indicative histological fea-
tures in cases of clinically suspected PAS does not exclude the

diagnosis.*® Therefore, the clinical definition has to be the most
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Figure 2 PAS includes both abnormally adherent placenta (placenta accreta) and abnormally invasive placenta (AIP — including placenta increta and placenta percreta). In the
abnormally adherent placenta the implantation of the villi is in direct contact with the myometrium in the absence of an obvious plane of cleavage, while in the AIP the villi
invade deeply into the myometrium and surrounding organs. FIGO defines these as Grades |, 2, and 3.
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Table | A Clinical and Histologic Grading System to Assess and Categorize Placental Adherence or Invasion at Delivery According to

FIGO Guidelines??

GRADE

DEFINITION

Clinical criteria

Histologic criteria

Abnormally adherent placenta

At vaginal delivery: - no separation with synthetic

oxytocin and gentle controlled cord traction; -

Microscopic examination of the placental bed

samples from hysterectomy specimen shows

Abnormally invasive placenta
(Increta)

over the placental bed: bluish/purple colouring,
distension (placental “bulge”); - significant amounts
of hypervascularity (dense tangled bed of vessels or
multiple vessels running parallel craniocaudially in
the uterine serosa); - no placental tissue seen to be
invading through the uterine serosa; - gentle cord
traction results in the uterus being pulled inwards
without separation of the placenta (so-called the

dimple sign).

(accreta) attempts at manual removal of the placenta results | extended areas of absent decidua between villous
in heavy bleeding from the placenta implantation tissue and myometrium with placental villi a ached
site requiring mechanical or surgical procedures. directly to the superficial myometrium - The

) ] ] . diagnosis cannot be made on just delivered placental

If laparotomy is required (including for caesarean . .

. . tissue nor on random biopsies of the placental bed.
delivery): - same as above; - macroscopically, the
uterus shows no obvious distension over the
placental bed (placental “bulge”), no placental tissue
is seen invading through the surface of the uterus,
and there is no or minimal neovascularity.

2 At laparotomy: - abnormal macroscopic findings Hysterectomy specimen or partial myometrial

resection of the increta area shows placental villi
within the muscular fibers and sometimes in the
lumen of the deep uterine vasculature (radial or

arcuate arteries).

3 3 a Limited to

Abnormally | the uterine

At laparotomy: abnormal macroscopic findings on

uterine serosal surface (as above) and placental

Hysterectomy specimen showing villous tissue

within or breaching the uterine serosa.

urinary bladder

into the bladder but no other organs: - clear surgical

invasive serosa tissue seen to be invading through the surface of the
placenta uterus; - no invasion into any other organ, including
(Percreta) the posterior wall of the bladder (a clear surgical
plane can be identified between the bladder and
uterus).
3 b With At laparotomy: placental villi are seen to be invading | Hysterectomy specimen showing villous tissue

breaching the uterine serosa and invading the

other pelvic

tissue or organs

or any other pelvic organ (with or without invasion
of the bladder).

invasion plane cannot be identified between the bladder and | bladder wall tissue or urothelium.

uterus.
3 c With At laparotomy: placental villi are seen to be invading | Hysterectomy specimen showing villous tissue
invasion of into the broad ligament, vaginal wall, pelvic sidewall | breaching the uterine serosa and invading pelvic

tissues/organs (with or without invasionof the
bladder).

Note: Reproduced with permission from Jauniaux E, Ayres-de-Campos D, Langhoff-Roos ], Fox KA,Collins S. FIGO Duncombe FIGO classification for the clinical diagnosis
of placenta accreta spectrum disorders. Int | Gynaecol Obstet off Organ Int Fed Gynaecol Obstet. 2019;146(1):20-24. Copyright 2019 John Wiley and Sons.?

important criteria for definition of PAS disorders® and should
always be taken into account. This is particularly true when the
placenta is found under a uterine dehiscence. Lower segment
scar dehiscence becomes likely in the third trimester due to the
pressure of the fetus and to uterine contractions, both of which
increase the disruption of the scar tissue. In such cases the
placental tissue can be seen under the serosa at the time of

cesarean section (see Figure 3). This is a “uterine window” and
can be incorrectly diagnosed as PAS (Figure 3). This error can
then be compounded by histology if the pathologist only looks
for placental villi directly adjacent to the serosa. However, in
the case of a uterine window the myometrium surrounding the
defect is completely normal.' In order to overcome all the
limitations in the study of PAS, a standardized clinical
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classification has been proposed by FIGO to describe and
categorize the different aspects of PAS at the time of
delivery*® (Table 1). The use of a standardized classification
for both the clinical and histopathological diagnosis of PAS
disorders is crucial to obtaining accurate and reliable data from
future studies.

PAS may occur after any kind of procedure that causes
damage to the endometrium, including curettage, manual
removal of the placenta, uterine-artery embolization, or
myomectomy.>’** Additional risk factors are advanced
maternal age, high parity, IVF, and a diagnoses of PAS
in a previous pregnancy.'®'%*%-°

However, the major risk factor for PAS is a prior cesarean
delivery in combination with placenta previa, namely,
a placenta implanting over the cervical os. Moreover, the risk
of PAS increases progressively with increasing number of
previous cesarean deliveries. A large multicenter US study
found that the risk of PAS in women with a placenta previa
and previous cesarean deliveries was 3%, 11%, 40%, 61%, and
67% for the first, second, third, fourth, and fifth or more
cesareans, respectively.®! Placenta previa is reported in around
half of all cases of PAS,* and, again, the risk of previa
increases with higher numbers of previous cesarean
sections.®® Over the last 40 years, cesarean section rates have
risen globally from less than 10% to over 30%, and at the same
time a 10-fold increase in the incidence of PAS has been
reported.®* Strong epidemiologic data support a direct link
between the increase in prevalence of PAS disorders and the
increase in cesarean delivery rates in most middle- and high-
income countries.> * %1333 I the beginning of the 20th

Figure 3 A uterine window. The placenta is seen directly below the serosa at the site of
a uterine dehiscence — note the completely normal appearance of the surrounding
myometrium. These dehiscences can be extremely large, resulting in a huge bulge of
placental tissue which can appear very alarming, leading to an incorrect diagnosis of PAS.

century, the first studies on placenta accreta reported the esti-
mated incidence to be one in 30,000 deliveries in the US.!! By
contrast, recent publications from all over the world reported
a notable increase in the prevalence of this condition, with an
incidence of one in 533 births** and even one in 321 births in
populations with higher rates of cesarean section.”

One emerging problem related with the development of
PAS is the presence of a cesarean scar pregnancy, which is the
implantation of the blastocyst into the hysterotomy scar. In this
condition the pregnancy can invade the myometrium and give
rise to the clinical expression of PAS conditions. Most but not
all scar pregnancies will develop into clinically significant
PAS, therefore, the real challenge is to identify the cases that
will potentially pose serious adverse effects on maternal
health, from the cases that will proceed as relatively normal
pregnancies.”®>’ The ability to discriminate between these two
scenarios is of utmost importance, as in cesarean scar preg-
nancy, termination of pregnancy should be discussed with the
woman. The relationships between the ectopic gestational sac,
previous cesarean scar, and anterior uterine wall thickness can
predict both the evolution of the scar during pregnancy
towards the most severe types of PAS, and the clinical out-
come of these women.>® Recently, a new ultrasound marker,
the cross-over sign (COS), has been suggested to have the
potential to stratify the risk of women with cesarean scar
pregnancy evolving towards PAS and to predict the surgical
outcome.® A recent systematic review’® suggests that expec-
tant management is a reasonable option for scar pregnancies
with no detectable fetal heart activity, as the majority of
women did not experience any major complication. On the
contrary, the presence of fetal heart activity might be asso-
ciated with a high burden of first- and second-trimester mater-
nal complications and for the pregnancies progressing to the
third trimester, with the occurrence of PAS conditions in about
three-quarters of the women. There is still a need for ade-
quately powered studies to ascertain whether and how prenatal
imaging can identify women with a cesarean scar pregnancy at
higher risk of PAS, and what is the optimal treatment of this
condition. These represent some of the important challenges of
the future research.

Diagnosis

Ultrasound Diagnosis

Accurate antenatal diagnosis of PAS has been demonstrated
to improve maternal outcomes, allowing appropriate risk
assessment and planned delivery in a tertiary referral

center with an experienced multidisciplinary team.®*
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While antenatal diagnostic accuracy reaches 95% in a series
from experienced centers, several population studies found
that PAS remains undetected before delivery in half of the
cases in the overall population.'***! Therefore, women with
relevant clinical risk factors for PAS (eg, placenta previa
and a cesarean scar) should undergo ultrasound evaluation
in a center with expertise in this condition.

Several studies have investigated the predictive value of
different ultrasound signs of PAS. However, the perfor-
mance of these signs has shown considerable variability.**
These differences have been mainly attributed to the prin-
cipal limitations of the available studies: the limited sample
size, the retrospective design, and the variability of the
diagnosis at delivery. In addition to this, a huge heteroge-
neity and complexity is reported in the terminology applied
to describe the ultrasound characteristics of PAS, with the
same sign being described using different names, and the
same term being used for different findings. One additional
problem is the fact that all the diagnostic techniques rely
strongly on the subjective opinion of the operator which
will vary according to their experience.*> As PAS is still
arare condition, many clinicians will not have much experi-
ence with the ultrasound appearance. Other factors which
may lead to over- or underestimation of the disease are the
scanning conditions (eg, a too full or too empty bladder), the
ultrasound equipment and settings used, and gestational
age. In particular, the color Doppler signs are more suscep-
tible to operator error as the color Doppler appearance of the
placenta is strongly dependant on the US machine settings.
Three-dimensional power Doppler ultrasound is currently
under investigation and its use might improve the accuracy
of PAS antenatal diagnosis.**

One additional problem is the lack of an ultrasound
sign or combination of signs for the effective definition of
the degree of invasion in PAS."'*'? This is mainly due to
the absence of correlation between ultrasound signs,
macroscopic aspects at delivery, and histopathology find-
ings in all the available studies. Providing good quality
evidence by applying a standardized approach in reporting
PAS cases for the ultrasound, clinical, and pathologic
diagnosis, represents the first challenge to obtain effective
screening, management, and to optimize the outcome of
women with PAS disorders.

In 2016, the “European Working Group on Abnormally
Invasive Placenta (AIP)” (now the International Society
for PAS) proposed a standardized definition of the PAS
ultrasound descriptors, in order to improve the compar-
ability among studies, to increase the diagnostic accuracy,

and to facilitate the international collaboration on the study
of PAS.® A reporting proforma based on these standar-
dized definitions has also been suggested.*> This standar-
dized terminology has been subsequently incorporated into
the 2019 FIGO guidelines on the prenatal diagnosis and
screening of PAS?® (Table 2).

MRI Diagnosis

Ultrasound is the first-line imaging tool for the screening
and diagnosis of PAS. However, it is now well-established
that magnetic resonance imaging (MRI) has a role in the
diagnosis of PAS, with high sensitivity and specificity.*®
Despite this, MRI has not demonstrated superiority over
ultrasound in the diagnosis of PAS so far. One confound-
ing factor to take into account when comparing the diag-
nostic accuracy of US and MRI for the diagnosis of PAS is
that MRI is not usually employed as a screening tool in
women with higher risk of PAS. Indeed, the first screening
is performed by US, and only women in which a suspicion
of PAS has been raised at the US are subjected to MRI
examination. This might lead to an overestimation of the
diagnostic capability of the MRI. In a recent study, MRI
resulted in a change in diagnosis that could alter clinical
management of PAS in more than one third of cases, but,
when changed, the diagnosis was often incorrect.*’

MRI has been recommended as a second-line imaging
tool for the diagnosis of PAS to assess the depth of
invasion and the lateral extension of myometrial invasion,
especially with posterior placentation and in women with
US suspicion of parametrial invasion.*® In fact, in certain
circumstances MRI can overcome the technical limita-
tions related with the US diagnosis of PAS. An unfavor-
able placental location or a high maternal body mass
index do not present a problem for the MRI. The entire
pelvis can be studied easily, and it also allows offline
revaluation by different physicians. The counterpart is
that MRI is more expensive and less available than US.
As with US, the terminology in the literature for MRI is
not consistent. Therefore, to facilitate international colla-
boration and comparison among studies, a standardized
definition of the MRI descriptors of PAS has been recently
proposed by the International Society for Placenta Accreta
Spectrum (www.is-pas.org; formerly the EW-AIP).*’

Clinical Diagnosis

In all cases of antenatal suspicion of PAS, ultimate confirma-
tion of this condition should always be undertaken intrapar-
tum, before surgical treatment is commenced. There is no
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Table 2 Unified Descriptors, as Suggested by the European
Working Group on Abnormally Invasive Placenta (EW-AIP), for

Ultrasound (US) Diagnosis of AIP. |3

US finding

EW-AIP suggested standardized
definition

2D grayscale

Loss of ‘clear zone’

Loss, or irregularity, of hypoechoic plane in
myometrium underneath placental bed

(‘clear zone’)

Abnormal placental

Presence of numerous lacunae including

interruption

lacunae some that are large and irregular (Finberg
Grade 3), often containing turbulent flow
visible on grayscale imaging

Bladder wall Loss or interruption of bright bladder wall

(hyperechoic band or ‘line’ between uterine
serosa and bladder lumen)

Myometrial thinning

Thinning of myometrium overlying placenta
to < | mm or undetectable

Placental bulge

Deviation of uterine serosa away from
expected plane, caused by abnormal
placental tissue into neighbouring organ,
typically bladder; uterine serosa

appearsintact but outline shape is distorted

Focal exophytic mass

Placental tissue seen breaking through
uterine serosa and extending beyond it;
most often seen inside filled urinary bladder

2D color Doppler

Uterovesical

hypervascularity

Striking amount of colour Doppler signal
seen between myometrium and posterior
wall of bladder; this sign probably indicates
numerous, closely packed, tortuous vessels
in that region (demonstrating

multidirectional flow and aliasing artifact)

Subplacental

hypervascularity

Striking amount of colour Doppler signal
seen in placental bed; this sign probably
indicates numerous, closely packed,
tortuous vessels in that region
(demonstrating multidirectional flow and

aliasing artifact)

Bridging vessels

Vessels appearing to extend from placenta,
across myometrium and beyond serosa into
bladder or other organs; often running

perpendicular to myometrium

Placental lacunae

feeder vessels

Vessels with high-velocity blood flow
leading from myometrium into placental

lacunae, causing turbulence upon entry

(Continued)

Table 2 (Continued).

3D ultrasound *

power Doppler

Intraplacental Complex, irregular arrangement of

hypervascularity numerous placental vessels, exhibiting

tortuous courses and varying calibers

Placental bulge (as in 2D)
Focal exophytic mass (as in 2D)
Bridging vessels (as in 2D)

*2D, two-dimensional;
3D, three-dimensional.

Note: Reproduced with permission form Collins SL, Ashcroft A, Braun T, et al.
Proposal for standardized ultrasound descriptors of abnormally invasive placenta
(AIP).Ultrasound Obstet Gynecol off ] Int Soc Ultrasound Obstet Gynecol. 2016;47
(3):271-275. Copyright 2016 John Wiley and Sons.*®

Abbreviations: 2D, two-dimensional; 3D, three-dimensional..

robust evidence demonstrating the best clinical diagnostic
method for the intrapartum diagnosis of PAS. However,
a stepwise process for the diagnosis of PAS after laparotomy
has been recently proposed.’® This will include:

e Step 1: Thorough inspection of the external surface
of the uterus and the pelvis for frank signs of
placental invasion including: a) abnormal appear-
ance of the uterus over the placental bed (bluish/
purple appearance) with evident distension (placen-
tal bulge); and b) obvious invasion of the placental
tissue through the surface of the uterus with or
without invasion of the serosa. If these aspects
are clearly seen, the diagnosis of PAS disease can
be confirmed.

e Step 2: If there is no clinical evidence of the most
invasive forms of PAS, with no placental tissue seen
to be invading through the uterine serosa, the uterine
incision should be made leaving the placenta undis-
turbed, and gentle cord traction can be attempted. If
traction on the umbilical cord causes the uterine wall to
be visibly pulled inward in the direction of traction with
no separation of the placenta (the “dimple” sign) and
there is apparent contraction of the uterus separate from
the placental bed, then PAS can be diagnosed.

e Step 3: When PAS has not been diagnosed by the
previous two steps, then gentle digital exploration
can be attempted to assess the presence of a plane
of cleavage between the uterus and the placenta.
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A clinical and histologic grading system to assess and
categorize placental adherence or invasion at delivery has
been recently recommended (Table 1).

Biomarkers of PAS Disorders

Several potential biomarkers have been studied in PAS,
showing variability of measurement depending on gesta-
tional age at sampling.”' In the serum of women with PAS
disorders, the human chorionic gonadotropin (hCG) and its
free beta-subunit (B-hCG) have been shown to be lower and
pregnancy-associated plasma protein A (PAPP-A) higher, at
11-12 weeks of gestation. At the same time, at 14-22
weeks, serum B-hCG and alpha-fetoprotein (AFP) were
found to be higher in cases of PAS. In a recent study,
women with PAS were found to have a unique and distinct
plasma protein profile compared with control subjects, char-
acterized by dysregulation of about 50 proteins involved in
the inflammatory response, in the regulation of vascular
remodelling, and extracellular matrix proteins regulating
invasion.’> Currently, there is no evidence of an effective
biomarker for a serological screening of PAS.?’ However,
we can imagine that in the near future the combination of
ultrasound details with serological analytes will give us the
opportunity to offer screening for PAS disorders, as we
currently do for aneuploidies or preeclampsia.

Management Strategies
The depth of placental invasiveness is one of the main
factors affecting maternal outcome.’ Therefore, in order to
identify the best strategies for the management of PAS,
a correct assessment of the degree of the invasion at the
time of delivery, stratification of women according to this,
and a precise correlation between prenatal imaging, intra-
operative and pathological aspects are of utmost impor-
tance when comparing data from different studies.
However, due to the relative rarity of this condition, and
given the ethical issues that randomized trials would face,
high quality studies dealing with the management of PAS
disorders are still lacking. Most of the information to guide
the management are taken from retrospective cohort stu-
dies, case series, and opinion papers. As a result, different
strategies for the management of PAS have been
described, with some clinicians opting for the traditional
radical approach, and some others proposing conservative
techniques.”*

One of the cornerstones of the management of PAS is
to avoid any attempt to remove the placenta, either in the
conservative or in the radical approach. In fact, in

abnormally invasive placentation, any attempt to forcibly
remove the placenta will leave placental fragments within
a very deficient myometrium, resulting in uncontrolled
major obstetric hemorrhage. Making no attempt to remove
any of the placenta, either during conservative manage-
ment or prior to cesarean hysterectomy, is associated with
decreased levels of hemorrhage and a reduced need for
blood transfusion.’

One more challenge when dealing with PAS is to
define the best time of delivery in order to optimize
maternal and neonatal outcome. Earlier elective cesarean
delivery may reduce the risk of bleeding or labor, leading
to an emergency delivery, which has been associated with
higher maternal complications;>> however, earlier delivery
will also increase the risks to the neonate related with
prematurity. Several management strategies have been
proposed, suggesting planned elective delivery ranging
from 34-38 weeks,*® %3368 fyrther demonstrating
that there is still insufficient evidence to recommend one
gestational age over another. One reasonable approach
could be to tailor the timing of delivery based on the
individual woman’s risk of emergent delivery. Expectant
management until after 36+0 weeks can be considered
a safe option for women with no previous history of
preterm delivery and who are stable with no vaginal bleed-
ing,
(PPROM), or uterine contractions suggestive of preterm

preterm premature rupture of the membranes

labour. On the contrary, planned delivery at around 34+0
weeks’ gestation should be arranged for women with
a history of previous preterm birth, multiple episodes of
small amounts of vaginal bleeding, a single episode of
a significant amount of vaginal bleeding, or PPROM.
Antenatal steroids prophylaxis should be administered in
accordance based to the current local guidelines for the
specific gestation at delivery.>”

Maternal morbidity has been proven to be significantly
reduced when care is provided in a center of excellence for
the management of PAS conditions.®”->>**° The hallmark
features of a center of excellence for the management of
PAS have been recently defined by many international
societies. A center of excellence is usually a tertiary refer-
ral hospital, which can provide a multidisciplinary team
(MDT) with significant experience in managing the most
invasive forms of PAS providing both antenatal diagnosis
and preoperative planning. The MDT should be available
24 hours a day, 7 days a week, to ensure that expertise is
available for emergency situations, including prompt
availability of the interventional radiologist, colorectal
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surgeon, vascular surgeon, hematologist, and massive
transfusion facilities. Communication and collaboration
with the blood bank is crucial in view of the planned
delivery given the probable need for large-volume blood
transfusion. A high volume of cases per year is necessary
to maintain the experience of the MDT.?*>3->7-6¢

Traditional Surgical Management
Cesarean hysterectomy is considered the gold standard for
the treatment of invasive placentation. However, also this
radical approach is associated with high rates (40-50%) of
severe maternal morbidity, mostly related to hemorrhage
and insult to surrounding organs during surgery, and mor-
tality rates as high as 7% due to massive untreatable
hemorrhage.®'*®> However, a recent meta-analysis sug-
gested that when prenatal diagnosis and multidisciplinary
expert management are available, rates in the range of
0.05% are achievable.®” In a recent systematic review
and meta-analysis almost 90% of antenatally suspected
cases of PAS underwent cesarean hysterectomy.'>

A vertical skin incision is the preferred option for many
clinicians, as it allows adequate access to the uterus and
pelvic walls. However, large transverse incisions, such as
a modified Maylard, have been reported and might be
preferred due to a faster healing as well as for cosmetic
reasons. There is no strong evidence to recommend one
type of skin incision over another. Therefore, the decision
should be made in accordance to the preference of the
operating team taking into consideration the location of
the placenta, the degree of invasion suspected, the like-
lihood of intraoperative complications, the maternal body
habitus, and the gestational age.’>>* The uterine incision
should be performed avoiding placental transection in
order to reduce maternal morbidity related to blood loss
from the placental bed. This is a fundal incision in many
cases. Intraoperative ultrasound of the exposed uterus,
undertaken in a sterile manner, can be considered to iden-
tify the upper placental edge and guide the decision
regarding the site of hysterotomy.** After delivery of the
infant the uterine incision will be rapidly closed and the
hysterectomy will be carried out. The type of hysterect-
omy performed should be individualized on a case-by-case
basis. In the majority of cases, a total hysterectomy is
needed because of the cervical invasion involved in
a complete previa.

Cesarean hysterectomy in women with PAS is techni-
cally challenging, and the reported risk of adjacent organ
injury is relevant (adjusted OR=8.2; 95% CI=5.2-13.1).%

Urinary tract injuries are described in 29% of the proce-
dures performed in women with PAS, with a reported rate
of 76% for bladder lacerations, 17% for ureteral injuries,
and 5% for genitourinary fistulas.®® The main risk factors
for urinary tract injury are reported to be the depth and
extension of placental invasion, the intraoperative blood
loss, and the number of previous cesarean deliveries.®’
The occurrence of injury to other abdominal organs, such
as the bowel and the pelvic vessels and nerves, has also
been reported, but these complications are less common.®®

Delayed hysterectomy is an alternative radical surgical
management strategy for PAS. This involves the delivery
of the baby, then closure of the uterus with the placenta
left in situ, and closure of the maternal abdomen.
A planned hysterectomy can then be scheduled 3-12
weeks postpartum.*® The rationale of this approach is
that the uterine perfusion reduces after delivery, even
with the placenta in situ, and involution of the uterus and
reduction of the vascularity will make later surgery less
risky for the woman.

One more scenario where delayed hysterectomy should
be applied is the case of unsuspected highly invasive PAS
diagnosed at the opening of the abdomen for an elective
repeat cesarean section. A high degree of invasion of
surrounding structures would mean an extremely difficult
cesarean hysterectomy. If the surgeon has limited experi-
ence in performing complex surgical procedures and both
mother and baby are stable, the cesarean section should be
delayed to wait for trained staff and adequate resources or
to arrange maternal transfer to a center of excellence.*® If
the baby needs delivering urgently and the placenta is not
bleeding, a delayed hysterectomy can be undertaken with
the woman being transferred to a center of excellence for
a hysterectomy at a later date.

Conservative Management
Conservative management of PAS consists of any
approach whereby hysterectomy is avoided. The conserva-
tive approach might be considered in two circumstances: 1)
when the intraoperative findings suggest that hysterectomy
will be likely complicated and associated with a high risk
of massive hemorrhage or adjacent tissue injury that may
be reduced by leaving the placenta in situ; and 2) for
women who desire future childbearing, or whose fertility
is inextricably linked with social status and self-esteem.®’
In the conservative approach, the umbilical cord is
ligated close to its placental insertion after delivery, and

without any attempt of removal, the placenta is left in-situ
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adherent to the myometrium. The use of adjunctive mea-
sures to reduce blood loss and to speed up the process of
placental resorption has been reported. Among them: meth-
otrexate, compression sutures, balloon tamponade, uterine
artery embolization and/or uterine artery ligation. No effi-
cacy for any adjunct has been proven, in fact they may be
correlated to adverse outcomes. Several case reports exist of
uterine necrosis in conservative management with uterine
artery embolization.”® The use of methotrexate was linked
to a maternal death in the largest case series’* and therefore
the use of methotrexate is not recommended by any inter-
national consensus guideline and should be actively dis-
couraged. Postoperative antibiotic therapy is usually
prescribed to minimize the risk of infection. Placental
expulsion or resorption usually takes from 4 weeks (expul-
sion) to 9—12 months (reabsorption), with a median of 13.5
weeks. The success rate is reported to be 78%. Severe
maternal complications have been reported in as many as
6% of the women, including sepsis, uterine necrosis, post-
partum uterine rupture, fistula, acute pulmonary edema,
renal failure, venous-thromboembolism, and maternal
death.””

Subsequent pregnancies have been reported in the 89%
of women attempting to become pregnant, with a risk of
recurrence of PAS of the 29%.”" Overall, these data sug-
gest that leaving the placenta in situ may be a promising
option for women who desire to preserve their fertility.
However, when opting for conservative management,
adjuvant therapy should be avoided and women must be
appropriately counseled about the risks, and the need for
potentially lengthy follow-up in centers with expertise.

Local surgical resection, namely the removal of the
areas of the myometrium where the placenta is abnormally
attached, has been proposed as a conservative technique
for the management of PAS. Many different surgical tech-
niques have been described by many authors, making
interpretation of the available evidence difficult.>* ">
However, in appropriately selected cases with no placental
invasion into the uterine cervix and/or parametrium, local
resection is a reasonable option and may reduce blood loss
and improve maternal morbidity compared to hysterect-
omy. The IS-AIP expert consensus defined an “appropriate
case” for local resection a case with focal disease, with an
adherent/invasive area which is <50% of the anterior sur-
face of the uterus. Further studies are needed to identify
the subgroup of women which will most benefit from this

management strategy.

Intra-Partum Adjuvant Measures to

Improve Maternal and Fetal Outcome
Ureteric Stents and Cystoscopy

Ureteric stents may be beneficial in preventing ureteric
injury and early morbidity, however, the evidence is not
strong enough to recommend routine placement of ureteric
stents for all suspected cases of PAS.>%®® Therefore, pla-
cement of ureteric stents should be limited to cases where
hysterectomy is anticipated to be highly complex. Routine
preoperative cystoscopy is not recommended, as it was not
demonstrated to improve maternal outcomes. If preopera-
tive cystoscopy is performed for insertion of ureteric
stents, the appearance of the bladder should not change
the planned management based on the prenatal imaging.>°

Prophylactic Endovascular Balloon Catheters
Endovascular balloon occlusion of the pelvic vessels has
been proposed as a method to reduce intraoperative blood
loss, in order to improve maternal outcome related to
hemorrhage and to allow the surgeon to operate in
a cleaner field with improved visibility.

However, PAS 1is associated with extensive aberrant
neovascularization, and in such cases, occlusion of some
of the pelvic vessels might lead to increased blood loss
from the collateral vessels. In addition to this, endovascu-
lar balloon occlusion has been associated with significant
maternal morbidity, mainly related to vessel rupture and
thromboembolism. Two small randomized controlled trials
found no differences in the number of packed RBC units
transfused in women with antenatally suspected PAS who
underwent placement of balloon catheters into the iliac
arteries compared to those who did not.”>"° Larger studies
are needed to truly demonstrate both the safety and effi-
cacy of prophylactic balloon occlusion. Therefore, the
routine use of prophylactic pelvic arterial balloon catheters
for women with PAS suspected antenatally is not currently

recommended from many international societies.*®->%>%57

Intraoperative Measures to Treat

Life-Threatening Hemorrhage

Several operators recommend different strategies for the
management of massive intraoperative bleeding in women
with PAS. The surgical treatments proposed include inter-
nal iliac artery ligation, uterine devascularization, uterine
compression sutures, uterine balloon tamponade, and pel-
vic tamponade. There are no randomized controlled trials
comparing the effectiveness of different strategies in
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controlling maternal blood loss at delivery. Therefore, the
procedure of choice will have to be chosen according to
operator experience and resources available. A reasonable
approach suggests that the simplest techniques with the
lowest rate of complications should be performed first.>
In the case of massive bleeding occurring after placenta
removal, the first-line measure should be the intrauterine
tamponade (eg, balloon tamponade). If this measure is not
effective, or the placenta remains in situ, an additional
useful measure is uterine devascularization, with or with-
out uterine compressive sutures. The last measure to be
tried is the ligation of the internal iliac artery, as this
procedure is associated with the highest risk of post-
operative complications. When the woman is unstable or
the bleeding is life threatening, the surgical team should
focus on the source of the blood loss. In most cases this
will be found in the placental bed. In such cases an
emergency hysterectomy should be performed rapidly.
Compression of the common iliac arteries or aorta has
been reported as a temporary measure to gain time to
temporarily stop the bleeding and to quickly complete
the definitive treatment.”

Conclusion

PAS is a potentially life-threatening condition. Given the
increasing rates of cesarean section worldwide, the incidence
of PAS will be likely to increase further over time. Therefore,
clinicians should be aware of the difficulties related with the
diagnosis and the challenges associated with the manage-
ment of this condition. Future research should focus on the
collection of data for prospective studies on the diagnosis and
management of PAS providing correlation between prenatal
imaging, clinical grading of PAS at the time of delivery, and
histopathology. This is of paramount importance to provide
the best screening, diagnosis, and management options to
women affected by PAS disorders.
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