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Chapter 1
History of Placenta Accreta Spectrum

Nashwa Anwar Eltaweel and Ahmed Y. Hefnawy

The placenta accreta spectrum is a broad-spectrum pathology related to the abnor-
mally deeply invading and abnormally adherent placental tissues through the uter-
ine wall. Many theories tried to explain the reason behind the pathology; however, 
the most popular theory is the destruction of the decidual lining either by the previ-
ous caesareans, curettage, infection, IVF, or myomectomy; simply any disruption of 
the endometrial lining can predispose to the deeper implantation of the placenta 
through the underlying myometrial layer. The degree of this adherence to or through 
the myometrium will further classify the severity of the pathology [1].

With the rising rates of caesarean section deliveries, it is believed that it was 
associated with the new emerging pathology “placenta accreta spectrum” despite 
lacking strong evidence to support this theory [2]. By searching the literature, we 
noted that, in 1885, the first suspected pathologically adherent placenta was 
described when Macdonald described a case of a suspected adherent placenta fol-
lowing a prolonged vaginal birth, where some cotyledons were retained intrauterine 
following vaginal delivery; the patient was managed conservatively by opiate for 
pain control and ergot as an ecbolic to enhance uterine activity. The cotyledons were 
retained for days and passed spontaneously as they could not be removed manually; 
however, the patient had postpartum sepsis [3].

In 1927, S Foster, from Montreal hospital in Canada, reported “a case of pla-
centa accreta”. The patient had a vaginal breech delivery for a dead fetus. After 
delivery, he could not deliver the placenta despite a trial of manual removal under 
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general anaesthesia. Due to the repeated attempts to deliver the placenta, suspected 
tearing of placenta tissues occurred and was followed by excessive bleeding need-
ing an emergency hysterectomy [4]. Dr. Foster suggested the rough incidence of 
1  in 8000 cases in his maternity department after performing a 6-year survey in 
Montreal General Hospital. Also, he mentions a similar case reported previously by 
Andrews in 1924: the patient who had a previous history of endometritis and curet-
tage had a vaginal delivery followed by an adherent placenta, which is resistant to 
separation and complicated by severe postpartum haemorrhage bleeding [5]. 
However, Andrews could not find a cleavage plane to separate the placenta, so he 
delivered the placenta in pieces and packed the uterus for 36 hours. However, he 
mentioned that a hysterectomy would have been the safest and more logical man-
agement. In both cases, the obstetricians noted that they could not obtain a cleavage 
line, and on pathology assessment, the absence of decidua was noted. In Andrew’s 
report, he mentioned a previously reported literature review of 22 cases of suspected 
placenta accreta by Dietrich in 1922 [5].

In 1937, Irving and Hertig reported a cohort of 18 cases of placenta accreta, 
where they gave the first description of what is currently known as a morbidly 
adherent placenta. They described it clinically as a partial or total adherence of the 
placenta to the uterine wall and described it histologically as a presumed partial or 
total absence of the decidua basalis [6]. They also included the previously called 
deeper placentation and probable placenta increta and percreta under the general 
title of placenta accreta. They presumed a prevalence of 1 in 1965 cases among the 
population tested in Boston Lying-in Hospital and 1  in 30,000  in the United 
States [7].

The placenta accreta incidence has risen dramatically over the past 50  years, 
from 1 in 4000 deliveries in the 1970s to around 1 in 500 recently. This alarming 
figure was notoriously attributed to the increasing worldwide rate of caesarean sec-
tions [8].

Various terms have been used to describe the placenta accreta spectrum: mor-
bidly adherent placenta, placenta adhesive disorder, abnormally invasive placenta-
tion, abnormally adherent, abnormal placental adherence, and advanced invasive 
placentation and abnormal myometrial invasion [9]. That is why a priority came for 
a standard universal terminology of the placenta accreta spectrum for the overall 
pathology like an umbrella with definite subtypes underneath for better determina-
tion of the extent of the disease and easier description of the pathology for the com-
munication between the physicians [10].

Lukes et  al. in 1966 presented a theory that a different nomination structure 
should be used. They recommended using placenta accreta vera if the decidua is 
absent but the villi did not penetrate through the myometrium, use placenta accreta 
if it invades the myometrium, and use percreta if it invades the serosa. Also, they 
advised adding the description of partial or total to describe the extent of the pathol-
ogy [11]. The normal placental tissues are invasive tissues, so adding the title abnor-
mal to the terminology invasive placenta is advisable [12].

Recently, it has been recommended to use the universal terminology of the pla-
centa accreta spectrum and aim for specification of the subtype (accreta, percreta, or 
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increta) [10]. Those three subtypes came from the pathological diagnosis or assess-
ment of the extent of the disease, so accreta means that the placental villi are adher-
ent to the myometrium, increta if it invades the myometrial layer, and percreta when 
the villi invade the serosal layer as well. Following that, many publications report-
ing and reviewing placenta accrete spectrum became available. However, a recom-
mendation for a final joint diagnosis of clinical, radiological, and pathological 
diagnosis should always be achieved [13]. The European Working Group on 
Abnormally Invasive Placenta (EW-AIP) strongly recommended using the general 
title AIP (abnormally invasive placenta) until a final diagnosis is reached following 
histopathological examination [14].
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Chapter 2
Epidemiology of Placenta Accreta 
Spectrum: A Comprehensive Review 
of Current Evidence

Alekhya Chintamani and Boon Lim

 Introduction

Once considered a rare condition, the diagnosis and management of placenta accreta 
spectrum (PAS) is receiving significant attention due to increased prevalence world-
wide [1–3]. If not suspected at time of delivery attempts, manually extracting the 
placenta can lead to major obstetric haemorrhage, peripartum hysterectomy and 
potential complex surgery with resultant morbidity and mortality [4]. The risk is 
particularly high in invasive cases where chorionic villi have invaded into surround-
ing pelvic organs and vasculature [5, 6], frequently leading to early delivery [7–9].

Earlier theories hypothesised that the condition developed due to a primary 
defect in the biological function of the trophoblast leading to excessive invasion of 
placental tissue into the myometrium [10, 11]. Subsequently, the prevailing hypoth-
esis is that the defect lies in the endometrium-myometrium interface, usually due to 
a prior hysterotomy, leading to a failure of normal decidualisation in the corre-
sponding uterine area. This allows for the anchoring chorionic villi to morbidly 
adhere to the myometrium and for further trophoblastic invasion [10].

Increasing incidence of placenta accreta spectrum disorders has been largely 
attributed to increasing caesarean section rates observed worldwide [4]. However, 
other aetiologies such as advanced maternal age and fertility and gynaecological 
procedures have been implicated in its etiopathogenesis. Understanding its 

A. Chintamani 
Department of Obstetrics and Gynaecology, Canberra Health Services,  
Canberra, ACT, Australia 

B. Lim (*) 
Department of Obstetrics and Gynaecology, Canberra Health Services,  
Canberra, ACT, Australia 

Australian National University, Canberra, ACT, Australia
e-mail: Boon.Lim@act.gov.au

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
S. A. Shazly, A. A. Nassr (eds.), Placenta Accreta Spectrum, 
https://doi.org/10.1007/978-3-031-10347-6_2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-10347-6_2&domain=pdf
mailto:Boon.Lim@act.gov.au
https://doi.org/10.1007/978-3-031-10347-6_2


6

prevalence and risk factors allows for earlier diagnosis and planned multidisci-
plinary management which is essential in reducing unexpected complications and 
morbidity.

This chapter will outline the prevalence of placenta accreta spectrum worldwide 
and its increasing trend globally, as well as risk factors contributing to disease 
epidemiology.

 Definition and Terminology

Though descriptions of likely placenta accreta date as far back as the sixteenth cen-
tury, the condition was first formally described in a case series published by Irving 
and Hertig in 1937 [12, 13]. They used a clinical definition of the abnormal adher-
ence of the placenta to the uterine wall, or histologically as the complete or partial 
absence of the decidua basalis. At that time, invasive forms of placenta accreta were 
not encountered in their cohort of patients with the majority having unscarred uteri. 
Luke et  al. [14] subsequently redefined the condition as a group of abnormally 
adherent or invasive placental disorders with subdivisions representing the level of 
placental invasion. These now form the accepted grading of placenta accreta 
(anchoring villi adhering to superficial myometrium), placenta increta (villi pene-
trate the myometrium) and placenta percreta (anchoring villi penetrate through full- 
thickness myometrium and extend into surrounding organs). These conditions are 
now collectively known as placenta accreta spectrum.

Ideally, histopathological definitions would provide a gold standard for diagnosis 
of the condition; however, this is not always possible nor accurate. The degrees of 
invasion may coexist in the same clinical scenario as they may range from being 
focal in one area to extensive invasion in another part of the uterus. Myometrial 
fibres have been found in the basal plates of normal placenta [15], the decidua 
becomes thinner with age and is not uniform [10], and in some cases histopathologi-
cal assessment is unable to be performed. Therefore, clinical diagnosis and descrip-
tion remain the most feasible global definition. This variability has sometimes 
contributed to inaccurate diagnoses. It is known that accurate and consistent antena-
tal diagnosis allows for an improved multidisciplinary approach to management 
with improved maternal and fetal outcomes. International consensus panels have 
convened to discuss terminology, diagnosis and reporting of invasive placental dis-
orders in order to address clinical and histopathological variation in reporting [16, 
17]. The respective Expert Groups devised a consensus approach to the ultrasound 
diagnosis as well as a new detailed grading system based on findings at both lapa-
rotomy and histopathology. Both systems aim to produce uniformity in diagnosis, 
reporting and reproducibility of data in future literature.

Despite these clinical definitions, there remains significant heterogeneity in 
interpretation and classification of abnormal placentation in literature leading to 
variation in reported incidence and prevalence. A number of descriptive terminolo-
gies such as abnormally invasive placenta (AIP) or morbidly adherent placenta 
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(MAP) have also been used to describe this group of conditions. Placenta accreta 
spectrum (PAS) is an umbrella term that recognises the continuum on which many 
adherent placental conditions lie and will be used for the remainder of this chapter.

 Incidence and Increasing Trend Globally

A significant challenge in obtaining epidemiological data on placenta accreta spec-
trum disorders lies in the inconsistencies in terminology and diagnostic criteria 
used. Table 2.1 illustrates the range of reported PAS incidence and significant het-
erogeneity that can be observed across described studies by population studied and 
definitions used.

Incidence from most developed countries in the last decade range from 0.017% 
to 0.106% [3, 9, 18–22].

The majority of studies were performed in single tertiary teaching hospitals. 
Given that many of these hospitals were in major capital cities and were likely refer-
ral centres for high-risk pregnancies, their numbers may not reflect incidence in the 
wider population. Zeng et al. [23] found that up to two thirds of women with PAS 
disorders in their study came from women in rural areas. Bailit et al. [20] conducted 
their study over 25 hospitals across Canada, excluding Quebec, and found a statisti-
cally significant difference in prevalence of PAS amongst them ranging from 0 to 
1:197 births. Furthermore, given that several studies had a large proportion of 
patients that did not have an antenatal diagnosis of PAS (even up to 70% of patients 
in the NOSS study conducted by Thurn et al. [3]), this may reflect an underestimate 
of PAS cases that occur in these outer metropolitan hospitals who were not referred 
to tertiary centres for multidisciplinary care.

A number of countries utilised their own nationwide health database collection 
or adopted the World Health Organization International Classification of Diseases 
(ICD) coding systems to circumvent these limitations. However, the ninth edition of 
ICD did not contain a code for placenta accreta. This was updated in ICD-10 and 
endorsed by the World Health Organization in 1990 and was accepted globally at 
differing times with the United States not implementing ICD-10 until 2015. This 
affected study periods covered and the ability to compare trends over time. 
Mehrabadi et al. [18], for example, only began collecting routine diagnostic infor-
mation on their Canadian population in 2009 and therefore conducted their analysis 
following this time.

Studies utilised a mix of clinical, histopathological and imaging-based diagnosis 
of PAS in reporting the incidence of PAS. Higher incidences of PAS ranging from 
0.137% to 0.636% were reported when broader case definitions were set such as the 
inclusion of placentas that did not separate at or immediately after delivery, as well 
as morbidly adherent placenta [18, 20, 24, 25].

In comparison, when stricter definitions were used, an almost fourfold lower 
incidence of PAS was reported. For example, Higgins et al. [26] defined PAS as an 
abnormally adherent placenta requiring a peripartum hysterectomy and 

2 Epidemiology of Placenta Accreta Spectrum: A Comprehensive Review of Current…
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confirmation by histopathology resulting in an incidence rate of 0.004–0.025% over 
their study period. Thurn et al. [3] defined PAS as an abnormally invasive placenta 
found at caesarean section or vaginal delivery leading to laparotomy and blood 
transfusion, which has an incidence rate of 0.034%.

In addition to variations of clinical definitions, studies reporting histological and 
image-based diagnoses may have overestimated and underestimated incidence of 
PAS in their populations.

For example, Bailit et al. [20] showed that 30% of their PAS cases were managed 
conservatively without hysterectomy. This accounts for a large proportion of unac-
counted PAS cases in studies that used a purely histopathological definition such as 
that conducted by Brennan et al. [27]

Farquhar et  al. [21] conducted an Australasian-based prospective study that 
included cases of PAS diagnosed by antenatal imaging, clinically at time of opera-
tion, and through histopathology. Up to 36% of their case population were diag-
nosed by antenatal imaging, and they noted the possibility of an overestimation of 
cases. Inclusions of image-based diagnoses in incidence calculations may not be 
reproducible in low-income countries that do not have access to appropriate imag-
ing modalities. Although magnetic resonance imaging (MRI) has been demon-
strated to be an excellent imaging modality in the detection of PAS [28], two 
systematic reviews and meta-analyses have found that the diagnostic value of ultra-
sound imaging and MRI in detecting placenta accreta spectrum is similar [29, 30].

Three studies reported exceptionally high rates of PAS ranging from 0.9% to 
1.152%. On further analysis, Gielchinsky et al. [2] used a broad case definition of 
difficult-to-remove placenta and even included cases of retained products of con-
ception post-birth requiring curettage—both of which may have contributed to 
overestimation of PAS incidence in their population. El Gelany et al. [31] conducted 
their study in Egypt and found a PAS rate of 0.91% amongst their cohort. In their 
study population, 82% had greater than or equal to two previous caesarean sections, 
one-third had a previous history of placenta praevia, and 60% had a parity greater 
than or equal to 3—all known risk factors in the development of PAS. Indeed, Egypt 
has been listed in the top five countries worldwide for highest caesarean section 
rates [32]. Likewise, Zeng et al. [23] reported the highest incidence of PAS in their 
national study at 1.152%, though noted 93.7% of women with PAS had a previous 
history of caesarean section. Following the introduction of the universal two-child 
policy in 2015, China saw a marked increase in primary caesarean section rates and 
of women returning for elective repeat caesarean sections.

Though it may not be possible to estimate an accurate global incidence or rise in 
incidence, data from studies showing trends in fixed populations has shown a rise in 
incidence of PAS.

Baldwin et al. [33] found over their 10-year study period that the incidence of 
PAS increased significantly from 20.6 to 26.9 per 10,000 deliveries in their 
Australian population. Likewise, Guleria et al. [34] compared the incidence of PAS 
in their Indian population over two time periods between 2001 and 2010 and found 
a rise in incidence from 0.031% to 0.083%. Zeng et al. [23] noted an increase from 
0.1% in 2007–2008 to 2.1% in 2015–2016 in their Chinese cohort. Higgins et al. 
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[26] also noted a significant rise in incidence from 0.004% in 1975–1979 to 0.025% 
in 2003–2010  in their Irish population—an almost two and a half-fold increase. 
This was consistent with Upson et al.’s [19] study in Ireland who noted a rise from 
0.079% in 2005 to 0.106% in 2010. All five studies attributed this rise to a corre-
sponding rise in national caesarean section rates.

Of note is data lacking from African countries. Global caesarean section rates are 
highest in Latin America and the Caribbean (42.8%) and lowest in sub-Saharan 
Africa (5.0%). A systematic review and random effect metanalysis conducted by 
Cresswell et al. [35] investigating prevalence of placenta praevia worldwide showed 
significant heterogeneity in prevalence reported with geographic region being the 
only statistically significant variable. The highest reported cases were amongst 
Asian studies and the lowest were amongst Sub-Saharan African studies. It would 
be interesting to investigate whether this translates to incidence of PAS globally.

 Morbidity and Mortality

Though comparatively uncommon, PAS remains a major contributor of maternal 
morbidity in the developed world [6, 36, 37]. Maternal mortality rates in the setting 
of known PAS disorders have been reported as high as 7% [38] increasing up to 
30% in the absence of antenatal diagnosis [39]. Despite greater than 35 years of 
ultrasound diagnosis of placenta accreta abnormalities, there remain no global 
screening protocols. The recent international consensus proforma that was devel-
oped for ultrasound reporting in suspected abnormally invasive placenta aims to 
standardise the diagnostic approach [17]. A study conducted in India found that the 
majority of PAS-related cases of maternal mortality were in patients who had not 
had an antenatal diagnosis of PAS. They attributed lack of access to specialist sur-
geons and intensive care units, as well as blood transfusion products, as contributing 
risk factors in mortality [34]. Further studies in high-income countries revealed that 
up to half of all PAS disorders remain undiagnosed prenatally [3, 20]. Antenatal 
detection and multidisciplinary team management allows for planned delivery and 
has been shown to reduce maternal peripartum haemorrhage and morbidity [40, 41].

 Risk Factors

Major risk factors for placenta accreta spectrum include the following:

• Previous caesarean delivery.
• Placenta praevia, especially with a history of previous caesarean section.
• Uterine surgery, including endometrial curettage, manual removal of placenta.
• Advanced maternal age.
• Assisted reproductive techniques, particularly in vitro fertilisation.
• History of placenta accreta spectrum in a previous pregnancy.
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 Caesarean Section

There is strong epidemiological evidence linking the global rise in caesarean sec-
tion rates and incidence of PAS [3, 26, 42–45]. Caesarean sections were introduced 
in modern obstetric practice at the end of the nineteenth century and were rarely 
performed before the 1920s [46]. The advent of antibiotics and improved anaes-
thetic and surgical techniques reduced the morbidity and mortality associated with 
caesarean sections [46]. In their 1937 study, Irving and Hertig had only 1 out of 18 
cases with a history of previous caesarean section, and they estimated the incidence 
of placenta accreta to be 1 in 30,000 deliveries [13]. The last 25 years has seen a 
marked increase in the rates of caesarean section worldwide with the highest rates 
seen in Latin America and the Caribbean (42.8%) and eastern Asia (33.7%) [32]. 
This increase has been paralleled with an almost linear increase in the rates of PAS 
detected worldwide [3, 26, 42, 43, 45]. Table 2.2 illustrates the changes in caesarean 
delivery rates and placenta accreta spectrum disorders over time. The change in PAS 
disorders often lag behind an increase in caesarean section rates by 1 to 2 
decades [47].

The proposed pathogenic process is surgical damage that leads to an interruption 
in the endometrium and smooth muscle layers of the myometrium. This results 
in local hypoxia, and unlike epithelial layers of the endometrium and uterine perito-
neum that heal by regeneration, the myometrium heals through formation of colla-
gen and other connective tissues [48]. This results in increased blastocyst attachment 
to the scar as well as increased trophoblastic invasion [49]. Indeed, uterine scar 
defects have been found to be present on ultrasound in 20–65% of women with 
previous caesarean sections [50].

A direct association between the increase in PAS and the increase in caesarean 
deliveries is reported in epidemiological studies. Silver et al. [42] demonstrated the 
link between the number of caesarean sections and the risk of PAS, placenta praevia 
and hysterectomy (Table 2.3). The Nordic Obstetric Surveillance Study found that 
the risk of invasive placentation increases sevenfold after one prior caesarean sect. 
[7] and a summary odds ratio (OR) of 1.96 (95% CI 1.41–2.74) for placenta accreta 
spectrum after a caesarean section in a meta-analysis of 5 cohorts and 11 case- 
control studies. Stratification for the number of previous caesarean sections showed 
the OR for placenta accreta spectrum in a subsequent pregnancy ranging between 
8.6 (95% CI 3.536–21.078) [37] and 17.4 (95% CI 9.0–31.4) for two previous cae-
sarean sections and 55.9 (95% CI 25.0–110.3) for three or more caesarean sections 
[51]. With this knowledge in mind, women should be counselled that a higher num-
ber of caesarean deliveries are associated with a higher chance of PAS.

Studies are now investigating modifiable risk factors with caesarean section tech-
nique. A study conducted in Japan found a higher rate of PAS when a prior hyster-
otomy was closed with continuous rather than interrupted sutures [52]. One study 
found a higher risk of placenta accreta in a subsequent pregnancy when a woman 
had a prior history of primary caesarean delivery without labour compared to after 
onset of labour [53], whilst another found an inverse relationship between 
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Table 2.2 Changes in cesarean delivery rate and placenta accreta spectrum (PAS) disorder 
prevalence over time

Author
Type of 
study

Country 
of origin

Cesarean 
delivery rate 
period A 
(years)

Cesarean 
delivery rate 
period B 
(years)

PAS disorders 
period A 
(years)

PAS disorders 
period B 
(years)

Wu et al. 
[15] 
(2005)a

Matched 
case- 
control 
study

USA 12.5% 
(1982)

23.5% 
(2002)

0.38 per 1000 
births (1982)

1.88 per 1000 
births (2002)

Higgins 
et al. [20] 
(2013)b

Cohort 
study

Ireland 4.1% (1975) 20.7% 
(2010)

1.65 per 1000 
births after 
prior cesarean 
(2003)

2.37 per 1000 
births after 
prior cesarean 
(2010)

Morlando 
et al. [18] 
(2013)c

Cohort 
study

Italy 17% 
(1970s)

64% 
(2000s)

1.20 per 1000 
births after 
prior cesarean 
(1976–1978)

3.11 per 1000 
births after 
prior cesarean 
(2000s)

Cheng and 
Lee [24] 
(2015)d

Cohort 
study

Hong 
Kong

19.5% 
(1999–
2003)

27.1% 
(2009–
2013)

0.17 per 1000 
births after 
prior cesarean 
(1999–2003)

0.79 per 1000 
births after 
prior cesarean 
(2009–2013)

Ref: Jauniaux E, Chantraine F, Silver RM, Langhoff-Roos J, Diagnosis FPA, Management Expert 
Consensus P. FIGO consensus guidelines on placenta accreta spectrum disorders: Epidemiology. 
Int J Gynaecol Obstet. 2018;140(3):265–73
aTotal prevalence 0.19% (121 cases of PAS disorders out of 64,359 deliveries during the 
study period)
bTotal prevalence 0.01% (36 cases of PAS disorders out of 275,121 deliveries during the 
study period)
cTotal prevalence 0.16% (50 cases of PAS disorders out of 30,491 deliveries during the study period)
dTotal prevalence 0.05% (39 cases of PAS disorders out of 81,497 deliveries during the study period)

Table 2.3 Association between number of caesarean sections and risk of placenta accreta, placenta 
praevia and hysterectomy

Number of 
previous caesarean 
section(s)

Number of 
women

Number of women 
with placenta 
accreta

Chance of placenta 
accreta if placenta 
praevia

Number of 
hysterectomies

0 6201 15(0.24%) 3% 40 (0.65%)
1 15,808 49 (0.31%) 11% 67 (0.42%)
2 6324 36 (0.57%) 40% 57 (0.9%)
3 1452 31 (2.13%) 61% 35 (2.4%)
4 258 6 (2.33%) 67% 9 (3.49%)
5 89 6 (6.74%) 67% 8 (8.99%)

Reference: Silver RM, Landon MB, Sorokin Y, Miodovnik M, Carpenter M, Peaceman AM, et al. 
Maternal morbidity associated with multiple repeat cesarean deliveries. Obstetrics and gynecology 
(New York 1953). 2006;107(6):1226–32
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interpregnancy interval and development of PAS [54]. Though there is low level 
evidence to support these associations, they provide an avenue for further research 
into the impact surgical technique may have.

Comparatively fewer large-scale studies have focused on non-previa- and non- 
caesarean section-related risk factors in the incidence of PAS.

 Placenta Praevia

Placenta praevia is one of the most predictive risk factors in the development of PAS 
and at one stage was considered necessary in its diagnosis [51, 55]. A systematic 
review reported an increase in the incidence of PAS of 3.3–4.0% in women with 
placenta praevia and no previous caesarean delivery [42]. The risk of developing 
placenta praevia following caesarean section has been well demonstrated, increas-
ing up to 50% following a single caesarean section and up to two-folds higher com-
pared with women who have had two previous vaginal deliveries [56]. The 
combination of placenta praevia and previous caesarean section confers the highest 
risk group in the development of PAS [12, 18, 42, 49]. Incidence of placenta accreta 
in these patients with placenta praevia have been noted as high as 1/9 [51] to 1/16 
[57]. The UK case-control study using the UK Obstetric Surveillance System found 
that the incidence of placenta accreta spectrum increases from 1.7 per 10,000 
women overall to 577 per 10,000 in women with both a previous caesarean section 
and placenta praevia, respectively [9]. A large multicentre cohort study conducted 
in the USA demonstrated an increased risk of accreta in women with placenta prae-
via with each subsequent caesarean section. This suggests that there may be tropism 
of the blastocyst for the uterine scar tissue [49]; hence, clinicians should have 
increased suspicion in these patients.

 Advanced Maternal Age

Advanced maternal age has been linked with a higher risk of maternal morbidity 
and adverse perinatal outcomes as well as placenta accreta [19, 21, 23, 58, 59]. 
Usually defined as 35 years or older, this association is a relevant modern-day risk 
factor with a rise in delayed childbearing noted in developed countries [59–62]. 
This association may represent an altered hormonal or implantation environment 
leading to increased rates of PAS [49]. However, it is also important to note there 
may be confounding factors such as increasing parity, greater history of prior gyn-
aecological procedures, increased rates of placenta praevia and an accumulation of 
environmental and behavioural risk factors that play a role in incidence of PAS in 
these populations [63, 64]. The role of advanced maternal age in abnormal placenta-
tion should be considered when providing reproductive counselling.
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 Assisted Reproductive Technologies

As women choose to delay pregnancy, utilisation of assisted reproductive technolo-
gies (ART) to assist with fertility has increased. Approximately 1.9% of all births in 
the USA are conceived using ART and this rate is increasing [65]. The link between 
ART and PAS was first discovered in 2011 [66], and since then several studies have 
reconfirmed this association [25, 66–68]. Within the field of IVF, cryopreserved 
embryo transfer during hormone replacement cycle has shown the strongest asso-
ciation in the development of placenta accreta when compared to fresh embryo 
transfer, spontaneous pregnancies and natural cycle transfers [68, 69]. Theories on 
its etiopathogenesis include altered endometrial receptivity, defective trophoblastic 
invasion, and the need for a thin endometrium prior to transfer [70]. It is important 
to consider the overlap between maternal factors that contribute to infertility and 
risk factors for PAS such as advanced maternal age and previous uterine surgery. 
However, even after controlling for known risk factors, IVF has been shown to be 
an independent risk factor [69, 71].

 Previous Gynaecological History

Whilst a history of caesarean delivery is a significant risk factor, other causes of surgi-
cal trauma to the integrity of the uterine endometrium and/or superficial myometrium, 
such as those following uterine curettage, manual removal of the placenta, postpartum 
endometritis or myomectomy, have been inconsistently associated with PAS in subse-
quent pregnancies. The UKOSS study showed that the adjusted odds ratio for pla-
centa accreta spectrum after previous uterine surgery is 3.40 (95% CI 1.30–8.91) [9]. 
The development of placenta accreta spectrum has also been reported in women with 
no surgical history but presenting with some form of uterine pathology, such as a 
bicornuate uterus, adenomyosis, submucous fibroids and myotonic dystrophy [72].

 Previous Obstetric History

A history of prior placenta accreta or adherent placenta presents as an increasingly 
encountered modern-day risk factor. Conservative management to preserve fertility 
and reduce morbidity associated with peripartum hysterectomy has garnered inter-
est in literature with studies looking into obstetric outcomes in subsequent pregnan-
cies. Baldwin et  al. [73] found a PAS recurrence rate of 38/689 (5.5%, 95% CI 
3.9–7.5%) compared with their population prevalence of 25.5/10000. This was con-
sistent with Gielchinsky et al. [2] and Sentilhes et al. [74] who both found higher 
risks of PAS in subsequent deliveries. The current hypothesis attributes conservative 
management with worsening endometrial disease through further surgical interven-
tion or risks of infection [74]. In fact, moderate to severe quantities of synechiae 

A. Chintamani and B. Lim



17

have been observed in women with a history of PAS and may be the contributing 
factor in its subsequent development [74, 75].

 Management

Management options are dependent on the availability of different diagnostic and 
supportive modalities. There is a significant geographic variability in the approach 
to the management of PAS which vary from expectant management, use of metho-
trexate, uterine sparing procedures, hysterectomy and interventional radiology. The 
Global Placenta Accreta Spectrum Survey (GPASS) study was based on responses 
from 136 centres around the world that manage PAS. Although geographic varia-
tions in management approaches are noted worldwide, there is an overwhelming 
consistency of strong adherence to many existing PAS care guidelines, with some 
local practices demonstrating clear deviations. There is a need for further research 
into diagnostic and management approaches to ensure an evidence-based approach 
to definitions and management strategies [76].

 Conclusion

There remain remarkable variations in the definition and approaches to diagnosis 
and management of PAS across the world. This makes it challenging to establish the 
true incidence of the condition. However, what is clear is that modern obstetric 
practice and lifestyle changes such as delayed conception, rising maternal age, 
assisted reproductive techniques and rising rates of caesarean deliveries are impor-
tant contributory factors. With these factors in mind, there should be heightened 
awareness and index of suspicion, especially when a woman presents with a past 
history of a caesarean section, placenta praevia or uterine surgery. Antenatal detec-
tion and timely diagnosis of abnormal placentation are vital in reducing unexpected 
morbidity. It allows for patient counselling, multidisciplinary approach and preop-
erative scheduling [64, 77, 78], factors which are vital for improved maternal and 
fetal outcomes.
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Chapter 3
Pathogenesis of Placenta Accreta Spectrum

Erbil Karaman, Deniz Dirik, and Onur Karaaslan

Placenta accreta spectrum (PAS) is a placental abnormality that can cause severe 
maternal morbidity and mortality. PAS is abnormally invasive placental implanta-
tion due to decidua basalis defect. Abnormal adhesion of placenta to myometrium 
occurs through invasion of the myometrium by chorionic villi. Abnormal placental 
implantation or placental invasion is a potentially life-threatening complication in 
the third stage of delivery. It is primarily characterized by absence of decidua. Thus, 
chorionic villi are directly attached to myometrial fibers. Based on myometrial inva-
sion depth of placental villi, PAS is classified into three categories, namely, placenta 
accreta, placenta increta, and placenta percreta. It is defined as placenta accreta if 
placental villi are localized adjacent to myometrium fibers in the absence of decidua, 
as placenta increta if placental villi invaded myometrium, and as placenta percreta 
if placenta invaded all layers of myometrium, uterine serosa, and even adjacent 
organs [1].

The placenta accreta is the mildest form among the three pathological conditions 
in which chorionic villi penetrate decidua. The placenta percreta is the most severe 
placental implantation anomaly and associated with serious maternal morbidity [2]. 
The abnormal adhesion may involve all cotyledons or a few cotyledons. Whole 
cotyledon or a part of single cotyledon may show adhesion. Clinically, abnormal 
placental invasions are termed as PAS in general since invasion could not be catego-
rized clearly and villi can be at various invasion depths in same placental bed [3]. 
The diagnosis of PAS is made by histopathological examination. The 
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histopathological diagnosis could not be established by placenta alone, and whole 
uterus or myometrial curettage may be needed for confirmation [4].

PAS has a wide clinical spectrum ranging from subclinical adhesion of myome-
trial fibers to placental basal layer to drastic clinical presentation of placenta per-
creta. Invasion depth of placental villi is the most important feature that determines 
severity of clinical presentation [1].

The mechanism leading to abnormal placentation is unclear although several risk 
factors have been established for PAS.  Among mammalians, human placenta is 
almost disparate due to high invasiveness and complete embedment of conceptus 
into uterine decidua and endometrium [5]. In a healthy pregnancy, chorionic villi 
are implanted to spongious layer of decidua between gestational weeks 9 and 12. At 
proximal to placental basal layer, there is a cleavage line corresponding to demarca-
tion line where chorion consisting of extracellular or fibrin material is separated 
from decidua. Interstitial trophoblasts invade myometrial tissue, while endovascular 
trophoblasts ensure remodeling of maternal spiral arteries, resulting in invasion of 
uterine wall by two groups of extravillous cytotrophoblasts [6]. As a result of such 
setup, placenta can separate from the cleavage line after delivery by myometrial 
contractions. This contributes postpartum hemostasis.

During implantation, cytotrophoblasts comprise branching villi and penetrate 
decidualized maternal stroma. These cells are nonproliferative and generally termed 
as extravillous trophoblast (EVT). The EVTs primarily transform into interstitial 
EVTs and endovascular EVTs, which advance to innermost layers of myometrium 
[5]. The outermost layer of myometrium is transformed into spiral arteries and 
includes basal arteries surrounding uterine glands [7]. The EVTs first appear around 
and within spiral arteries at placental area. These cells advance laterally and reach 
periphery of placenta. Invasion progressively advances toward periphery, while 
depth alterations are at maximum level in the central zone of placental bed [5]. In 
addition, human placenta is characterized by remodeling of spiral and basal arteries 
which occurs by loss of elastic lamina of vessels and response to several vasoactive 
compounds [7]. Both endovascular and interstitial EVT invasions are associated 
with physiological change of terminal part of uterine blood circulation. Thus, these 
cells play an important role in placentation by linking primitive placenta to uterus 
and modulating vascular changes in placental development. Total or partial loss of 
decidua is histological characteristic of PAS and can be clearly seen in implantation 
to uterine scar area [4]. In these cases, decidua is generally replaced by loose con-
nective tissue, and placental villi are separated from myometrium fibers by a thin 
and irregular layer, namely, Nitabuch tissue, which may be absent in most cases. 
There may be local thinning in myometrium. Myometrium fibers may show degen-
erative changes with increased deposits of fibrous tissues and inflammatory cell 
infiltration; however, invasive villi are general normal in morphological manner [4]. 
The mechanism underlying abnormal implantation is inability to deep penetration 
of trophoblasts from defective decidua basalis in scarred inferior uterine segment. 
The major risk factors identified for PAS are placenta previa and previous history of 
cesarean section (C/S). The risk is increased by increasing number of previous 
C/S.  Other risk factors include myometrial trauma, dilatation and curettage, 
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maternal age, smoking, grand-multiparity, and recurrent fetal losses [2]. 
Theoretically, additional predisposing factors causing PAS such as endometritis, 
manual placenta removal, and other uterine anomalies can be associated with under-
developed decidua. In all cases, normal superficial line over decidua basalis is dis-
rupted, and complete placental removal does not occur after delivery.

A number of theories have been proposed to explain abnormal placentation in 
PAS. Former hypothesis was over-invasion to myometrium due to primary defect in 
trophoblast function [4]. Another hypothesis is that decidua basalis defect resulting 
from impaired normal decidualization at uterine scar area leads to abnormal depth 
of trophoblast invasion [4]. Some authors also proposed that local hypoxia second-
ary to abnormal vascularization during postoperative scarring process leads to both 
impaired decidualization and excessive trophoblast invasion [8]. It is known that 
there is history of cesarean section, curettage, and/or myomectomy in 80% of 
patients with PAS [4]. The increasing incidence of placenta previa due to previous 
C/S procedures supports scar formation at lower uterine segment and biological 
dysfunction of endometrium [1, 9–11]. Abnormal placentation may occur in local-
ized defective areas resulting from interventions in uterine cavity such as cesarean, 
uterine curettage, and myomectomy, which may lead to placental invasion anomaly. 
However, in rare instances, uterine abnormalities such as bicornuate uterus, adeno-
myosis, or submucosal fibroids can be associated with microscopic endometrial 
defects by impairing normal endometrial functions, allowing abnormal placental 
implantation [12]. This may explain PAS rarely seen in primigravida women with 
no history of uterine surgery.

In a healthy pregnancy, primary invasive trophoblastic cell type in mononuclear 
cells forms multinucleated giant cells with low invasion potential. The giant cells 
are known as terminal step in the differentiation of extravillous trophoblasts. Smaller 
number of giant cells is seen in placental area of myometrium in specimens obtained 
from cases with PAS. This suggests that there is an abnormality in trophoblast itself 
or other regulatory factors. In addition, myometrial spiral arterioles with tropho-
blastic giant cell infiltration were seen in almost one-half of PAS cases, while such 
changes were seen in only 20% of patients with normal implantation [1, 13].

In PAS, EVTs localized at maternoplacental distance differ from giant syncytio-
trophoblasts in normal placenta [14]. In particular, it was found that many EVTs 
showed cytotrophoblastic differences in pathology studies. The differences are gen-
erally hypertrophic and appear as thickening in implantation area by an increasing 
number. In addition to the increasing numbers of PAS, association of EVT with it is 
more common [14]. However, there is no difference in proliferative index apoptosis 
rate of trophoblastic cells localized in the middle of implantation area between nor-
mal implanted placenta and PAS [14].

It is known that endometrial glands are vital for fetal nutrition from implantation 
to intervillous circulation [15, 16]. The development of human fetoplacental unit 
occurs in a medium with low oxygen content via histiotrophic nutrition (at cellular 
level) from endometrial glands during most time in the first trimester. Through the 
end of the first trimester, intrauterine environment shows a radical change by the 
start of maternal arterial intervillous circulation and transition to hemotrophic 
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nutrition [16, 17]. By elevation in intraplacental oxygen concentration, widespread 
villous remodeling is started in placental tissues [18]. The implantation relies on 
relationship between transformed endometrial cells and trophectoderm of blasto-
cyst. It was shown that many regulatory molecules are involved in normal decidual-
ization, control of trophoblastic adhesion, invasion, and governing penetration [19]. 
In general, it is known that there is a need for vascular endothelial growth factor 
(VEGF), placental growth factor (PIGF), and soluble Flt-1 (sFlt-1) release as well 
as equilibrium between these substances and oxygenation that regulates their release 
[20, 21]. Hypoxia triggers EVT proliferation and VEGF and mRNA expression, 
while normal oxygen has inhibitory effect. Interstitial EVT proteases degrade extra-
cellular matrix and induce cell migration. Decidua prevents excessive spread of 
EVTS via tissue inhibitors such as matrix metalloproteinases and activity of many 
coagulation proteases [22]. In PAS, syncytiotrophoblast VEGF and epidermal 
growth factor receptor (EGFR) expressions are increased; it is known that PAS 
develops due to abnormal expression growth-, angiogenesis-, and invasion-related 
factors in trophoblastic population [23]. It was reported that lower maternal level of 
free VEGF is effective in transforming interstitial EVTS into metastatic phenotype 
in placenta previa, leading to excessive myometrial invasion of EVTs [8]. It was 
shown that the number of multinucleated giant cells was decreased in the decidua 
basalis of women with placenta previa or placenta accreta [8]. Syncytial fusion to 
multinucleated giant cells is another mechanism in the absence of invasion pheno-
type in EVTS. It is thought that VEGF released from multinucleated giant cells is 
one of the signals that coordinate and promote vascularization in decidua and pla-
centa during placental implantation [16]. These findings support that VEGF play an 
important role in pathological programming of EVT motility and invasiveness [8].

In fallopian tubes, early placental development and placentation are similar to 
those occurring in uterus. Tubal placentation is generally membranous due to insuf-
ficient blood flow. The most common histological finding related to tubal pregnancy 
is chronic change of tubal endoepithelium. The role of chronic change in tubal 
implantation is similar to mechanism underlying implantation to C/S scar at lower 
uterine segment and subsequent placenta previa [16, 24]. None of trophoblastic 
changes seen in PAS was observed following tubal implantation, indicating that 
tubal process is less dependent to trophoblastic tissue function. In addition, it also 
supports that morphological changes seen in PAS EVTs are environmental and 
result of prolonged interaction between highly vascularized profound endometrium 
and EVTS. It was shown that complete loss of myometrium together with defective 
uterine scar can lead placenta percreta which may lead uterine rupture in the first 
half of gestation [25]. Although this is a rare complication, mechanism underlying 
placenta percreta-related uterine rupture is similar to tubal rupture in ectopic pla-
centation. These findings emphasize the role of superficial endometrium in the mod-
ulation of uterine placentation. Superficial endometrium is important in dysfunctional 
decidualization secondary to excessive trophoblastic invasion. The leukocyte 
recruitment into endometrium during secretory phase following C/S supports the 
assumption that abnormal decidualization and trophoblastic changes in placental 
bed are secondary to uterine scar in PAS [26]. A human embryo develops in a 
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relatively hypoxic environment and data from in vitro studies showed that oxygen-
ation regulates placental development by deciding whether cytotrophoblasts will 
proliferate or invade [21]. Embryos may prefer to implant in uterine scar regions 
due to less vascularization and lower oxygen pressure.
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Chapter 4
Anatomy of Placenta Accreta Spectrum

José M. Palacios-Jaraquemada, Nicolás Basanta, Álbaro Nieto-Calvache, 
and Rozi Aditya Aryananda

 General Overview

Placenta accreta spectrum (PAS) is a challenging disease, closely associated with 
the increased number of cesarean sections worldwide [1]. In approximately 80% of 
the cases, PAS is about the posterior upper bladder. Still, the vascular anatomy and 
access could change for other locations, which implies advanced management of 
vascular anatomy and the pelvic fascia [2], due to the development of the newly 
formed vessels and a different degree of organ adhesion. In addition, prenatal stud-
ies habitually provide critical information to plan a surgery, but multiple biases [3] 
could affect studies. Consequently, not all prenatal evaluation is enough to know all 
invasion features.

Therefore, surgical staging is needed to manage all possible complications. 
During exploration, atraumatic maneuvers are essential. For this reason, knowledge 
of coalescence fascia [4] and pelvis spaces is strongly recommendable. Some inva-
sion areas are highly complex by an affluent anastomotic net; by the proximity of 
vascular elements, narrow or deep access; or by a combination of all of these [5]. 
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The spatial location of components is essential to create a 3D conceptual represen-
tation before access [6]. Pelvic fascia management is not always part of the formal 
training of OBGYN; therefore, probably the best way to acquire skill managing [7] 
is guided teaching in unembalmed corpses.

 Pelvic Spaces or Areas

Pelvic spaces are specific zones enclosed by two independent fasciae and filled with 
areolar connective tissue [8]. These areas could be exposed by dividing two inde-
pendent fasciae along their cleavage plane, avascular and filled with fat or loose 
areolar connective tissues. This fact allows dissecting sheets and identifying ele-
ments without bleeding [9]. In addition, the wide opening of the pelvic para spaces 
allows the accurate identification and mobilization of structures. The anatomic dem-
onstration is that pelvic spaces provide optimal conditions for conservative or resec-
tive procedures (Fig. 4.1).

 Vesicouterine Space (VUS)

This space is handled for cesarean section, cesarean hysterectomy, or laparoscopic, 
robotic, or open laparotomy in obstetrics and gynecologic procedures [10]. The 
opening of the vesicovaginal space exposes the lower segment, the cervix, and the 
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upper vagina. The vesicouterine pouch bends the peritoneum over the uterus and 
the bladder, creating a recess nearer to the anterior vaginal fornix. The vesicouter-
ine sac is attached to the uterus, preventing the falling of the bladder beyond the 
uterus. In patients with prior cesarean deliveries, it is possible to see adhesions in 
this space, increasing the risk of bladder injury [11]. Dissection of the vesicouterine 
space [12] is particularly useful to perform a ligature of newly formed vessels in 
PAS (Fig. 4.2).

 Paracervical Space

A parallel and lateral space adjacent to the cervix and the bladder could be created by 
blunt dissection of the anterior leaf of the broad ligament [13]. This medial and infe-
rior dissection lateral to the cervix is best to avoid injury to adjacent structures in the 
pelvic sidewall and allows identifying the vesicovaginal and vesicocervical ligament. 
This space allows for the lateral and inferior displacement of the ureter; maneuvers 
may diminish ureter injury by pushing it away by dissection planes during resective 
procedures, like the hysterectomy. Continued traction is maintained by keeping the 
medial aspect of the anterior leaf of the broad ligament intact [8]. The inverse vesico-
uterine fold dissection can be performed from this space. The vesicovaginal and vesi-
cocervical area is developed from an unscarred plane [14]. This will safely separate 
the lowest portion of the bladder from the vagina, cervix, and uterus. Like the tech-
nique performed during a vaginal hysterectomy, this inverse motion of developing the 
bladder flap avoids erroneous and blind dissection through the vesicouterine 
adhesions.

Fig. 4.2 Vesicouterine 
space (intraoperative). The 
vesicouterine space was 
wide open, and the needle 
ligates the colpouterine 
vessels, which runs inside 
of muscular vaginal layer. 
VA, vagina

4 Anatomy of Placenta Accreta Spectrum



32

 Prevesical Space

The Retzius or prevesical space [15] is located between the pubis and the bladder, 
and it is filled by fat tissue (Fig. 4.3). It has complex communications with the adja-
cent pelvic extraperitoneal areas, rectus sheath, and retroperitoneum.

Several blood vessels are situated below pubis symphysis and laterally in the 
paravaginal space. There is an extensive plexus of veins, well-known as Santorini, 
and surgeons must be aware of their location [16]. The Santorini veins drain into the 
internal iliac vein. The dorsal vein of the clitoris runs caudally to the pubic symphy-
sis and empties into the plexus of Santorini. The Retzius space is rarely affected in 
PAS. Still, sometimes, anterior invasion is attached to the anterior abdominal wall 
[17], and dissection of prevesical space is an excellent point to start a dissection to 
separate tissues from the rectus sheet. Notice that during anterior rectus muscle 
involvement, it needed to control the upper and the lower vascular pedicle (internal 
mammary artery and epigastric artery).

 Paravesical Space

The paravesical space is covered by the peritoneum of the anterior leaf of the broad 
ligament (Fig. 4.3). Its floor is the iliococcygeus muscle and pubocervical fascia 
inserted into the arcus tendineus fascia pelvis [18]. The paravesical spaces lateral to 
the bladder communicate via the retropubic area in front of the bladder [18]. 
Paravesical space contains the umbilical artery, superior vesical artery, the obturator 
neurovascular bundle, lymphatic tissue, and some anastomotic vessels like the anas-
tomosis between the obturator and epigastric artery—corona mortis [19]. The oblit-
erated umbilical artery and prevesical umbilical fascia divide this space into lateral 
paravesical and medial paravesical space [20].

Fig. 4.3 Unembalmed 
corpse: superior viewing of 
the Retzius and paravesical 
space with the ureter
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Fig. 4.4 Unembalmed 
corpse: right viewing of 
the pararectal space and 
the iliac vessels. The 
posterior peritoneum was 
opened 2 cm inside of the 
infundibulopelvic 
ligament. OV ovary, UR 
ureter, EIA external iliac 
artery, EIV external iliac 
vein, IIA, internal iliac 
artery

 Pararectal Space

The pararectal space is in the posterior leaf of the broad ligament when the perito-
neum is incised lateral to the infundibulopelvic ligament; the ureter is the first struc-
ture that appears after a minor dissection [21]. The ureter, or according to others, the 
hypogastric nerve, divides the pararectal space [8] into medial (Okabayashi’s area) 
and lateral (Latzko’s area) pararectal spaces (Fig. 4.4).

 Parametrial Space

The parametrial space is located between the leaves of the broad ligament [22]. It is 
formed by the fibrous and fatty connective tissue that surrounds the uterus. It is 
bordered laterally by the internal iliac vessels, medially by the uterus, superiorly by 
the peritoneum, and inferiorly by the ureter [23]. This tissue contains the uterine 
artery and the superficial uterine vein (Fig. 4.5). Its access is invaluable to identify 
and characterize a placenta invasion of the parametrium. The parametrial space 
could be divided into the upper and lower area. The upper area involves the space 
above the peritoneal reflection in the pelvic floor and the lower one below them. The 
access is granted after cutting the anterior sheet of the broad ligament by the inner 
side of the round ligament [24]. Then an index finger enters between both sheets of 
the broad ligaments to separate the fat tissue and the ureter against the pelvic wall. 
Blunt dissection allows seeing the tissues until the pelvic floor. If cutting continues 
from the inner side of the round ligament, it is possible to enter the retrovesical 
space and connect both sides behind the bladder [25]. The lower parametrium is the 
most complicated area because it includes the ureter, fat tissue, lymphatics [18], and 
some anastomotic vessels in a narrow and deep space.
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Fig. 4.5 Schematic 
sagittal cut of the broad 
ligament showing the 
parametrial space. UA 
uterine artery, VA vaginal 
artery from an internal 
pudendal artery, RL round 
ligament

 Vascular Anatomy

Pelvic vessels mainly originate from internal iliac vessels, but this system receives 
blood from aortic, iliac external, and femoral components from anastomotic channels 
[26]. This network is continuously open to working immediately [27], without delay.

 Proximal Vascular Control

The concept of proximal control includes the vessel and the anastomotic compo-
nent. The most common cause of hemostasis failure is not to consider the blood flow 
by anastomotic or alternative pathways.

 Uterine Vascular Areas

For many years, the medical community considered that the uterine blood supply 
was formed for the uterine arteries (80% of blood flow) and the ovary arteries (20% 
of blood flow). For decades it was considered that, after the occlusion of the uterine 
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arteries, the upper pedicle, ovary arteries, and the round ligament artery replaced the 
uterine blood flow [28] after the vascular studies performed before the uterine trans-
plantation proved that it was not valid. In 2006 [29], an anatomic study rediscovered 
a lower uterine anastomotic system that replaces the blood flow after ligature or 
embolization of uterine arteries. The lower system depends on the internal pudendal 
artery below the peritoneal reflection. Accordingly, the internal female reproductive 
organs are divided perpendicular to the posterior bladder wall. S1 area is irrigated 
by the uterine and ovary arteries and involves the uterine body. S2 area is irrigated 
by pelvisubperitoneal pedicles, such as the internal pudendal artery and their 
branches, and involves the lower uterine segment, the cervix, and the upper vagina. 
Understanding this division is essential to choose the most appropriate proximal 
vascular control [30].

In cases of PAS, the placenta needs an additional blood supply that is taken from 
surrounding vessels. Therefore, the anatomy of these vessels is key to planning an 
approach and optimal vascular control [31]. The embryological study of the pelvic 
vessels showed that a primary vascular sprout is dividing during organ develop-
ment, but some connections among organs remain microscopically. In the presence 
of growth or vascular factors, these networks enlarge and create the “newly-formed 
vessels,” and this process is called angiogenesis, which is defined as a physiological 
process through which new blood vessels form from preexisting vessels [32] built 
in the earlier stage of vasculogenesis. Angiogenesis continues the growth of the 
microscopical vasculature by methods of sprouting and splitting [33]. These vessels 
do not present a typical muscular, vascular layer; the muscular layer is underdevel-
oped concerning the systemic arteries.

 Anterior Placenta Invasion

 Posterior Upper Bladder

Approximately 80% of PAS cases concern the posterior upper bladder [24], which 
coincides with the most common hysterotomy level. Vessel connection among the 
placenta, uterus, and bladder is below the peritoneal reflection after opening a vesi-
couterine space between the round ligaments. The anterior sheet of the broad liga-
ment is cut inside of obliterated umbilical artery bilaterally. An index finger passes 
through behind the bladder to isolate vessels by a vessel of a small group of them. 
In adherence to the posterior upper bladder, a finger passes through the cervix and 
the trigon. Then, a finger is pulled up to identify fibrous adherence and vessels [11]. 
When the pelvic fascia is not open, some surgeons push down the tissues behind the 
bladder, but it is highly possible to produce a vessel or a posterior bladder rupture. 
Connections between uterine or placenta vessels (from a uterine artery) and the 
vesical arteries are common in the upper posterior bladder [34]. Vascular compo-
nents from the uterus and the placenta cross the vesicouterine space (Fig. 4.6); when 
the bladder is pulled up and down, the vesicouterine area opens, isolating and liga-
ture of the newly formed vessels is more comfortable and safer.
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Fig. 4.6 Intraoperative 
view of ligature newly 
formed vessels in the 
vesicouterine space. NFV, 
newly formed vessels

 Posterior Lower Bladder

Placenta invasion in the posterior lower bladder is not expected [35]. It is particu-
larly blood supply and the collateral anastomotic system could be a nightmare even 
for a highly trained specialist. This area is deep and narrow, so it is needed excellent 
exposure and vascular image representation to avoid any unexpected or massive 
bleeding. This area is located among the trigon and the anterior cervix and the upper 
vagina and receives vessels from both vesical arteries (upper and lower), the upper 
vaginal artery (uterine artery), the middle vaginal artery (internal iliac artery), the 
lower vaginal artery (internal pudendal artery), and the cervical artery [36]. These 
vessels are part of a lower anastomotic ring that increases its volume and thickness 
in placenta invasion. In cases of posterior lower placenta invasion, it is possible to 
see two scenarios: (1) multiple vessels with a dissection plane between trigon and 
cervix and (2) many vessels and dense fibrosis between trigon and cervix. Deep dis-
section is possible to perform a ligature of the newly formed vessels, but the pres-
ence of fibrosis makes impossible a safe dissection; consequently, if it produces 
some injuries, it could end in massive and uncontrollable bleeding. Embolization in 
these circumstances is almost impossible due to the multiple vascular anastomotic 
channels. Pelvic packing is also inefficient because blood loss goes through to the 
retroperitoneum. Therefore, many PAS specialists avoid damage to the anastomotic 
ring (Fig. 4.7) by performing a subtotal hysterectomy.
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Fig. 4.7 Scheme of lower 
anastomotic ring. BL 
bladder, SVA superior 
vesical artery, IVA inferior 
vesical artery, VA vagina, 
LVA lower vaginal artery, 
IPA internal pudendal 
artery, MVA middle vaginal 
artery, IIA internal iliac 
artery, UA uterine artery, 
CA cervical artery, UR 
ureter, UT uterus

 Lateral Invasion: The Parametrium

The parametrial invasion, especially the infraperitoneal area, is challenging to 
solve. Life-threatening bleeding is the leading cause of severe morbidity and mor-
tality in PAS and is closely associated with cases of parametrial invasion. 
Anatomically, the parametrium is in the base of the broad ligament that includes the 
uterine artery, the ureter, lymph nodes, vessels, and fat tissue. As it happens with 
other pelvisubperitoneal spaces, the parametrium is widely connected to the retro-
peritoneum. Therefore, blood loss couldn’t be evident in the pelvis, even with large 
volumes. In the absence of a TC, clinical suspicion and acidosis markers are our 
best options to detect hidden bleeding in the early stages. Diagnosis during surgical 
staging is mandatory after opening a space between twofold of the broad ligaments 
(Fig. 4.8); a Doyen or similar retractor is placed to separate virtual space. At this 
moment, we can find the following: (1) no placental tissue; (2) placental tissue cov-
ered by serosae, like lateral dehiscence; and (3) placental tissue and evident newly 
formed vessels [24].

In parametrial placenta invasion, ureter identification is mandatory. The ureters 
descend into the pelvis posterior to the infundibulopelvic ligaments in the upper 
pelvis. After crossing the iliac vessels, the ureters travel more medially. In this area, 
the ureter is 2 centimeters inside the infundibulopelvic ligament; when the posterior 
peritoneum is cut, the ureter moves up; you must take the ureter carefully and sling 
with thick silk or another element. This is because the ureter is surrounded by small 
vessels. If some maneuvers are not appropriately made, these vessels could break 
and develop a small hematoma that hides the ureter. After primary identification, the 
dissection must be followed by the anteromedial side of the ureter since a lateral 
side receives the ureteral blood supply. When dissection reaches the broad ligament, 
it is necessary to create a tunnel to identify the ureter in the anterior parametrium. 
The ureter is surrounded by loose connective tissue, making it easy to create a ure-
teral canal. The following important landmark is the transverse cervical ligament in 
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Fig. 4.8 Opening of 
parametrial space. 
Intraoperative

the lower pelvis. The ureters travel medially toward the bladder after passing under 
the transverse cervical ligament. Their insertion into the inferior aspect of the blad-
der is the third central location they should undergo identification intraoperatively 
[4]. In parametrial invasion, there are some problems, narrow space, newly formed 
vessels from the ureter, and branches of the internal iliac artery. In addition, part of 
the iliac branches are branches from the anterior division, but below peritoneal 
reflection, most vessels arose from the internal pudendal artery. This complex vas-
cular net obliges to perform an upper vascular control, such as the infrarenal aorta.

 Posterior Invasion

There is scarce information about the posterior invasion; although some authors 
comment on hemostasis problems in posterior placenta invasion, they do not pro-
vide details of possible problems and solutions. Placenta posterior invasion is asso-
ciated with abortions, recurrent D&C, manual removal of the placenta, and large 
posterior myomectomies. The posterior uterine wall is thick, and significant damage 
is necessary to produce abnormal placentation. A superior third of the posterior wall 
receives blood supply from the uterine and ovary arteries, mesenteric arteries, or 
omentum [37]. The upper posterior uterus may also receive blood supply from the 
lumbar arteries [38]. In organ involvement, the newly formed pedicles originate 
from the organ that adheres to the posterior wall, large and small gut, and the 
omentum.

For this reason, proximal vascular control could be immediately below renal 
arteries to have control of the inferior mesenteric artery. A specific pedicle arises 
from the rectal artery in the lower and middle posterior areas. These tiny vessels 
enlarge significantly in cases of placenta invasion, and it could produce paradoxical 
severe bleeding even after aortic control (aortic division). We denominate this artery 
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Fig. 4.9 Intraoperative 
view. Asterisk, right 
uterine pedicle; PUAA 
posterior uterine 
anastomotic artery

as the posterior uterine anastomotic artery (PUAA) (Fig. 4.9) that runs below the 
peritoneum and is easily visible after uterine exteriorization. It looks like a thick 
arterial vessel without a vein; it could be controlled with a simple ligature that 
includes 2 cm of the myometrium. Due to the reduced cases of posterior invasion 
and poor knowledge of this vessel, it is habitually an origin of massive bleeding. As 
with other uterine vessels, the PUAA is widely connected with the uterine and vagi-
nal net and may cause unusual bleeding [39] by the uterus [40] or the vagina [39]. 
It is possible to see uterosacral ligaments in the low posterior and lateral uterus. 
They are another landmark to identify the ureter and the autonomic component of 
the pelvic viscera. When the posterior peritoneum is opening 2 cm lateral to the 
uterosacral ligament, the ureter is evident and easy for dissection or sling.

 Uterine Blood Supply

Classically, the uterus has two pedicles, the uterine artery, which supplies 90% of 
the uterus, and the ovary arteries, providing 10% of the blood flow. Before 2006, it 
was described only as an upper anastomotic vessel, the round ligament artery, which 
arises from the epigastric artery. After this date, a lower extrauterine anastomotic 
system was described [29], which replaces a uterine blood flow after ligature or 
embolization of the uterine arteries. This system mainly depends on the internal 
pudendal branches, especially the lower vaginal artery. A perpendicular line that 
crosses the posterior bladder wall determines two uterine vascular areas. S1 involves 
the uterine body and the upper part of the uterine segment, and S2 affects the lower 
uterine segment, the cervix, and the upper vagina [41]. Apart from these areas, it is 
possible to recognize specific ones in the female reproductive system that determine 
specific vessels by topographic areas [42] and methods for proximal vascular con-
trol (Table 4.1). Due to most PAS cases about the posterior upper bladder (lower 
segment), vascular controls that affect only the uterine artery (like embolization or 
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Table 4.1 Female organs’ blood supply

Sectors S1 S2 S3 S4 S5

Location Uterine body
Upper uterine 
segment

Lower uterine 
segment
Cervix and 
upper vagina

Middle and 
lower vagina

Upper 
posterior
Uterus

Lower posterior 
uterus

Vessels Uterine (IIA) 
and ovary 
artery (AO)

Cervical artery, 
upper vaginal 
artery (UA)
Middle vaginal 
artery (IIA)
Lower vaginal 
artery (IPA)
Upper and 
lower vesical 
arteries

Lower vaginal 
artery
(IPA)

Ovary and 
uterine artery
Omental 
artery
Superior and 
inferior 
mesenteric 
artery (AO)
Round 
ligament 
artery (EA)

Ovary (AO) and 
uterine artery 
(IIA)
Posterior uterine 
anastomotic 
artery

Proximal 
vascular 
control

Fallopian 
tube-uterine 
junction
Uterine artery 
(horizontal)
Iliac internal 
(CIA)

Compression 
suture over 
bleeding point
Lower 
infrarenal aorta
External or 
internal 
compression, 
sling, or balloon
Common iliac 
artery (bilateral)

Compression 
suture over 
bleeding point
Lower 
infrarenal aorta
External or 
internal 
compression, 
sling, or balloon
Bilateral 
balloon of 
common iliac 
artery (AO)

Rubber tube 
around the 
uterine body
Fallopian 
tube-uterine 
junction

Upper infrarenal 
aorta
External or 
internal 
compression, 
sling, or balloon

UA uterine artery, AO abdominal aorta, IPA internal pudendal artery, CIA common iliac artery, IIA 
iliac internal artery, EA epigastric artery

ligature) are not always efficient to avoid blood loss [43]. Something similar hap-
pens with internal iliac control because most of the branches in the lower segment, 
upper vagina, and posterior bladder originate from the posterior division of internal 
iliac arteries. This data is proved by randomized control trials and systematic review 
studies [44].

 Anatomy Learning for Surgeons

Dissection allows the 3D conception of the subject matter and the interrelationships 
of anatomical structures. It also encourages the improvement of manual dexterity 
and an appreciation of a different anatomical variation, as seen between altered. 
There is a big difference in surgeons who had anatomical training or not. Although 
it is possible to perform a surgery moving and pushing tissues, there is an enormous 
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difference when the surgeon finds the structures with anatomical knowledge or 
skills [45]. Anatomy is needed to be planned and implemented in postgraduate 
training to avoid an inevitable decline in surgical standards. Doctors interested in 
interventionalist careers [46] such as surgery need support in anatomy with direc-
tion from educators who have clinical experience. Complete training in human 
structure is core to operating training to warrant safety in practice in the surgical 
room, especially in hazardous procedures. Complete cadaver dissection constitutes 
the most effective training mode [47], especially for surgical specialties. Integrating 
human anatomy with other medical subjects is a helpful way of improving its reten-
tion and application.

 Summary

Knowing the vascular and pelvic uterine relations allows us to plan a surgical 
approach to PAS. The opening of pelvic spaces is instrumental in dissecting specific 
areas and elements. Most vascular structures are infraperitoneal; consequently, the 
surgeon can perform precise vascular hemostasis after an accurate exposition. 
Topographic anatomy is needed for truthful management in some areas, such as the 
lower posterior bladder or the infraperitoneal parametrium. Finally, the expertise in 
pelvic and uterine pedicles is the best way to plan proper proximal vascular control. 
Although most cases of PAS are located about the upper posterior bladder, the pre-
cise management of all pelvic spaces and areas is necessary to control any possible 
variation. Anatomy skills are required to solve organ adhesions, understand the 
effectiveness of proximal vascular control, and manage unexpected situations.
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Chapter 5
Classification of Placenta Accreta 
Spectrum

Rozi Aditya Aryananda and Grace Ariani

 Introduction

Placenta accreta spectrum (PAS) is the term that describes the pathologic adherent 
of the placenta into the uterine wall without intervening decidua or basalis layer. 
The main mechanical risk factor of PAS is the cesarean section, curettage, or in vitro 
fertilization (IVF), and this is consistent with the possible cause of endometrial 
defect which leads to PAS in the next pregnancy [1, 2].

PAS is a heterogeneous condition associated with a high maternal morbidity and 
mortality rate, presenting unique challenges in diagnosis and management. It is 
caused by the lack of a standardized approach in reporting PAS cases for the ultra-
sound, clinical, and pathologic diagnosis [3]. PAS has many controversies and one 
of them is about the pre-, intra-, and postsurgical classification [4].

In the past, the diagnosis of placental implantation was only based on histopa-
thology findings of cesarean hysterectomy, but several considerations related to 
uterine conservative surgery and the risk of bleeding during cesarean hysterectomy 
have made uterine conservative surgery an option in the management of PAS.

The traditional category only uses the terminologies placenta accreta, increta, 
and percreta based on histopathology and does not describe clinical criteria at the 
time of surgery. This traditional classification describes accreta invasion as placen-
tal villi adhering to the underlying myometrium, without an intervening layer of 
decidua, increta invasion as placental villi invading into the myometrial wall, and 
percreta invasion as placental villi invading through the full thickness of the 
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myometrial wall to involve the uterine serosa [5, 6]. This traditional classification 
does not reflect the complexity of the surgery, and one placenta can have a different 
type of invasion and is highly dependent on sampling technique, so this classifica-
tion has many weaknesses.

 Clinicopathology Classification

There are two approaches used to describe the degree of PAS severity, clinical cri-
teria during surgery and histopathological criteria. These two criteria have different 
approaches and important information, so they often cause controversy.

The clinical criteria for PAS used when placental tissue is present on the uterine 
surface can also lead to overdiagnosis because uterine dehiscence can have the same 
appearance as the PAS. Therefore, the clinical definition has to be the most impor-
tant criterion for the definition of PAS [7].

The main histopathological criteria used to confirm the diagnosis of PAS were 
the absence of a decidual invasion and presence of placental invasion that penetrate 
the endometrial-myometrial layer, but this is a dilemmatic problem because the 
histopathological results are strongly influenced by surgical techniques and macro-
scopic sampling methods [8]. Different degrees of villous invasion have been 
described throughout the same placenta, with areas of accreta and percreta coexist-
ing on the same specimen, further limiting the accuracy of microscopic diagnosis as 
it becomes dependent on the site of sampling.

One of the management of PAS is uterine resective-reconstructive surgery where 
the focal myometrial resection is applied in the abnormality of placental invasion [9]. 
The pathologist only obtained a focal myometrial resection with a placental attach-
ment which was presumed to be the area of   implantation of the placenta into the 
myometrium based on clinical findings during surgery. This conservative surgical 
technique presents a new challenge for the pathologist in the macroscopic examina-
tion of placental implantation, where it will be difficult to distinguish placental and 
uterine, especially on fresh tissue. Unfixation tissue is very soft and the myometrial 
sample is thin that it is sometimes difficult to find and distinguish, and for that a 
multidisciplinary team is needed. The existence of communication between the 
operator and the pathologist has an important role, where agreement on the provision 
of markers of the location of the placenta-uterine attachment during tissue delivery 
can help histopathological analysis. Histopathological diagnosis of PAS was con-
firmed by hysterectomy and uterine resective-reconstructive surgery, but histopathol-
ogy diagnosis of PAS could not be confirmed if the sample received was only part of 
placental tissue which is taken during surgery or placental bed biopsy [3, 10].

Histopathological and clinical criteria controversies in PAS cause overdiagnosis 
of placental invasion disorders and bias to explain the epidemiology of PAS in the 
world. The International Federation of Gynaecology and Obstetrics (FIGO) made a 
consensus to bridge the clinical appearance and histopathological grading of PAS 
(Table 5.1) [1].
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Table 5.1 The International Federation of Gynaecology and Obstetrics (FIGO) classification of 
placenta accreta spectrum

Grade Clinical criteria Histologic criteria

1
Abnormally 
adherent 
placenta 
(accreta)
(Fig. 5.1)

At vaginal delivery:
–  No separation with synthetic 

oxytocin and gentle controlled 
cord traction.

–  Attempts at manual removal of 
the placenta results in heavy 
bleeding from the placenta 
implantation site requiring 
mechanical or surgical 
procedures.

If laparotomy is required 
(including for cesarean 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.

Microscopic examination of the placental 
bed samples from hysterectomy specimen 
shows extended areas of absent decidua 
between villous tissue and myometrium 
with placental villi attached directly to the 
superficial myometrium – The diagnosis 
cannot be made on just delivered placental 
tissue nor on random biopsies of the 
placental bed

2
Abnormally 
invasive 
placenta 
(increta)
(Fig. 5.2)

At laparotomy:
–  Abnormal macroscopic findings 

over the placental bed: Bluish/
purple coloring, 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 inward 
without separation of the 
placenta (so-called the dimple 
sign).

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
Abnormally 
invasive 
placenta 
(percreta)

(continued)
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Table 5.1 (continued)

Grade Clinical criteria Histologic criteria

3a Limited to 
the uterine 
serosa
(Fig. 5.3)

At laparotomy:
–  Abnormal macroscopic findings 

on uterine serosal surface (as 
above) and placental tissue seen 
to be invading through the 
surface of the uterus.

–  No invasion into any other 
organ, including the posterior 
wall of the bladder (a clear 
surgical plane can be identified 
between the bladder and uterus).

Hysterectomy specimen showing villous 
tissue within or breaching the uterine 
serosa

3b with 
urinary 
bladder 
invasion
(Fig. 5.4)

At laparotomy:
–  Placental villi are seen to be 

invading into the bladder but no 
other organs.

–  Clear surgical plane cannot be 
identified between the bladder 
and uterus.

Hysterectomy specimen showing villous 
tissue breaching the uterine serosa and 
invading the bladder wall tissue or 
urothelium

3c with 
invasion of 
other pelvic 
tissue or organ
(Fig. 5.5)

At laparotomy:
–  Placental villi are seen to be 

invading into the broad 
ligament, vaginal wall, pelvic 
sidewall, or any other pelvic 
organ (with or without invasion 
of the bladder).

Hysterectomy specimen showing villous 
tissue breaching the uterine serosa and 
invading pelvic tissues/organs (with or 
without invasion of the bladder)

Placental
villous

Decidual
layer

Myometrium

Placental
villous

Myometrium

a b

Fig. 5.1 (a) Area with normal implantation; decidual basalis layer is intact (orange arrow). H&E- 
stained section at ×10 magnification. (b) Placenta accreta; PAS grade 1. Loss of decidual layer in 
the area of placental implantation; placental villi attached directly to the superficial myometrium. 
H&E-stained section at ×100 magnification
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a b

c

Fig. 5.2 (a) Bluish/purple coloring, distension (placental “bulge”); significant amounts of hyper-
vascularity (dense tangled bed of vessels or multiple vessels running parallel craniocaudially in the 
uterine serosa). (b) Macroscopy of placenta with uterus implantation suspected placenta increta 
(blue and green marker). (c) Trophoblast extravillous within the myometrium (arrow) (Placenta 
increta; PAS grade 2), H&E-stained section at ×100 magnification
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a

c

b

Fig. 5.3 (a) Serosal surface (as above) and placental tissue seen to be invading through the surface 
of the uterus after in the level of the above trigonal bladder after newly formed vascularies are 
ligated. (b) Local placental-myometrial resection during surgery to have sample tissue for histopa-
thology analysis. (c) Trophoblast extravillous (arrow) reaching the uterine serosa (placenta per-
creta; PAS grade 3A) with H&E-stained section
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Posterior
Bladder Wall

Placenta invaded to
uterine serosal surface

Bladder
invasion

Muscle fiber
of the bladder

Myometrium

Placental
villous

Fibrotic
tissue

a

b

Fig. 5.4 (a) Clear surgical 
plane cannot be identified 
between the bladder and 
uterus. (b) Placental villi 
breach the uterine serosa 
and invade the bladder wall 
tissue (placenta percreta; 
PAS grade 3B). H&E- 
stained section at ×4 
magnification

In Fig. 5.5, these two cases have the same grading as FIGO grade 3C but have 
different levels of surgical difficulties. In diffuse placental invasion, the sampling 
technique for histopathological examination has its challenges.

One placental invasion can have different grading of invasion and many cases of 
placenta accreta spectrum have both adherent and invasive areas. The separation 
between placental tissue from the uterine tissue in fresh specimens allowed us to 
differentiate between abnormally adherent and invasive areas, to evaluate the area of 
villous tissue invasion, and to accurately obtain a sample for histology to confirm 
the diagnosis of villous myometrial invasion in all cases [11, 12].
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a c

db

Fig. 5.5 (a) Placental villi are seen to be invading into the lower right parametrium with signifi-
cant amounts of hypervascularity of the uterine serosa (placenta percreta; FIGO grade 3C).  
(b) Trophoblast extravillous reaching the uterine serosa with H&E-stained section. (c) Placental 
villi are seen to be invading all surfaces of right parametrium (placenta percreta; FIGO grade 3C). 
(d) Trophoblast extravillous reaching the uterine serosa with H&E-stained section
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 Vascular Classification

Although clinical criteria of PAS have been established by FIGO, in these criteria 
the difficulties at the time of PAS surgery are very difficult to describe. In clinical 
surgery, the level of difficulty of the surgery is strongly influenced by the location 
of the invasion of the placenta because it greatly affects the blood loss during sur-
gery due to the vascular anastomoses that affect it. One of the criteria, FIGO clas-
sification of 3C with the clinical situation placenta invading through uterine serous 
to the parametrial-pelvic cavity, can cover upper parametrium with broad ligament 
and lower parametrium invasion, but these two have different prognosis due to com-
plexity of vascular anastomosis [13].

Palacios-Jaraquemada et al. divided the uterine anastomose into S1 and S2 uter-
ine sectors. In placental invasion above the trigonal bladder, the main vessels pro-
viding blood supply are from the uterine artery, superior vesical artery, and superior 
vaginal artery (Fig. 5.6a), whereas in placental invasion below the trigonal bladder, 
the vascular anastomoses are more complex (Fig. 5.6b) and risk of causing adverse 
outcomes at the time of surgery [14].

Imbalance of proangiogenic-antiangiogenic factor in PAS is the main factor that 
causes anastomotic vasodilation of the vascular net in the pelvic cavity area, and it 
depends on the degree (focal or diffuse) of placental invasion. Focal invasion shows 
the placenta is invading the uterine wall less than 50% of the uterine surface where 
diffuse invasion is more than 50% [9]. In some cases with diffuse lower PAS inva-
sion, the vascularities are complex and the anastomosis is from extrauterine anasto-
mosis like the branch of the rectal artery, periureteral artery, etc. [14, 15].

S1 S1

S2 S2

a b

Fig. 5.6 (a) S1 uterine sector where the placental invasion above the trigonal bladder with major 
vascularities is from upper vesical-upper vaginal-uterine artery. (b) S2 uterine sector where the 
placental invasion is below the trigonal bladder which has more complex vascular anastomosis
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Knowing this uterine vascular sector classification is very helpful in surgical 
strategies, especially the use of vascular control methods such as abdominal aortic 
balloon or aortic clamp [16], so this uterine sector needs to be described in detail as 
the surgical report for important information.

 Placental-Type Invasion

The complexity of uterine vascular sector classification correlates with the location 
and degree of placental invasion. The other clinical classification is postponed by 
Palacios-Jaraquemada [17] which correlates between the complexity and the prog-
nosis during surgery.

 Type 1

This type of placental invasion is the majority of PAS which is located above the 
trigonal bladder and has a good prognosis for uterine resective-reconstructive sur-
gery (Fig. 5.3a, b) [9, 17].

 Type 2

The placental invasion is located in the parametrium uterine which divides the upper 
parametrium and lower parametrium. These two sectors have a different prognosis; 
lower parametrium has more complex vascularity and a high risk for maternal mor-
bidity and mortality (Fig. 5.7) [13].

Fig. 5.7 Right lower 
parametrial invasion with 
ureter invasion
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 Type 3

The placenta is invaded in the lower bladder and has more complex anastomosis and 
lower success for uterine resective-reconstructive surgery compared with type 1 
placental invasion. The importance of this type is the cervical tissue; the healthy 
cervix will give a higher possibility to “conserve” the uterus.

 Type 4

This invasion is located in the lower bladder with massive fibrotic tissue followed 
by complex vascular anastomosis, and cervical invasion leads to impossible uterine 
resective-reconstructive surgery (lower bladder—cervical invasion).

 Type 5

The placenta is invaded in the lower posterior uterus and has different vascular 
sources; thus, this type is more complex for vascular control. Vascular anastomosis 
is arrived from the branch of the superior rectal artery-inferior mesenteric artery 
(Fig. 5.8).

The difference between this clinical classification and the FIGO classification is that 
the classification relates to the prognosis and strategy at surgery, whereas the FIGO 
classification bridges the gap between surgical appearance and histopathology.

Both these classifications are very useful and have important meaning both dur-
ing surgery and postsurgical diagnosis, so it is possible to do a combination of both 
classifications (Fig. 5.9).

Fig. 5.8 Lower posterior 
invasion with a newly 
formed vessel from the 
branch of the superior 
rectal artery
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Fig. 5.9 Placenta accreta 
spectrum FIGO grade 3A 
with type 1 placental 
invasion—S1 uterine 
sector

 Placental Mapping for Prenatal Diagnosis of Placenta Accreta 
Spectrum Grading

The concept of vascularity and placental grading is in line with the PAS pathogen-
esis. The placenta accreta spectrum occurs as the result of an imbalance pro-growth- 
inhibin factor that can lead to excessive placental invasion and vascularity 
growth [18].

The severity of the placenta accreta spectrum correlates with excessive angio-
genesis seen on ultrasound in the form of abnormal lacunae and hypervascularity on 
Doppler ultrasound. The appearance of large and numerous irregular abnormal 
lacunae represents extensive focal or diffuse placental invasion [10, 19] (Table 5.2).

There is no single sign for ultrasound examination that is most superior because 
there are two things that are considered in the pre-surgical diagnosis of PAS: the 
depth of invasion and hypervascularity [27, 28]. The important sign which shows 
deep placental invasion like abnormal placental lacunae, three-dimensional power 
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Table 5.2 Ultrasound sign for placenta accreta spectrum [20–26]

Ultrasound marker Definition

Grayscale 
ultrasound

Loss of clear zone Loss, or irregularity, of hypoechoic plane in 
myometrium underneath the placental bed (“clear 
zone”)

Placental bulge Deviation of uterine serosa away from the expected 
plane, caused by abnormal bulge of placental tissue 
into neighboring organ, typically bladder; uterine 
serosa appears intact 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

Myometrial thinning Thinning of myometrium overlying placenta to 
<1 mm or undetectable

Bladder wall 
interruption

Loss or interruption in the echogenic bladder border

Abnormal lacunae Irregular vascular spaces within the placental 
parenchyma showing turbulent flow on grayscale or 
color doppler ultrasound

Color/power 
doppler 
ultrasound

Uterovesical 
hypervascularity

The presence of vessels visualized by color doppler 
crossing the myometrium and extending from the 
placenta to the posterior bladder wall or to other 
organs often running perpendicular to myometrium

Subplacental 
hypervascularity

Striking amount of color 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 vessel Vessels appearing to extend from placenta, across 
myometrium, and beyond serosa into bladder or 
other organs; often running perpendicular to 
myometrium

Placental lacunae 
feeding vessel

Vessels with high-velocity blood flow leading from 
myometrium into placental lacunae, causing 
turbulence upon entry

Parametrial invasion Placental bulge in the parametrial region with sign of 
hypervascularity

3D rendering-3D 
doppler 
ultrasound

Three-dimensional 
rendering ultrasound

Disconnection of two parallel lines in uteroplacental- 
bladder interface

Three-dimensional 
power doppler 
ultrasound

Intraplacental vascularization and vascularization of 
uterine serosa-bladder interface

Other sign “Rail sign” The parallel subplacental/uterovesical 
hypervascularity, and neovascularization of the 
bladder mucosa, together with interconnected 
bridging vessels

Transvaginal 
ultrasound: 
Intracervical lacunae

Tortuous anechoic space within the cervix which 
appeared hypervascular at color doppler
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a b

c d

Fig. 5.10 (a) Grayscale ultrasound shows loss of clear zone, abnormal lacunae, placental bulge, 
and bladder wall interruption. (b) Color Doppler shows uterovesical hypervascularity, bridging 
vessel, and rail sign. (c) 3D rendering ultrasound shows loss of two parallel lines in uteroplacental- 
bladder interface with the placental tissue attached in the bladder wall which gives impression for 
highly suspicious lower bladder invasion. (d) Bladder invasion of PAS FIGO grade 3B with type 4 
placental invasion—S2 uterine sector

Doppler ultrasound, and rail sign can help to know the deepest placental invasion 
(Fig. 5.10) [22, 23, 25].

The concept of S1/S2 uterine sector is very useful in pre-surgical diagnostic 
examination to know the possibility for uterine resective-reconstructive surgery. 
Lower bladder invasion can be evaluated using three-dimensional ultrasound or 
transvaginal ultrasound to analyze the cervical hypervascularity and cervical lacu-
nae (Fig. 5.11). This concept is very important because high-grade PAS usually 
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Foley catheter was use for
y

c
aortic loop during surger

Cervical stomp

Bladder

Placenta invade to
anterior cervix

a b

Fig. 5.11 (a) Transvaginal ultrasound shows the placenta invading the anterior cervix with abnor-
mal lacunae. (b) Cervical hypervascularity and intracervical lacunae show S2 uterine sector of 
uteroplacental vascularity. (c) Cervical invasion (white arrow) during modified subtotal hysterec-
tomy with abdominal aortic loop using Foley catheter
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has correlation with lower invasion due to complex vascular anastomosis where 
aortic control may preferable to control the bleeding during surgery [16, 24, 
26, 29].

 Conclusion

The concept of classification of placenta accreta spectrum (PAS) is bridging the 
pre-, intra-, and postsurgical diagnosis. Combining classification between FIGO 
classification, placental invasion type, and S1/S2 uterine sector may useful for sur-
gical strategies and sampling of placental tissue for histopathology and should be 
considered during placental mapping of ultrasound examination especially for 
advanced grading of PAS.
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Chapter 6
Diagnosis of Placenta Accreta Spectrum: 
Clinical and Radiological Diagnosis 
of Placenta Accreta Spectrum 
and the Ability of Sonographic and MRI 
Findings to Predict Definitive Diagnosis

Bahram Salmanian, Scott A. Shainker, Alireza A. Shamshirsaz, 
and Ahmed A. Nassr

 The Importance of Antenatal Diagnosis of Placenta 
Accreta Spectrum

Placenta accreta spectrum (PAS) is a morbid complication of pregnancy that results 
from abnormal placentation. In normal pregnancies, the placenta implants in the 
decidua functionalis and does not adhere to deeper tissue. It is suggested that the 
partial or complete lack of decidua basalis results in deeper penetration of the pla-
centa into myometrium. Placental growth may be limited to the endometrium 
(accreta), to myometrium (increta), or through the uterine serosa (percreta) with 
possible involvement of the adjacent organs. As the cesarean delivery rate increases, 
there has been a significant increase in the incidence of PAS. In the United States, 
the incidence increased from 1 in 30,000 pregnancies in 1960s to 1 in 2500 pregnan-
cies in the 1990s [1] and further increased to 1 in 533 pregnancies in the early 2000s 
[2]; however, the true incidence of PAS is unknown as the reported rates vary when 
outside of research protocols [3].
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Clinically, the major risk factors for PAS are history of prior cesarean delivery 
and presence of placenta previa in the current pregnancy. The risk significantly 
increases with history of multiple cesarean deliveries [4–6]. Other risk factors 
include prior uterine surgery other than cesarean [7–9], assisted reproduction [10, 
11], advanced maternal age [12], and multiple gestation [13, 14].

The predominant morbidity associated with PAS is obstetric hemorrhage, often 
requiring multiple units of blood products and possible complications with massive 
transfusion [15–18]. Due to the complexity of surgery at the time of delivery, often 
accompanied with hysterectomy, surgical complications are common with PAS 
including bladder and ureteral injury, or other adjacent organs in the pelvis.

Maternal outcomes are improved when there is antenatal diagnosis prior to deliv-
ery, allowing for advanced planning and multidisciplinary management of PAS to 
achieve favorable outcomes [19, 20]. This reflects the importance of accurate diag-
nostic tools particularly in the high-risk population to avoid poor outcomes. PAS 
evaluation should be considered in any pregnancy with placenta previa and history 
of cesarean delivery. Antepartum diagnosis helps with planning the delivery under 
optimized conditions in experienced centers.

 Antenatal Diagnosis: Role of Different Imaging Modalities

Definitive diagnosis is by histopathologic evaluation of the placenta and the uterus. 
However, imaging techniques are available that can predict PAS with good accu-
racy. The sensitivity of ultrasound in the diagnosis of PAS is reported to be 90.7% 
(95% CI, 87.2–93.6) with specificity of 96.9% (95% CI, 96.3–97.5%) [21]. However, 
the experience of the operator and clinician reading the ultrasound images may 
affect the accuracy. In addition, recent study suggests intraoperative clinical diagno-
sis correlate well with pathologic diagnosis [22].

In 1982, the first documented antenatal diagnosis of PAS was reported [23]. 
Since then several markers are introduced to improve the accuracy of PAS diagnosis 
on imaging. Advances in technology also have helped for better visualization and 
description of various markers and findings. Ultrasound is the modality of choice 
for the evaluation of the placenta. It is safe during pregnancy, it provides easy avail-
ability with real-time assessment, and it is the cheapest diagnostic imaging available 
compared to other tools such as MRI. There have been recent efforts to establish a 
standardized protocol for ultrasound evaluation of PAS in relation to clinical and 
pathological findings. There are several sonographic markers associated with PAS, 
and some can be seen as early as the first trimester pregnancy. For all pregnancies, 
standard of care is to evaluate placental location and implantation universally during 
the midtrimester anatomy scan. Magnetic resonance imaging (MRI) can also help 
when placenta cannot clearly be visualized on ultrasound or the findings are not 
conclusive. There are scoring systems introduced for antenatal assessment of PAS 
involving both clinical risk factors and US markers [24–26]. The presence of 
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placenta previa in patients with history of prior cesarean delivery has the most influ-
ence in these scoring systems suggested.

 First Trimester Imaging

Early in pregnancy, a gestational sac implanted in the lower uterine segment in close 
proximity to the previous uterine scar increases the risk of PAS [27, 28]. It has been 
reported that 28% of patients with PAS have low implantation of the gestational sac 
on the first trimester ultrasound [28]. Cesarean section scar pregnancy is a marker 
for PAS, and all the sonographic PAS markers described on a second or third trimes-
ter ultrasound can also be seen on a first trimester scan [29], including as anechoic 
placental areas and an irregular uteroplacental interface (Fig. 6.1) [30]. Particularly 
concerning for early PAS is when the residual myometrial thickness is less than 
5 mm at the implantation site within the previous cesarean scar; this finding increases 
the risk for need for hysterectomy if the pregnancy continues [28]. In case of cesar-
ean scar pregnancy, there are studies reporting a new sonographic sign (the cross-
over sign or COS) that can predict the severity of subsequent PAS and possibility of 
a successful pregnancy [31]. The COS is a measure of the relationship between the 
gestational sac, anterior uterine wall, and cesarean scar.

a b

c

Fig. 6.1 Ultrasound images of a first trimester pregnancy with cesarean scar implantation; (a, b) 
sagittal image of the lower uterine segment with extension of the decidua into the myometrium at 
8 weeks; (c) sagittal image of the same pregnancy at 9 weeks with formation of lacunae

6 Diagnosis of Placenta Accreta Spectrum: Clinical and Radiological Diagnosis…



66

 Second or Third Trimester Ultrasound Evaluation

There are multiple ultrasound markers associated with PAS in the second or third 
trimester [26, 32]. Most of these markers are present at the time of midtrimester 
anatomy scan. Transvaginal sonography with a partially full urinary bladder is in 
particular recommended for evaluation of the lower uterine segment and vesicouter-
ine interface [33]. Color Doppler is the other imaging tool that can be helpful and 
should be used to visualize PAS-associated vascular abnormalities.

These markers include (Fig. 6.2) the following:

 1. Placenta lacunae: hypoechoic spaces with irregular margins within the placental 
tissue visible on gray scale; color Doppler often reveals a swirling of venous 
flow. The following criteria are associated with high-risk PAS:

 – Multiple lesions (>3).
 – Large size.
 – Irregular borders.
 – High velocity and/or turbulent flow within.

In patients who are higher risk for PAS with history of prior cesarean 
delivery and placenta previa, absence of lacunae has negative predictive 
values (NPV) ranging from 88% to 100% [34, 35].

 2. Irregular uteroplacental interface includes the loss of the retroplacental 
hypoechoic zone between the placenta and myometrium as well as thinning of 
the retroplacental myometrium (<1 mm):

 – This marker should be evaluated particularly along the posterior bladder wall; 
a partial or complete interruption of the uterovesical interface can often 
be seen.

 – It is important to ensure the correct angle of insonation and avoid undue pres-
sure on the abdomen or with the transvaginal ultrasound probe as this has 
been shown to obscure imaging accuracy [36].

 3. Uterine wall bulging as a result of placental tissue distorting uterine contour.
 4. Placental extrusion beyond the uterine wall:

 – This marker can represent uterine wall dehiscence as well.

 5. Bridging vessels:

 – Placental vasculature crossing from the placenta into the myometrium (and 
sometimes beyond).

 – Neovascularization at the placental implantation/invasion site is often repre-
sented as vessels crossing the uterine serosa into uterovesical space or other 
adjacent anatomic planes [37].

 – Attention is required to distinguish lower uterine segment hypervascularity 
often associated with placenta previa from bridging vessels.
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a b

c d

e f

g h

Fig. 6.2 Ultrasound markers of placenta accreta spectrum on images of lower uterine segment; (a) 
sagittal view with placenta lacunae present; (b) transverse view with placenta lacunae present; (c) 
loss of the retroplacental hypoechoic zone between the placenta and myometrium; (d, e). sagittal 
view with irregular uteroplacental interface and bulging of the placenta toward the bladder with 
loss of the retroplacental hypoechoic zone between the placenta and myometrium; (f) sagittal view 
of placental extrusion beyond the uterine wall into the bladder; (g, h) sagittal view of hypervascu-
larity of the placenta myometrium interface with bridging vessels
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If PAS is suspected, the extent of placental involvement, focal or global, and the 
depth of placental invasion, confined to the uterus or extending to the adjacent 
organs such as the bladder or parametrium, should also be evaluated.

There are other techniques that can help to improve diagnosis but are not well 
described yet. Measurement of the peak systolic velocity of placental vasculature 
has been shown to have a direct correlation with PAS; however, it lacks sensitivity 
with a low negative predictive value [38]. Three-dimensional (3D) US in combina-
tion with power Doppler may also help to better evaluate the placental-myometrial 
interface looking for hypervascularity, and tortuous vascularity with chaotic branch-
ing, and also help to better evaluate for involvement of adjacent organs [39]. 
Detection of hypervascularity of the uterine-bladder interface by 3D ultrasound is 
reported to have superior diagnostic sensitivity and specificity over 2D imaging 
with 100% positive predictive value [40]. However, 3D imaging remains a complex 
technique requiring operator expertise and may not be an available option in some 
centers.

It should be taken into account that the presence of these markers in the low-risk 
population without placenta previa or history of previous cesarean delivery may be 
hard to interpret and often does not convey an increased risk for PAS [41].

 MRI Evaluation

Additional MRI can provide similar diagnostic accuracy when compared to ultra-
sound. Due to the higher cost of MRI, it is recommended to consider MRI when 
ultrasound evaluation of the placenta is technically difficult such as in posterior 
placentation, morbid obesity, or multiple gestation [42]. Other limiting factors for 
US evaluation are operator dependency, quality of equipment used, and acoustic 
effects such as fetal position, prior scars, uterine contraction, myomas, and insuffi-
cient or excessive maternal urinary bladder filling. Overall, MRI provides similar 
detection rate compared to US for PAS diagnosis [42, 43]; however, it can provide 
more details regarding the depth of invasion and adjacent organ involvement 
[26, 44].

T2-weighted imaging is the modality for placental evaluation. The MRI markers 
for PAS include (Fig. 6.3):

 1. Dark intraplacental bands.
 2. Heterogenous signal intensity in the placenta.
 3. Focal areas of uterine bulging.
 4. Loss of the interface with adjacent organs.

Of the above markers, the first two are the most sensitive and the latter two are 
the most specific findings for PAS [45].

B. Salmanian et al.



69

a b

c

Fig. 6.3 Magnetic resonance imaging and markers for placenta accreta spectrum; (a, b) dark 
intraplacental bands with heterogenous signal intensity in the placenta; (c) focal areas of uter-
ine bulging

Other MRI markers include thick T2-hypointense septa within the myometrium 
likely due to myometrial invasion, tenting of the urinary bladder, and abnormal 
vascular formation in the placenta as tortuous and enlarged spaces on T2-weighted 
sequence [45].

It is recommended that at least two of the above findings should be present to 
raise concern for PAS [46, 47]. MRI has sensitivity and specificity increases after 
24 weeks of gestation, up to 79% and 94%, respectively [48]. Although MRI is 
overall safe in pregnancy, use of gadolinium-based intravenous contrast is not rec-
ommended for possible fetal side effects [49, 50].
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 Special Considerations

• Despite ongoing efforts to improve antenatal diagnosis of PAS, PAS is often not 
diagnosed until the time of delivery. Under such circumstances, when appropri-
ate resources for managing such patients are not available, temporary closure of 
the abdomen and rapid transfer to a tertiary center with higher level of care can 
be considered as long as the patient is hemodynamically stable.

• False-positive diagnosis of PAS may introduce unnecessary perinatal morbidity. 
However, a recent study investigating the outcomes in such patients revealed 
acceptable outcomes if managed in a referral center with expertise in managing 
PAS.  The incidence of unnecessary hysterectomy was reported to be 2% or 
less [51].
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Chapter 7
Definitive Management of Placenta Accreta 
Spectrum

Pedro Viana Pinto, Ana Paula Machado, and Marina Moucho

 Introduction

First reviewed by Irving and Hertig in 1937, the nomenclature of the placenta 
accreta spectrum (PAS) disorders has recently been endorsed by the International 
Federation of Gynaecology and Obstetrics (FIGO), including in its classification the 
abnormally adherent and invasive placenta [1, 2].

Peripartum hysterectomy, a surgical procedure often needed in the resolution of 
PAS, is defined by the World Health Organization as a maternal near-miss criterion. 
Traditionally, prevalence of peripartum hysterectomy in high-resource settings is 
relatively low. According to the literature, placental abnormalities (from placenta 
previa to PAS) are one of the principal causes of emergent postpartum hysterec-
tomy, especially in high-income settings [3–5]. In a European study, prevalence of 
peripartum hysterectomy was 5.2 per 10,000 births ranging from 2.6 to 10.7 per 
10,000 [6]. The most common indications were uterine atony (35.3%) followed by 
abnormally invasive placenta (34.8%) and uterine rupture (7.5%). Low and lower 
middle-income countries seem to have even higher prevalence [5].

Definitive management of the PAS disorders is considered in a majority of 
women, and even today, it is the preferred option in surveys conducted among mem-
bers of the Society for Maternal-Fetal Medicine (SMFM) and FIGO expert panel [7, 
8]. Caesarean hysterectomy is still regarded as the preferred treatment by the 
SMFM, Royal College of Obstetricians (RCOG) and Gynaecologists, FIGO and the 
International Society for Placenta Accreta Spectrum (IS-PAS), when preservation of 
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fertility is not an issue [9–11]. It should be the preferred option especially in women 
with a PAS disorder with invasion of the parametrium or the uterine cervix, or 
women with an extensive invasion of the uterine wall by the placenta [10]. In a 
recent systematic review of 7001 cases of a PAS disorder, the pooled estimate for 
peripartum hysterectomy was 52.2% [12]. This procedure may be associated with 
high morbidity, ranging from postpartum haemorrhage to maternal death, including 
urinary tract, bowel or pelvic vessel injuries.

In this chapter, we discuss the definitive surgical management of PAS disorders, 
looking at preoperative planning and the surgical steps required to optimize 
outcomes.

 Preoperative Preparation

The management of a PAS disorder involves careful preoperative planning and 
preparation to reduce the associated morbidity and mortality. Although the inci-
dence of this pathology is growing, each centre may face the challenge of dealing 
with a limited number of cases, each one requiring an important level of expertise. 
The literature is consistent in defining the essential role of a multidisciplinary team 
in the management of PAS cases, and there is compelling evidence that after the 
introduction of a strict protocol with a multidisciplinary and experienced team, 
maternal and neonatal outcomes improve considerably, with women being less 
likely to require large volume blood transfusion, intensive care unit admission and 
reoperation within 7 days of delivery [13–20]. It is essential to understand that even 
in the best-case scenario, these patients must be considered as a real challenge. An 
obstetrician department with expertise in ultrasound and magnetic resonance imag-
ing (MRI) of the placenta is essential for an accurate diagnosis, as there is evidence 
that an antenatal suspicion of a PAS disorder is associated with better maternal and 
foetal outcomes [21, 22]. Outcomes are also reportedly better in situations with 
planned delivery when comparing to emergent surgeries [21, 22]. It is essential to 
highlight the role of an experienced team, supporting the obstetric department: (a) 
anaesthesiology, with experience in approaching pregnant women and able to deal 
with situations of great haemodynamic instability and the need for massive blood 
transfusion; (b) gynaecological oncology, with skills in difficult pelvic surgery; (c) 
urology, to assist in cases of bladder involvement and reducing the risk of iatrogenic 
lesions of the urogenital tract; (d) the blood bank considering the high haemorrhagic 
risk, especially in cases with deep trophoblastic invasion, due to the eventual need 
for transfusion of blood derivatives and possible activation of a massive transfusion 
protocol; (e) interventional radiology for endovascular arterial occlusion in a situa-
tion of critical haemorrhage or for embolization of the uterine arteries; and (f) an 
intensive care unit prepared to receive critically ill patients. Also noteworthy are the 
roles of pathologists in the evaluation of hysterectomy specimens, essential to vali-
date and clarify the diagnosis of a PAS disorder, and of neonatal intensive care units, 
considering that delivery is usually planned for the late preterm period. It may be 
reasonable to schedule early admission of the patient, in order to prepare the surgery 
and get all the support of the dedicated team and of the blood bank.
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Late preterm delivery is recommended between 34 0/7 and 36 6/7 weeks of ges-
tation [9–11]. A decision analysis indicates that delivery at 34 weeks of gestation 
may be optimal, balancing neonatal outcomes and the risk of maternal complica-
tions [23]. However, each case should be assessed individually, and it is adequate to 
adopt an expectant attitude until 36 weeks of gestation towards a pregnant woman 
with no vaginal bleeding or uterine contractions, no previous preterm birth or pre-
mature rupture of membranes and probably a more expeditious delivery in cases of 
women with some of these risk factors.

The decision to administer corticosteroids for induction of foetal lung maturity 
prior to delivery depends on each centre’s local guidelines. While there is reason-
able evidence for some benefits of its use in the late preterm group, there is still 
some controversy regarding its use [24, 25].

All patients should be screened for anaemia at the initial obstetric visit, and at 
any time of admission. The aim is to maintain a haematocrit above 30% with routine 
supplementation of iron and folic acid. Prevention of anaemia preoperatively is 
associated with decreased transfusion requirements. If anaemia is identified, a com-
plete evaluation should be performed to adequately define its aetiology. It is essen-
tial to exclude iron deficiency and blood loss. Parenteral iron therapy is considered 
for those patients with iron deficiency anaemia who cannot tolerate or are noncom-
pliant with oral therapy. Erythropoietin-stimulating agents and blood transfusions 
should be considered for patients with severe (haemoglobin <8 g/dL) or persistent 
anaemia.

 Anaesthesia

Anaesthetic assessment preoperatively is essential. A thorough obstetric history 
should identify disorders that could affect intraoperative physiology and coagula-
tion, including preeclampsia, thrombocytopenia and obstetric cholestasis, which 
may warrant further investigation. Previous anaesthetic experiences and difficulties 
should also be assessed. Preparation of surgery includes large-bore cannula (16G or 
14G) and urinary catheter placement. The decision for general or regional anaesthe-
sia should be shared with the patient and the multidisciplinary team. There is scarce 
evidence to favour one method over another. Regional anaesthesia confers some 
known advantages, from providing a more satisfactory maternal birth experience, 
minimizing uteroplacental drug transfer, avoiding airway manipulation and provid-
ing postoperative analgesia. Some studies reported less blood loss with regional 
anaesthesia compared with general anaesthesia in caesarean deliveries [26]. One 
potential drawback is the need for emergent conversion for general anaesthesia. In 
the event of epidural anaesthesia, it should be placed in the beginning of surgery, as 
it provides analgesia for other surgical steps (like ureteral stents or vascular cathe-
terization). An induction of general anaesthesia would be the preferred option in 
cases where a difficult intubation is expected, where regional anaesthesia is contra-
indicated or when the patient states a preference. Also, in cases with antepartum 
bleeding, with higher risk of massive haemorrhage, it may also be the preferred 
option. Another choice is to perform a hybrid approach, with regional anaesthesia 
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until baby delivery and general anaesthesia onwards. Ideally, it should be possible 
to induce anaesthesia, insert the artery balloon catheters and perform surgery in the 
same room.

 Surgical Management of an Antenatally Suspected Case

Caesarean hysterectomy due to a PAS disorder may be particularly challenging, 
because of the abnormal vascularization with extensive collateral circulation and 
obliteration and distortion of the tissue planes, the possibility of partial organ resec-
tion and the potential for haemodynamic instability. Furthermore, this particularly 
defying surgery is even more difficult in the narrow space provided by the bony 
pelvis. Even in cases of placenta accreta or increta, there may exist distended and 
engorged vessels that could cause significant bleeding.

Preoperative planning is essential when placental abnormalities are suspected. 
Ultrasound and MRI images should be reviewed, and the possibility of bladder, 
cervical, parametrium or bowel invasion should be discussed. After adequate anaes-
thesia, consideration should be given to the placement of ureteral catheters. 
Cystotomy and ureteral injury are relatively common. Bladder injury may occur in 
approximately 7–48% of cases, and the rate of ureteral injury is around 2–6%, but 
may be as high as 18% [26]. According to a systematic review, placement of ureteral 
stents reduced the risk of lesion of these structures from 33% to 6%, during hyster-
ectomy due to a PAS disorder [27]. The placement of ureteral stents may be espe-
cially useful in the presence of significant bleeding, making it easier to identify the 
ureters and prevent injury. Also, while placing the catheters, cystoscopy will allow 
the identification of signs of bladder mucosa invasion. Although a recent small ret-
rospective cohort study concluded that ureteric stent placement did not reduce ure-
teral lesion during caesarean hysterectomy [28], the IS-PAS consensus opinion, 
even without a robust evidence, states that ureteric stents may be useful, especially 
in cases of placenta percreta, a recommendation similar to the one provided by the 
SMFM and FIGO [9–11, 26].

There is some controversy regarding the placement of balloon catheters in the 
pelvic vasculature, namely, in the internal or common iliac arteries or even the infra- 
renal aorta. This discussion is out of the scope of this chapter as it will be fully 
covered in another chapter of the book.

Regarding surgical incision, although there are no adequate comparative data as to 
which incision should be used, a vertical midline incision is typically performed, 
especially in cases of strong suspicion of a PAS disorder (Fig. 7.1a). It allows maximal 
exposure, facilitates an incision in cases of placenta percreta extending high up the 
uterine wall and allows exploration of the upper abdomen, pelvic sidewalls and retro-
peritoneum. Other options such the Maylard or Cherney incision, or a a curvilinear 
modified transverse incision (as proposed by Soleymani et al.) may also be considered.

It is essential to inspect the abdominal cavity and look for placental invasion of 
the bladder, bowel or parametria, as well as abdominal adhesions due to the 
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Fig. 7.1 (a) Midline vertical incision. (b) Uterine exposure and inspection of abdominal and pel-
vic cavities. (c, d) Uterine fundal incision for baby delivery. (e) Hysterotomy closure after umbili-
cal cord clamping. (f) Opportunistic salpingectomy with a vessel sealing device. (g, h) Meticulous 
dissection of the vesico-uterine space; the uterus is pushed cephalad exposing the paravesical 
spaces, without disturbing the placental vasculature; the ureter is referenced in Figure h, making it 
safer and easier to complete this dissection
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previous surgeries (Fig. 7.1b) Uterine incision should be high, avoiding the placen-
tal position (if necessary, intraoperative ultrasound may be performed). We suggest 
a fundal transverse incision (Figs. 7.1c–e), as reported by Matsubara et al., closing 
the incision after delivery of the baby [29]. If an antenatal diagnosis of a PAS disor-
der is uncertain, or if there is no clear invasion of the placenta into the uterus, it is 
reasonable to wait for spontaneous placental separation. In case of absence of pla-
cental separation, or gross placental invasion, it should be left in situ, the uterine 
incision closed and the hysterectomy performed. Attempts at forced placental 
removal often result in profuse haemorrhage and are strongly discouraged [9, 11, 
26]. The use of uterotonics after the delivery of the baby will increase uterine con-
tractility and may provide some separation of a partially adherent/invasive placenta, 
leading to increased blood loss. As a consequence, and following the IS-PAS and 
FIGO recommendations, uterotonics should not be used unless there is total placen-
tal separation and a PAS disorder is excluded [10, 26].

The recently published WOMAN Trial demonstrated that the administration of 
the antifibrinolytic, tranexamic acid, significantly reduced death due to obstetric 
haemorrhage when compared to placebo [30]. It is documented that its administra-
tion immediately after caesarean delivery significantly reduces intraoperative blood 
loss without significant side effects [26]. As a consequence, and although no studies 
specifically examined its efficacy in the management of a PAS disorder, its use 
seems justified in such high-risk surgery.

After the discovery of the tubal origin of some ovarian carcinomas (the tubal 
precursor lesion being the serous tubal intraepithelial carcinoma), it is adequate to 
perform opportunistic salpingectomy during hysterectomy without increasing the 
morbidity of the surgery. This recommendation, proven to be both safe and cost- 
effective, is supported by international guidelines [31–35]. These procedures may 
be performed either with simple suture and ligation or with a vessel sealing device 
(Fig. 7.1f). It is essential to avoid excessive upward traction on the uterus, which 
may cause significative bleeding.

Proceeding to the hysterectomy, it should be performed in the traditional way, 
starting by the division of the round ligaments. Once these procedures have been 
completed, it is important to gain wide access to the retroperitoneum and isolate the 
ureters; they should be easily identified if stents were placed previously. It may also 
be useful to isolate the internal iliac vessels and to identify the uterine artery at its 
origin. It can be easily accomplished at this point as, without any placental disrup-
tion, major blood loss is not expected.

Then, an approach should be made to the vesico-uterine space; access may be 
gained by a lateral or central approach, according to surgeon’s preference and ease 
of access, and the bladder should be dissected away from the uterus until the blad-
der is at the anterior vaginal fornix level. This step may be very difficult, depend-
ing on the extension of invasion by the placenta. Meticulous dissection is crucial 
and intentional cystotomy may be necessary (Figs.  7.1g, h). This step is most 
commonly associated with important bleeding in cases with anterior placental 
invasion. Filling the bladder with a saline solution/methylene blue (either before 
or during surgery) may be important to help decrease surgical urological 
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morbidity [29, 36–38]. It may be useful in helping to clearly identify the bladder 
top, avoiding inadequate dissection and making haemostasis easier. In cases of 
obvious bladder invasion, intentional cystotomy and cystectomy are easier and 
more feasible than trying to dissect the placenta away from the bladder [14, 38, 
39]. Typically, this causes massive bleeding due to the engorged vessels, eventu-
ally ending up in cystectomy in the majority of cases, but with greater morbid-
ity [26].

Continuing with the hysterectomy, the uterine arteries should be ligated as close 
to their origin from the anterior division of the internal iliac artery as possible. 
Dissection should be continued along the cardinal ligament until the uterus is freed 
to below the level of the placental attachment. After gaining access to the vagina, the 
uterus should be completely freed and removed. This is also a key moment in the 
surgery. It should be performed very carefully, especially in cases of cervical inva-
sion that can make this a particularly challenging moment. Closing of the vaginal 
edge should be done in the traditional way and afterwards, haemostasis should be 
thoroughly reviewed. Some different surgical techniques have been proposed, 
mainly performed in a few cases, like a posterior uterine approach or the use of dif-
ferent sealing devices [40, 41].

Although scarce, the available evidence does not suggest that subtotal hysterec-
tomy reduces morbidity and mortality when compared with total hysterectomy. The 
type of hysterectomy should be chosen according to the surgical team’s experience 
and clinical scenario. In cases of a PAS disorder with cervical invasion, total hyster-
ectomy should be the preferred treatment.

During surgery for a PAS disorder, the surgical team must be prepared to face 
abnormal bleeding, which may range from life-threatening to less severe. If 
tranexamic acid was not used previously, it may be reasonable to use its therapeutic 
dose in such cases. Although evidence is not strong enough to adequately conclude 
which is the best surgical method in cases of bleeding from a PAS disorder, there are 
some procedures that have been used. The internal iliac arteries may be ligated to 
decrease pelvic circulation, with conflicting results in the literature, but especially 
useful in situations where interventional radiology is not readily available; benefits 
are only temporary due to the extensive collateral vascularization during pregnancy 
[10, 38]; balloon occlusion of the internal iliac, common iliac or abdominal aorta 
has also been used with mixed results [42]; and vascular compression (mainly of the 
infra-renal aorta) can be used as a temporary measure to gain time until performing 
complete definitive treatment. Pelvic packing may be a life-saving measure in 
patients with uncontrollable haemorrhage; packing may be left in for 24 h to allow 
for optimization of clotting and haemostasis [10, 11].

There has been recent interest in the provision of a balanced transfusion regimen 
similar to that seen in the management of major trauma, aiming for a 1:1:1 ratio of 
packed red blood cells, plasma and platelets, especially in cases of a PAS surgery. 
Autologous cell salvage is an option to minimize allogenic red blood cell transfu-
sion in select patients, such as those with high risk of massive obstetric haemor-
rhage, previous anaemia and rare blood types and/or those who refuse to take such 
products including Jehovah’s witnesses [26]. Timely articulation with the blood 
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bank is of extreme importance in case other clotting factors are needed, should a 
massive haemorrhage or a disseminated intravascular coagulopathy appear.

There is also conflicting evidence regarding delayed hysterectomy (leaving the 
placenta in the uterus at the time of delivery, with the intention of performing a 
hysterectomy later, in an attempt to reduce uterine perfusion) when compared to 
immediate hysterectomy [20, 43]. By allowing some resorption of the placenta, 
decrease in vascularity and involution of the uterus, defenders of this strategy argue 
that later surgery is easier. However, there is an associated risk of coagulopathy, 
haemorrhage and sepsis during the interim period. Patients should be alerted to 
these risks and need to be compliant with a rigorous follow-up, while the institution 
must be prepared for emergency hysterectomy and massive bleeding management. 
Delayed hysterectomies may be performed between 3 to 12 weeks postpartum [26]. 
Delaying hysterectomy in complex cases may reduce other surgical morbidity, 
especially in cases of a previously undiagnosed PAS disorder, with a surgical team 
without experience in managing these cases. In a systematic review of urinary tract 
injury rates with PAS disorders, there were no reported unintentional urological 
complications in nine cases of delayed hysterectomy; however, the sample size was 
too small to draw definitive conclusions. Intentional cystotomy and partial cystec-
tomy were still required in one third of the cases [27]. Some cases of delayed hys-
terectomy performed by laparoscopy and even robotic surgery allow a better 
visualization of the surgical field with better haemostasis and enhanced recovery 
[44–46].

Lastly, it is important to consider some general recommendations:

 (a) During surgery, the patient should be kept warm (either by patient warming 
devices or warmed intravenous infusions, or both). Inadvertent hypothermia 
causes inhibited platelet function, impaired coagulation and increased bleeding 
and is associated with an increased incidence of wound infection.

 (b) Perioperative euvolaemia is also essential (avoiding excessive fluid infusion).
 (c) Re-dosing of antibiotics in case of important blood loss or a prolonged surgery 

should also be considered.

 Surgical Management of an Unexpected Case

In some situations, a PAS disorder may be obvious after entry into the abdomen, 
with the visualization of placental tissue at or beyond the uterine wall, extension 
into other pelvic organs or abnormal and highly exaggerated vascularization. It is 
essential to assess important active bleeding, the extent and location of placental 
invasion and the surgeon’s expertise and available resources. In a stable situation 
(both foetal and maternal) without adequate clinical resources or expertise, it may 
be reasonable to close the abdominal wall and consider transfer to a reference cen-
tre; in a case with maternal stability but with foetal compromise, it may be possible 
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to make a uterine incision remote from the placenta, deliver the baby and close the 
hysterotomy without disturbing the placenta and transfer the patient to a reference 
centre [9, 11]. If it is possible to gather an experienced team in time, it may also be 
possible to delay the uterine incision until there are adequate conditions to continue 
surgery.

In the case of an unstable patient, it is mandatory to proceed with surgery; fluid 
and blood resuscitation should be started as needed and infra-renal aortic compres-
sion may be a relatively simple technique that proves life-saving. It is also funda-
mental, at the same time, to bring together multidisciplinary team, including 
interventional radiology (if available), urology and the blood bank.

 Postoperative Considerations

Depending on the length of surgery, blood loss and perioperative complications, the 
patient may need intensive haemodynamic monitoring, which can be provided in an 
intensive care unit. Patients should be closely monitored for blood loss, fluid over-
load, signs of infection and unnoticed complications (bowel, urinary). Clinical sur-
veillance for any signs of organ failure is also important. Lastly, attention to the 
small but real possibility of Sheehan syndrome is warranted, given the clinical 
scenario.

 Surgical Morbidity

Hysterectomy for a PAS disorder may be associated with important morbidity. As 
explained, blood loss is an important source of morbidity. A recent meta-analysis 
including data from over 7000 cases of PAS disorders reported a 46.9% incidence 
of haemorrhage requiring transfusion, with reports of a maximum volume loss of 
20  L [12, 14, 47]. Coagulopathy is another serious morbidity that needs to be 
addressed and prevented aggressively. There are also several complications that 
may appear related to blood transfusions, ranging from a simple febrile reaction to 
circulatory overload with the risk of multiorgan failure. Infectious complications 
are rare nowadays. There are also specific complications associated with interven-
tional radiology procedures, which are addressed in another chapter of this book. 
Bladder injuries are the most common intraoperative complication during surgery 
for a PAS disorder. Unintentional urinary tract injuries are described in 29% of cae-
sarean hysterectomies, with 76% of these being bladder lacerations and 17%, ure-
teral injuries [27]. Major risk factors for urinary tract injury are the depth of placental 
invasion and intraoperative blood loss. Injury to other abdominal organs, such as the 
bowel, pelvic vessels and nerves, is rarer and also dependent on the extent of pla-
cental invasion and intraoperative haemorrhage.
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Other intraoperative and perioperative complications include wound complica-
tions, reoperation, venous thromboembolism, pelvic abscess and prolonged hospital 
admission.

Very low mortality rates are possible in centres with expertise with these cases, 
essentially with antenatal diagnosis and multidisciplinary management [12]. Main 
risk factors for mortality are the depth of invasion, the availability of antenatal diag-
nosis and the presence of an experienced multidisciplinary team.

 Psychological Impact

Postpartum hysterectomy due to a PAS disorder may be associated with a profound 
psychological impact. From the loss of fertility to the fear of death or other out-
comes, women may be significantly affected by a diagnosis of a PAS disorder. 
Assessing psychological morbidity may be challenging in a condition like a PAS 
disorder. According to a small study reporting answers from 32 women submitted 
to surgery due to a PAS disorder, 70% of women indicated that diagnosis and treat-
ment had created an emotional burden; 23.3% reported that establishing a bond with 
the newborn had been disturbed; and almost one third of the women reported the 
need for psychological support after surgery for a PAS disorder (half of the women 
submitted to caesarean hysterectomy) [48]. In another prospective study, using two 
validated survey tools, women with PAS at 36  months after surgery were more 
likely to report grief/depression and anxiety. During the majority of the study period, 
women were also more likely to report dyspareunia (around 50% of the study popu-
lation). Regarding the quality of life evaluation, women with PAS reported lower 
scores in physical and social functioning domains at 36 months postpartum [49].

Situations of emergency postpartum hysterectomy show significant psychologi-
cal impact, as well as sexual dysfunction [50]. As a consequence, the psychological 
impact of a caesarean hysterectomy for a PAS disorder is not unexpected. 
Practitioners should be aware and thoroughly investigate women’s well-being after 
surgery and provide the adequate psychological support.

 Conclusion

Caesarean hysterectomy is still the most widely performed treatment for a PAS 
disorder. It is clear that a multidisciplinary approach is associated with the best 
outcomes. Preoperative planning and a surgery performed by a team with adequate 
expertise is the key to preventing complications. With an adequate approach, blood 
loss and other surgical morbidities may be very much reduced.
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Chapter 8
Conservative Management of Placenta 
Accreta Spectrum

Ismet Hortu, Elif Yagmur Erdem, and Ahmet Mete Ergenoglu

 Definition

Placenta accreta spectrum (PAS) is a high-risk pregnancy condition resulting from 
abnormal adhesion of placental villi to myometrium. This spectrum, previously 
known as morbidly adherent placenta, includes different adhesion intervals: pla-
centa accreta (trophoblasts are in contact with myometrium), placenta increta (tro-
phoblasts invade myometrium), and placenta percreta (trophoblasts have passed the 
myometrium layer and in some cases cause invasion of adjacent tissue) [1, 2]. 
Although it is a newly defined term by FIGO, in association with increasing rates of 
cesarean delivery, today PAS is the most common reason for both hysterectomy 
associated with cesarean delivery and peripartum hysterectomy [3]. As it is a condi-
tion associated with high maternal morbidity and mortality rate, diagnosis and treat-
ment of PAS is very important. The exact definition of the clinic of this condition 
before birth improves maternal and neonatal outcomes by ensuring patient’s man-
agement by a multidisciplinary team with expertise.

Many hypotheses have been proposed to explain why and how PAS occur. The 
widely accepted hypothesis is that this process occurs with the iatrogenic defect at 
the endometrium-myometrial interface causing uncontrolled and excessive tropho-
blast invasion, loss of the normal structure of the decidua in the uterine scar area, 
abnormal vascularization, and secondary localized hypoxia [1].
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 Risk Factors

Although ultrasound is an indispensable evaluation in the diagnosis of PAS, the 
absence of ultrasound findings does not exclude the diagnosis. Therefore, clinical risk 
factors are equally important to ultrasound as a predictor of PAS [1]. Placenta previa 
is the most important risk factor for PAS and at one time was considered necessary 
for the diagnosis [4]. With placenta previa being the most important risk factor, the 
most common risk factor is previous cesarean delivery, which is responsible for the 
increase in the incidence of PAS [5]. Other risk factors include advanced maternal 
age, multiparity, and previous uterine surgery including endometrial curettage and 
assisted reproductive techniques [6], and with increased uterine conservation, previ-
ous retained placenta or placenta accreta has become a significant risk factor [4].

 Clinical Presentation and Diagnosis

Antenatal diagnosis of the placenta accreta spectrum is very important and highly 
desirable because appropriate multidisciplinary clinical decisions can be made 
based on prenatal diagnosis, and potential maternal morbidity and mortality can be 
minimized with delivery in a level 3 maternal care facility [7]. Obstetric ultrasonog-
raphy is the primary diagnostic modality for antenatal diagnosis with high specific-
ity and sensitivity [8].  Women with relevant risk factors (e.g., one or more previous 
cesarean sections, placenta previa) should raise strong suspicion of PAS, and in this 
case, further investigation of the placental bed and ultrasound evaluation at the spe-
cialized center is required (Fig.  8.1) [9]. MRI can be of help if ultrasonography 
alone is inconclusive [10].  While clinical diagnosis can be made through inspection 
of the external surface of the uterus, confirmation can only be made after histo-
pathological examination [11].

Fig. 8.1 Transabdominal 
sonographic view of 
placenta previa; color 
Doppler shows 
hypervascular 
placental bed
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 Management

Management of patients with PAS varies greatly based on personal experience, 
expert opinion, and clinical judgment. There are very few studies examining the 
management of PAS, and most of the information to guide the management are 
obtained from retrospective cohort studies and case series. Patients with suspected 
PAS should be informed about the diagnosis and all possible risks (e.g., blood trans-
fusion, cesarean hysterectomy, need of maternal-fetal intensive care unit), and the 
patient’s wishes should be taken into account in the management [12]. The main 
purpose in the management of PAS is to inform the patient (informed consent) and 
to develop a preoperative plan for the most appropriate intervention to reduce sig-
nificant morbidity and potential mortality.

 Timing of Delivery

Delivery should be planned when the necessary multidisciplinary team and facili-
ties are provided in the most appropriate way. If there is no multidisciplinary team 
consisting of maternal-fetal medicine specialists, anesthesiologists, neonatologists, 
interventional radiologists, blood bank, nursing personnel, and support services at 
the place where the patient is planned to deliver, the patient should be transferred to 
the tertiary facility that has the capacity to manage possible major intraoperative 
bleeding in the most effective way and to provide postoperative maternal and fetal 
intensive care [12]. In a decision analysis to compare strategies for the timing of 
delivery in individuals with placenta previa and placenta accreta, planned delivery 
at 34 weeks of gestation resulted in the highest quality-adjusted life years under the 
base case assumptions [13]. In cases with a history of preterm labor, bleeding and 
contraction, or preterm premature rupture of membranes (PPROM), delivery can be 
provident before 34  weeks of gestation [3]. However, in asymptomatic placenta 
previa cases whose clinical and imaging findings indicate a low risk of PAS, deliv-
ery may be delayed until 35 or 36 weeks [3]. Delivery beyond 36 weeks of gestation 
is not recommended to avoid urgent delivery that may result in high morbidity and 
mortality, to prevent deeper invasion, and to allow conservative treatment planning 
[14]. In addition, considering that approximately half of women who are more than 
36 weeks require urgent delivery for bleeding, the positive effects of the expected 
management on fetal maturation after this week of gestation decrease [12].

 Cesarean Delivery and Hysterectomy

The most generally accepted approach to placenta accreta spectrum is planned 
cesarean hysterectomy [1]. The abdominal incision may be in the form of an infra-
umbilical midline incision or a Pfannenstiel. The choice between the two should be 
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Fig. 8.2 Invasive placenta 
with increased vascularity 
that can be seen 
macroscopically during 
laparotomy

based on preoperative placental mapping by ultrasonography and operator’s experi-
ence, and the uterine incision is done away from the placental bed and hysterectomy 
is initiated after fetal delivery [15]. Since there may be aberrant vessels in the ure-
terovesical junction in PAS cases, not defining the bladder borders properly and 
making an erroneous high incision can cause risky consequences such as vascular 
damage and severe bleeding (Fig. 8.2) [15]. By inserting a preoperative three-way 
Foley catheter and filling the bladder with methylene blue during surgery, the border 
of the bladder is determined, and it is aimed to reduce the risk of urological 
injury [15].

Hysterectomy is also not considered a risk-free approach. It has some disadvan-
tages include bladder or bowel injury, fistulas, and massive bleeding, which may 
occur as the abnormal invasive placenta can receive the blood supply from the ves-
sels originating from the upper segment of the vagina [11]. Collaboration with the 
blood bank is very important, as the risk of bleeding is high during this approach 
and large volume blood transfusion may be required [15]. Besides the physical loss 
of the uterus due to hysterectomy, there are also psychological negative effects. 
Since the uterus is associated with fertility and femininity by many women, women 
perceive hysterectomy as a loss of female identity [10, 16].

 Conservative Management

Conservative approaches in the treatment of PAS include strategies aimed at avoid-
ing hysterectomy, preserving fertility, as well as reducing maternal morbidity and 
mortality [15]. Conservative management includes four different methods: (1) extir-
pative treatment, (2) leaving placenta in situ known as expectant management, (3) 
one-step conservative surgery, and (4) Triple P procedure [17].
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 I. Extirpative treatment: This is a procedure in which the placenta is manually 
removed during surgery [18]. The main purpose of this approach is not to leave 
the placental tissue in the uterus, which is seen as one of the first steps in man-
aging postpartum hemorrhage, and at the same time to preserve the uterus [19]. 
However, most surgeons specializing in the management of PAS disorders con-
sider that attempts at manual removal of the placenta should be avoided as 
forced removal of the placenta will be associated with massive hemorrhagic 
bleeding [20].

 II. Leaving the placenta in situ: In this approach, also called expectant manage-
ment, umbilical cord ligated close to its placental insertion after delivery of the 
baby, the hysterotomy is closed in the standard fashion with leaving the pla-
centa in situ without any attempt to remove the placenta [20]. The main purpose 
of this method, which is firstly applied in cases with hysterectomy cesarean 
section with high complication risk, is to avoid morbidities associated with hys-
terectomy such as massive hemorrhage and to preserve fertility [17]. By leaving 
the placenta in situ, the placenta is progressively and spontaneously separated 
from the uterus secondary to decreased blood circulation in the uterus and 
necrosis of villous tissue [19]. Since the placenta remains in the uterus, compli-
cations such as infection, coagulation disorders, and even fistula, peritonitis, 
uterine necrosis, and septic shock may occur later [8]. Adjunctive procedures 
such as the use of methotrexate, prophylactic uterine artery embolization, and 
hysteroscopic resection of retained tissues have been proposed to hasten pla-
cental resorption and reduce these complications [17]. The time to a spontane-
ous resolution ranges from 4  weeks to 9–12  months, with a mean of 
6 months [20].

II a. Gentle attempted removal of the placenta: It is possible to remove the 
“non-accreta” placental part in cases of PAS disorders visibly limited to a small 
part of the uterine wall, or false-positive PAS cases without clinical evidence, 
where bleeding can be stopped with compression sutures [20]. However, 
because of the risk of massive obstetric bleeding and the need for urgent hyster-
ectomy, a multidisciplinary team should be available and ready [19].

II b. Methotrexate adjuvant treatment: Compared to early pregnancy period, 
the low rate of trophoblast cell cycle decreases the effectiveness of methotrex-
ate in the late period. In addition, side effects such as neutropenia and medul-
lary aplasia due to methotrexate use increase the occurrence of complications 
such as secondary infection that may occur due to the placenta being left in situ 
[17]. The only case of maternal death reported after conservative treatment was 
attributed to the development of myelosuppression, nephrotoxicity, and septic 
shock due to the application of methotrexate into the umbilical cord [18].

II c. Hysteroscopic resection of retained placental tissue: In a retrospective 
multicenter study conducted by Sentilhes et al., involving 167 women and 131 
of whom had successful conservative treatments, hysteroscopic resection or 
curettage or both were used to remove the retained placenta in 29 (25%) cases, 
at median of 20 weeks (range 2–45 weeks) after delivery [18]. In a series of 23 
women with PAS who received conservative treatment in which the placenta is 
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left in situ, 12 patients with retained placenta tissue had persistent bleeding or 
pelvic pain and undergo hysteroscopic procedures [21]. Complete resection 
was achieved in 5 of these 12 patients after the first procedure, 2 patients after 
the second procedure, and 4 patients after the third procedure, but 1 patient 
required hysterectomy due to persistent bleeding and anemia after the first pro-
cedure [21].

II d. Prophylactic uterine embolization: Such techniques as stepwise uterine 
surgical devascularization, bilateral uterine or hypogastric artery surgical liga-
tion, iliac artery embolization, or balloon occlusion are performed together with 
interventional radiology in prophylaxis and active treatment of bleeding during 
the conservative treatment of PAS [19]. With these interventions, the surgeon 
can reduce intraoperative blood loss, prevent secondary bleeding with prophy-
lactic development, and increase the rate of placental resorption [19]. However, 
this technique is also associated with significant maternal morbidity; major 
complications include puncture site hematoma, femoral arterial pseudoaneu-
rysm, vascular damage, thromboembolic events, abscess, uterine necrosis, leg 
ischemia, and ischemic injury to the femoral nerve [15]. Larger studies are 
needed to demonstrate the safety and efficacy of these adjuvant techniques in 
the treatment of PAS disorders.

 III. One-step conservative surgery: This procedure aims to reduce bleeding and 
restore the uterine anatomy to minimize recurrence of PAS in the next preg-
nancy [8]. One-step conservative surgery was first described in 2004 by Palacios 
et al. In a series of 68 cases with anterior placenta percreta [22], applied elec-
tively in 49 patients and urgently in 19 patients, this technique allowed resec-
tion of the invasive myometrium when 50% or less of the anterior uterine 
circumference was involved. Hemostasis was achieved with selective vascular 
ligation, brace or box sutures, and fibrin glue. After the excision, myometrial 
defect, myometrial suture, fibrin glue, and polyglycolic mesh were repaired. 
The uterus was preserved in 50 (74%) of 68 women, and hysterectomy was 
required in 18 cases (26%). Of the hysterectomies, 16 were indicated for mas-
sive destruction and two were helpful for coagulopathies. Of the 42 cases, ten 
became pregnant and these pregnancies resulted in an uncomplicated cesarean 
section. The following surgical complications have occurred in the cases: pelvic 
bleeding (one), coagulopathies (two), uterine infection (three), low ureteral 
ligations (two), iatrogenic foreign bodies (two), and collection (three). In con-
clusion, this approach may not be suitable in patients with extensive invasion, 
but it has allowed an adequate uterine repair in cases of anterior placenta 
 percreta with a defined area of   focal involvement. This technique can also be 
advantageous for low- and middle-income countries where it is not possible to 
access expensive additional treatments such as interventional radiology [16, 19].

 IV. Triple P procedure: This procedure aims to reduce the morbidity associated 
with PAS hysterectomy [8]. The Triple P procedure, first described by 
Chandraharan et al., constitutes three main steps: (1) perioperative determina-
tion of the superior border of the placenta by transabdominal ultrasonography, 
(2) preoperative placement of intra-arterial balloon catheters and pelvic devas-
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cularization, and (3) no attempt to remove the entire placenta with large myo-
metrial excision and uterine repair [11]. Interventional radiology plays a role in 
the realization of this technique in which hemostasis is achieved by placing 
prophylactic occlusive balloons in the internal iliac to reduce vascularity feed-
ing the placental bed before myometrial excision [11]. During excision, the 
2  cm myometrium border is preserved above the bladder edge to allow the 
myometrial defect to close and bleeding from the separated and adherent part of 
the placenta is controlled by oversewing the defect [17]. When the posterior 
bladder wall is involved, placental tissue invading the bladder is left in situ to 
avoid cystotomy or further dissection [20].

 Follow-Up After Conservative Management

Although there is not sufficient information about the length of the follow-up period, 
the patient is observed in the hospital for 8 days when the risk of bleeding and infec-
tion is the highest [17]. Antibiotic prophylaxis is applied for 5 days during this fol-
low- up. Since there is still a risk of bleeding and infection, the patient and her 
partner are informed about the need for long-term follow-up before discharge. The 
patient should be advised about emergencies such as hyperthermia, severe pelvic 
pain, malodorous vaginal discharge, and excessive bleeding. The patient should be 
called for a weekly visit during the first 2 months, and clinical evaluation, pelvic 
ultrasound, and laboratory screen for infection should be performed during the 
visit [15].

 Long-Term Considerations

The risk of recurrence of PAS depends on the procedure used in the treatment per-
formed and the number of treatments. Following the conservative treatment of PAS, 
there is a risk of uterine synechiae and amenorrhea, and the risk of uterine rupture 
is predicted in pregnancies following the treatment [20]. Although a limited number 
of successful pregnancy cases have been reported, more data are needed on this 
subject.
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Chapter 9
Adjunctive Treatment of Placenta Accreta 
Spectrum

Sohum C. Shah, Karin A. Fox, and Ahmed A. Nassr

 Introduction

In this chapter, we provide an overview about therapies that may offer benefit in 
conjunction with cesarean hysterectomy, which is the most common and definitive 
treatment of the placenta accreta spectrum (PAS). We also discuss techniques used 
as adjunctive therapies with conservative and uterine sparing management, which 
may be applied perioperatively. Specifically, we discuss the interventional modali-
ties that focus on preventing maternal hemorrhage. This includes vascular emboli-
zation, prophylactic arterial balloon occlusion, and use of the antifibrinolytic agent 
tranexamic acid. We also briefly discuss the controversy surrounding methotrexate 
and why its use is not recommended, and the investigational technique of high- 
intensity focused ultrasound (HIFU).

 Surgical Control of Bleeding

There are several different techniques that have been described for bleeding control 
in cases of PAS which include intra-arterial embolization, intra-arterial balloon 
occlusion, arterial ligation, intrauterine tamponade, and the use of uterine compres-
sion sutures.
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 Uterine Artery Embolization

Uterine artery embolization (UAE) is a procedure most commonly used to treat 
symptomatic fibroids [1]. Other indications include postpartum hemorrhage, inop-
erable gynecologic tumors, and occlusion of uterine vascular malformations [2]. 
The procedure is contraindicated in the setting of suspected gynecologic malignan-
cies, ongoing gynecologic infection, and ongoing pregnancy [3]. In the case of life- 
threatening hemorrhage, UAE may be performed regardless of the clinical scenario, 
when the benefits outweigh the risks [4]. The procedure is performed by interven-
tional radiologists. The embolic materials most commonly used for uterine or vagi-
nal hemorrhage are Gelfoam slurry, pledgets, coils, or n-butyl-2-cyanoacrylate, 
whereas particles such as tris-acryl gelatin microspheres or polyvinyl alcohol are 
used for embolization of fibroids. The procedure is performed by first gaining vas-
cular access via the common femoral or the radial artery, and passing a guidewire to 
the intended target. Angiogram is performed to map the arterial tree and to locate 
the uterine arteries. The ipsilateral anterior oblique view allows for optimal visual-
ization of the uterine artery. A 4- or 5-Fr catheter or a larger lumen microcatheter is 
placed at the transverse portion of the uterine artery, distal to the cervicovaginal 
branches, to prevent unintentional embolization of other arteries [5]. The goal of 
treatment is to slow blood flow within the uterine artery and thus decrease uterine 
perfusion pressure, rather than to cause complete occlusion of the artery. The most 
common complications of uterine artery embolization are amenorrhea and persis-
tent vaginal discharge [6]. However, given the indication for UAE in the case of 
PAS, when hysterectomy is planned and performed, these complications become 
less significant.

Arterial embolization as a treatment for postpartum hemorrhage in cases of PAS 
is supported by evidence-based data [7]. It can be used as an adjunctive therapy with 
conservative management or with hysterectomy. In a systematic review of 177 preg-
nant patients who had pelvic arterial embolization in the setting of conservative 
management, secondary hysterectomy was avoided in 90% of patients [8]. It has 
been available as a highly successful treatment modality for postpartum hemor-
rhage for years [7]. However, arterial embolization for PAS differs significantly 
from cases of postpartum hemorrhage due to uterine atony. The chaotic periuterine 
hypervascularization between the bladder and lower uterine segment in PAS is pre-
dominantly venous in nature; therefore, arterial embolization does not directly 
occlude these vessels. Additionally, periuterine fibrosis makes surgical dissection 
challenging, no matter where the vessels are located. Bugling placental tissue may 
increase the difficulty in mapping or easily accessing target arteries. Other arteries 
that may be involved in the uteroplacental vasculature are the ovarian, pudendal, 
obturator, sacral, and inferior epigastric arteries. Embolizing these aberrant vessels 
could inadvertently cause ischemic events in organs such as the bladder or bowel [9].

Most reports focus on using arterial embolization in conjunction with conserva-
tive management. In one retrospective study, median estimated blood loss (EBL), 
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transfusion requirements, and length of intensive care unit (ICU) stay were com-
pared between a UAE group that underwent UAE following delivery and prior to 
hysterectomy and a control group who received only cesarean hysterectomy. There 
was a significant difference in EBL (P = 0.04), 1500 (range 500–2000) vs 2000 
(range 1000–4500), respectively. There was not a significant difference in length 
of ICU stay or transfusion requirements. In a subgroup analysis, women with pla-
centa increta had a significant decrease in length of ICU stay (P = 0.04) and trans-
fusion requirements (P  =  0.009). Thus, the authors concluded that for placenta 
increta, UAE following cesarean delivery and prior to hysterectomy appears to be 
safe and effective in decreasing blood loss, transfusion requirements, and length of 
ICU stay compared with cesarean hysterectomy alone [10]. Other studies have 
described UAE prior to cesarean delivery; however, this poses the risks of expos-
ing the fetus to radiation, and decreasing oxygen supply to the fetus, causing the 
surgeons to rush in attempts to decrease time from embolization to delivery 
[11, 12].

 Internal Iliac Artery Ligation

Direct ligation of the internal iliac artery has been described, specifically several 
retrospective studies studying outcomes in women who had this procedure per-
formed at the time of delivery. However, in one study, with the strength of having a 
comparative group (patients who did not undergo internal iliac artery ligation), the 
authors’ conclusion could not corroborate a reduction in blood loss. In this study, 
patients with PAS who did and did not receive intraoperative internal iliac artery 
ligation were analyzed for blood loss and length of hospitalization. Among 23 cases, 
there was neither a significant difference in blood loss nor length of hospital stay 
[13]. Notably, patients who did not have cesarean hysterectomy for management 
were excluded from this study. A subsequent randomized controlled trial confirmed 
the lack of difference of estimated intraoperative blood loss in patients with PAS 
who underwent cesarean hysterectomy between groups who had internal iliac artery 
ligation and those who did not. Additionally, the group who underwent internal iliac 
artery ligation had significantly longer operative time [14].

Although internal iliac artery ligation is conventionally accepted as an effective 
means to control blood loss intraoperatively, with studies showing up to 49% reduc-
tion in pelvic blood flow and 85% reduction in pulse pressure, cesarean hysterec-
tomy in the context of PAS presents additional challenges [13, 15]. The time needed 
to achieve adequate hemostasis, presence of collateral vessels, and excess blood 
flow from other vessels (external iliac, inferior epigastric, inferior mesenteric arter-
ies) and potential occlusion of the operative field by lateral placental extension are 
all contributory factors [13]. Additionally, experience in identification of the inter-
nal iliac artery and appropriate ligation is necessary to avoid ligation and occlusion 
of more proximal vessels.
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 Endovascular Balloon Occlusion of the Pelvic Circulation

Endovascular balloon occlusion of the pelvic circulation is another strategy that has 
been increasingly attempted as an adjunct intraoperative strategy [7]. The procedure 
can be done in several ways, including occlusion of the internal iliac arteries 
(PBOIIA), common iliac arteries (PBOCIA), abdominal aorta (PBOAA), and uter-
ine arteries (PBOUA). It can be performed in conjunction with or in lieu of UAE. Of 
these, aortic balloon occlusion has been shown to be associated most consistently 
with the reduced blood loss. Conversely, balloon occlusion of the internal iliac and 
common iliac arteries has been shown to result in higher lower-limb complications 
such as claudication and thrombosis [16].

One systematic review found a statistically significant difference in blood loss 
for cesarean section and cesarean hysterectomy in pregnancies complicated by 
PAS (−310 mL, P  =  0.020) with use of PBOIIA compared to no endovascular 
intervention [16]. Additionally, the authors found reduced amount of packed red 
blood cells transfused in all patients who underwent endovascular occlusion com-
pared to those who did not during delivery (−1.54 units of packed red blood cells, 
P = 0.001). Operative time and length of hospital stay were not significantly dif-
ferent. There were, however, significant complications that arose from endovascu-
lar balloon occlusion including bladder injury, ureteral injury, disseminated 
intravascular coagulopathy (DIC), vesicovaginal and vesicouterine fistula forma-
tion, rebleeding requiring further intervention, lower limb claudication, arterial 
thrombosis, balloon rupture, access vessel pseudoaneurysm, and groin hematoma 
[16]. Based on this systematic review and another small randomized controlled 
trial, the International Society for Placenta Accreta Spectrum (IS-PAS) does not 
recommend routine use of prophylactic pelvic arterial balloon catheters (Grade B 
recommendation) [7].

 Uterine Compression Sutures

Uterine compression sutures include methods such as B-Lynch, Hayman, Pereira, 
Cho, and other techniques [17–21]. Several studies have reported the use of com-
pression sutures in conjunction with uterine artery ligation, intrauterine balloon 
tamponade, and focal resection for uterine preservation in PAS cases [22–28]. In 
a large case series, 26 women had bilateral uterine artery ligation performed, fol-
lowed by placement of a B-Lynch suture—compression achieved by suturing the 
anterior and posterior uterine walls together [23]. B-Lynch suture is well described 
as a treatment for uterine atony. The ligation was first performed with a simple 
stitch, using 1.0 chromic suture. B-Lynch was then performed, followed by 
double- layer closure of the hysterotomy. Although this technique was effective in 
preserving fertility in cases of atony and bleeding from placental remnants, the 
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limitations and drawbacks were noted. Placenta accreta spectrum and DIC were 
proposed as reasons for failure of the B-Lynch procedure. Although bleeding from 
atony was well controlled by the B-Lynch suture, there likely needs to be addi-
tional steps to control bleeding from the placental bed [23]. It is difficult to com-
ment about the use compression sutures independently, as it was used in 
conjunction with arterial ligation or other measures in most of the studies 
described above.

 Use of Tranexamic Acid

The WOMAN trial was a large, multicenter, double-blinded, placebo-controlled 
randomized controlled trial that compared tranexamic acid (TXA) to placebo to 
prevent death from all causes of peripartum bleeding [29]. 20,021 gravidae were 
included in the primary analysis, and there were 483 maternal deaths, in which 
72% of these deaths were attributed to bleeding. The study concluded that the risk 
ratio due to bleeding for patients who received 1 gram of TXA within 3 h of deliv-
ery was 0.78 (P = 0.03). In the WOMAN trial, if bleeding continued after 30 min 
of first administration of TXA or stopped and restarted within 24 h, 1 gram of TXA 
was re-dosed [29]. The risk reduction with regard to all causes of mortality was not 
statistically significant. Importantly, the risk of thromboembolic events did not 
differ between the groups, nor did the rate of sepsis [29]. The CRASH-2 trial, a 
study of trauma patients, came to the same conclusion; however, this study dem-
onstrated reduction in all-cause mortality [30]. While neither of these studies was 
specific to treatment of the PAS, given that PAS results in increased blood loss 
compared to cesarean or vaginal delivery absent PAS, and that massive transfusion 
is often required, it is plausible that early administration of TXA is reasonable 
when anticipating massive transfusion. One international PAS database study ana-
lyzed factors associated with severe postpartum hemorrhage defined as either esti-
mated blood loss >3500 mL or ≥ 5500 mL (the 75th and 95th percentiles for the 
cohort). Neither prophylactic nor therapeutic tranexamic acid use correlated with 
a difference in blood loss; however, the authors concluded that the lack of differ-
ence with therapeutic use was due to the indication for ongoing bleeding rather 
than lack of efficacy [31]. This relatively inexpensive, low-risk intervention still 
may be considered in patients with PAS and future, well-designed trials are 
needed [7].

With regard to uterotonic agents and procoagulant agents, there is not enough 
data validating their use directly related to PAS. Therefore, IS-PAS recommends 
using uterotonic agents in compliance with local policies. Hemostatic agents and 
procoagulant agents should be used at the discretion of the surgeon (class D evi-
dence) [7].
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 Investigational Therapies

 High-Intensity Focused Ultrasound

High-intensity focused ultrasound (HIFU) is another modality that has been pro-
posed for the management of PAS. HIFU is a noninvasive treatment that results in 
thermal damage directly to a targeted area without an effect on the surrounding tis-
sue. It has been used historically in the management of solid tumors [32] and more 
recently has been used for treatment of uterine leiomyomas, cesarean scar pregnan-
cies, and adenomyosis [33, 34]. A recently published systematic review of four 
articles highlighted its potential application to PAS as an adjunct to conservative 
management [35].

One study included patients who had vaginal deliveries with retained PAS only 
[36], whereas the three remaining studies included patients who had either cesarean 
delivery or vaginal delivery [37–39]. The studies had strict inclusion criteria, which 
included exclusion of patients with active postpartum hemorrhage, extensive 
abdominal scarring, and genital infection. Additionally, all studies included com-
bined treatment with uterine curettage or hysteroscopic resection, and methotrexate 
in selected cases. For the one study in which only vaginal deliveries were included, 
inclusion criteria included patients with (1) stable vital signs without active bleed-
ing or infection, (2) normal liver and renal function, (3) hemoglobin greater than 7, 
(4) residual placenta area greater than or equal to 3 cm by 3 cm but covering less 
than half the uterine cavity, (5) desire to preserve fertility and breastfeed, (6) declin-
ing surgery and chemical therapy, and (7) no prior conservative approach before 
HIFU therapy [36]. Generally, the procedure is safe, with a low incidence of com-
plications (less than 1%), and highly effective for women who strongly desire uter-
ine preservation. However, the limitations of this procedure are noticeable.

In all included studies, a HIFU system was used for the procedure. This included 
an ultrasound transducer with a generator (to produce the therapeutic energy), a 
diagnostic ultrasound imaging device, a movement system controlled by a computer 
to drive the transducer, a specialized treatment bed, and a degassed water circulation 
unit. The procedure was performed with the patient lying in the prone position, 
allowing the lower abdomen to be in contact with degassed water. The location, 
size, and shape of the residual placenta, along with adjacent organs, were then 
mapped out with assistance of the ultrasound-based computer system. The residual 
placental tissue was divided into slices of 5 mm in width, and each slice was ablated 
in 5-second bursts, from deepest to most superficial point of infiltration. Ultrasound 
scans were performed before and after the treatment, to ensure that the target area 
was captured [36].

The number of patients with PAS who may be eligible for HIFU is severely lim-
ited by the requisite strict selection criteria—patients with PAS may have significant 
adhesive disease, and are at greater risk for significant hemorrhage, and definitive 
management should not be delayed. Patients who are hemodynamically stable with 
active bleeding are generally eligible for endovascular occlusion procedures; 
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however, this is not the case for HIFU. There is a need for more evidence-based data 
to further understand the role of HIFU in PAS prior to widespread adoption.

 Methotrexate

Methotrexate therapy has been suggested as an adjuvant therapy for the conserva-
tive management of placenta accreta spectrum and is highly controversial [40]. In a 
systematic review which studied conservative management strategies, there were 17 
patients who received methotrexate. Six percent of these patients required a delayed 
hysterectomy despite treatment. There were no deaths reported in the methotrexate 
group in this study [41]; however, the route of administration of methotrexate was 
not specified. In a retrospective study performed in China, 54 women with con-
firmed placenta increta who desired conservative management received either sys-
temic methotrexate intravenously or local multipoint injection under ultrasound 
guidance. The treatment was considered successful if hysterectomy was avoided. In 
the systemic group, which included 21 patients, 4 underwent hysterectomy for 
uncontrollable postpartum hemorrhage and infection. In the local administration 
group, which included 33 patients, 8 patients needed dilation and curettage as pla-
centa was not delivered spontaneously. However, there were no instances of hyster-
ectomy in this subgroup. There were no maternal deaths in the study [42]. In a larger 
French multicenter study, there were 167 patients included who were treated with 
conservative management including methotrexate. There was one maternal death 
attributed to methotrexate therapy, when it was injected into the umbilical cord [43].

Methotrexate works by disrupting the folic acid pathway in rapidly dividing cells 
such as first and second trimester trophoblasts. Trophoblasts’ division is limited and 
does not appear to contribute significantly to placental growth in the later stages of 
pregnancy; therefore, there is no biologic plausibility for the mechanism of action 
of methotrexate, and it likely does not reduce the volume of the placenta [44]. 
Methotrexate is immunosuppressive, which can be harmful in the case of PAS, as 
patients are already at higher risk of morbidity due to longer operative time—the 
risk for infection and sepsis may be therefore be exacerbated with methotrexate 
therapy. Methotrexate can cause pancytopenia, nephrotoxicity, and toxic accumula-
tion when injected intra-umbilically [41]. Based on these risks, the IS-PAS consen-
sus guidelines strongly recommend against using methotrexate [7].

 Conclusions

Many adjunctive treatments may be used singly or in combination in addition to the 
gold standard treatment for PAS—hysterectomy. These strategies can also be used 
in conjunction with conservative management. Emerging strategies need further 
investigation and may provide a wider array of novel options for PAS management.
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Chapter 10
Prediction and Risk Reduction of Clinical 
Outcomes of Placenta Accreta Spectrum

Mohamed I. Ateya, Ahmed S. Sedik, Islam A. Ahmed,  
Mostafa H. Abouzeid, and Sherif A. Shazly

 Introduction

Placenta accreta spectrum (PAS), previously termed adherent or invasive placental 
disorder, is a major obstetric condition that may lead to detrimental maternal out-
comes [1, 2]. The magnitude of PAS has been substantially potentiated in the cur-
rent century in response to the rising trend of cesarean deliveries worldwide [3]. 
Therefore, PAS has no longer become a rare incidence, and obstetricians‘/gyneco-
logic surgeons’ exposure to PAS management experience has expended over time. 
Although the rising rate of PAS cases has been overwhelming to obstetric practice 
and health systems, it has enhanced our understanding of these disorders and 
encouraged extensive research to promote early diagnosis and facilitate evidence-
based clinical decisions [4].

In the last few decades, our understanding of PAS has considerably developed, 
including our awareness of PAS risk factors [5]. Recognition of risk factors, accom-
panied by emerging imaging expertise, has led to robust strategies of antenatal char-
acterization and early diagnosis of PAS [6]. More recently, evolving clinical studies 
proposed risk stratification systems of women with presumed diagnosis of PAS to 
predict their peripartum outcomes and contribute to counseling, decision-making, 
and management planning [7].
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In this chapter, we will primarily focus on clinical predictors of clinical out-
comes in women with presumed PAS during pregnancy, with special emphasis on 
their role in risk stratification and management decision prior to delivery.

 PAR-A (Placenta Accreta Risk–Antepartum) and PAR-P 
(Placenta Accreta Risk–Peripartum) Scores

 Score Development

PAR-A and PAR-P scores were introduced to the literature in 2020 [7]. The scores 
were originally developed using an international database, which was created for 
the purpose of that study. The database comprises antenatal, peripartum, and 
postpartum data of 727 women, recruited from 11 tertiary centers, with presumed 
PAS, which was confirmed at birth. The two scores were created using machine 
learning algorithms and were tested internally using a testing subset of the 
data [7].

 Score Components

Both scores were designed to predict significant morbidity in women with PAS, 
primarily PAS-associated massive blood loss (≥ 2500 mL). Other predicted out-
comes include maternal admission to intensive care unit (ICU) after birth and 
prolonged postpartum hospitalization. PAR-A score considers antenatally deter-
mined factors only in predicting these outcomes.  Therefore, the score can be 
calculated shortly after diagnosis is suspected in order to stratify maternal risk of 
significant adverse maternal outcomes. The most contributing factors to PAR-A 
score are number of previous cesarean deliveries, Asian ethnicity, parity, cen-
trally situated placentas, and prenatal hemoglobin level (Fig. 10.1). PAR-P score 
combines both antenatal and intrapartum factors to predict the same outcomes. 
Unlike PAR-A score which serves as a tool for risk stratification and counseling, 
PAR-P score enables testing of different management scenarios of the same 
patient in priori to predict clinical outcomes. Accordingly, PAR-P score may be 
used to decide an individualized management plan and endorse alternative strate-
gies based on intraoperative findings prior to delivery. Diagnostic modality, para-
metrial invasion, intrapartum diagnosis of PAS, bladder invasion, and uterine 
incision away from placental site yield the highest impact on PAR-P score 
(Fig. 10.2) [7].
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Fig. 10.1 Magnitude of contribution of antepartum characteristics to PAR-A score. * BMI body 
mass index, CS cesarean section, IVF in vitro fertilization, D&C dilation and curettage, IUFD 
intrauterine fetal death, US ultrasound, MRI magnetic resonance imaging

 Score Performance

In the primary study, PAR-A score predicted PAS-associated massive blood loss, pro-
longed hospitalization, and admission to ICU with an area under curve (AUC) of 0.84, 
0.81, and 0.82, respectively [7]. Recently, PAR-A score was externally validated 
through a prospective multicenter study, that was conducted by six PAS-specialized 
centers. Results were comparable to the original study; AUC of PAS-associated mas-
sive blood loss was 0.85 (95% confidence interval [CI] 0.74–0.95), and 0.88 (95% CI 
0.81–0.95) for ICU admission [8]. PAR-P score yielded AUC of 0.86, 0.90, and 0.86 
for PAS- associated massive blood loss, prolonged hospitalization, and admission to 
ICU, respectively, as reported by the original study [7].

 Score Applicability

Unlike traditional statistics, machine learning-based scores are complex and do not 
rely on straight, and fully interpretable calculations. Therefore, clinical implemen-
tation of these scores requires software applications that run the algorithm of the 
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created model and produce a final result. A tool was developed by SilverAxon® 
(SilverAxon For artificial intelligence-based medical software, Egypt), in collabora-
tion with PAR score research team [9]. Patient and disease features are provided 
through the software interface to calculate the output, which presents as a score 
from 1 to 12 depending on probability, sensitivity, and specificity of prediction of 
adverse outcomes, i.e., massive blood loss and admission to ICU, and is plotted on 
the corresponding area receiver operating characteristic (ROC) curve (Fig. 10.3).

Interpretation of the score should be made carefully since it focuses primarily on 
sensitivity and specificity. According to basic statistical understanding, sensitivity 
indicates high score ability to recognize women who would develop the outcome 
(complications). In other words, high sensitivity of, e.g., massive blood loss indi-
cates that the risk of this complication is unlikely missed and that most women 
developing the complication are recognized. Similarly, low sensitivity conveys that 
many patients who would develop massive blood loss are likely not diagnosed. On 
the other hand, high specificity denotes that development of the complication is 
highly likely, while low specificity means that most diagnosed patients are not actu-
ally at risk [10]. In practice, clinicians should cautiously consider whether they 
would prioritize high sensitivity, high specificity, or a balanced point of both depend-
ing on the nature of the condition. Sensitivity may be superior to specificity in seri-
ous and life-threatening conditions since the score should miss as few cases as 
possible, while specificity may be superior when overdiagnosis could be associated 
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Fig. 10.3 PAR-A score calculator

with significant sequences such as unnecessary interventions or high costs. In PAS 
patients, both parameters are important. Nevertheless, sensitivity is more critical. 
Overall, this information may assist risk stratification, which subsequently supports 
decision-making on managing facility, preparation for delivery, decision for hospi-
talization, and possible need for additional measures, e.g., interventional radiology.

 Disadvantages and Limitations

Since these scores were developed using retrospective databases, they acquire the 
same inherent limitations of these studies. Specifically, retrospective studies reveal 
associations between variables and the outcome, which do not necessarily indicate 
causality. For example, administration of tranexamic acid slightly contributes to 
worse outcomes according to PAR-P score [7] while clinically, administration of 
tranexamic acid should reduce the amount of blood loss in obstetric surgeries [11]. 
Whereas this should be true among women with PAS as well, administration of 
tranexamic acid may indicate significant or ongoing blood loss, which triggers its 
administration, rather than being a risk factor for massive bleeding.

In fact, these concerns are common with machine learning models, which com-
monly use retrospective studies to provide sufficiently large databases for machine 
learning algorithms. Interestingly, data scientists do not necessarily consider that as 
a limitation. Unlike conventional statistics, machine learning does not investigate or 
highlight inference between a variable and an outcome. Instead, it builds models 
that use all complex interactions between all variables, including unrecognized 
ones, to predict an outcome. Thus, it does not necessarily define understandable or 
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recognizable direct associations and should not be used for this propose. Indeed, 
they are meant to analyze the whole clinical scenario  including all linked patient 
variables [12].

Finally, institutional auditing of these scores may be necessary since estimation 
of blood loss and admission to ICU may be influenced by institutional methods and 
protocols, respectively, and score interpretation may be adjusted based on internal 
outcomes.

 Conservative Management of PAS (CON-PAS) Score

 Score Development

CON-PAS score is a new scoring system that was designed to predict probability of 
success of uterus-preserving procedures in women with PAS prior to delivery [13]. 
The score was generated using the subset of women who underwent uterine preser-
vation from the Placenta Accreta Spectrum International Database (PAS-ID), which 
was originally created to produce PAR scores [14]. Data from 587 women was 
included to develop this score using logistic regression approach [13].

 Score Components

Composition of this score is similar to PAR-P score, where both antenatal and intra-
operative factors are considered. Consequently, it predicts success of uterus- 
preserving procedures as per anticipated clinical scenarios at the time of surgery. 
The most contributing factors to this score are possibility of local uterine resection, 
number of previous cesarean deliveries, and type of uterine incision. In general, 
feasibility of local uterine resection and uterine incision away from placenta site 
contributes the most to uterine preservation success, while increasing number of 
previous cesarean deliveries and classic uterine incision are associated with 
increased risk of failed uterine preservation (Fig. 10.4).

 Score Performance

According to the original study, AUC of this model in predicting success of uterine 
preservation was 0.91. The score was internally validated using a subset of data that 
was not involved in score creation (validation cohort) and AUC for this cohort was 
0.90 [13]. Unpublished results on external validity of CON-PAS score, based on the 
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Fig. 10.4 Factors included in CON-PAS score and their magnitude of contribution

same database used to validate PAR-A score, showed that AUC of this prospective 
cohort was 0.94.

 Score Applicability

The score was built using traditional logistic regression models. However, a soft-
ware is available to determine probability of procedure success and plot the score in 
comparison to reference score ranges in women who had successful versus unsuc-
cessful uterine preservation procedures (MoggeSoft®); (MoggeSoft For medical 
software, Egypt) [15].

Although the score seems to be a unique tool to counsel women and determine 
whether they are good candidates for uterine preservation, some of the information 
used to calculate CON-PAS is only determined intraoperatively. Accordingly, it 
may be used to determine potential probability of success if certain criteria are met 
or not met during surgery. Thereby, a decision may be altered based on intraopera-
tive assessment in correspondence to previously calculated scores. For example, the 
score may indicate high probability of treatment success if local uterine resection or 
incision away from placental site can be achieved. Otherwise, hysterectomy should 
be better performed. Obviously, using the score in such a way may be complex, yet 
beneficial in certain scenarios. Also, some intraoperative findings may be antici-
pated through prenatal and intraoperative imaging.
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 Disadvantages and Limitations

Similar to PAR score, the score emerged from a retrospective study. Nevertheless, 
the score is more transparent and simple compared to machine learning-based 
scores. Therefore, association between variables and score outcome is interpretable. 
As mentioned earlier, practical applicability of CON-PAS score may not be straight-
forward since it consider alternative plans  based on intraoperative findings. In addi-
tion, PAS-ID, the original database, originated from centers that possess long 
experience in uterine preservation, and results should not be generalized to less 
experienced centers, even if calculated scores are reassuring.

 Conclusion

Recently, novel scores have been proposed to predict perioperative outcomes in 
women with PAS. Specifically, PAR scores are designed to calculate risk of adverse 
outcomes at time of cesarean delivery, while CON-PAS score predicts the chance of 
uterine preservation success. These types of scores have not previously available 
and their potential implementation is new to the field of PAS management. Wide 
application of these scores may enhance their validity as a tool that aids patient 
counseling, decision-making, and management planning.
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Chapter 11
Evidence-Based Management of Placenta 
Accreta Spectrum

Sherif A. Shazly, Ahmad A. Radwan, AlBatool M. AlMahdy, 
Mohamed I. Ateya, Mostafa H. Abouzeid, Esraa G. Sayed, 
and Gena M. Elassall

 Introduction

Since PAS was first prescribed in the first half of the twentieth century, hysterec-
tomy has been the sole management of this life-threatening disorder for several 
decades [1]. Uterus-preserving procedures have not been endorsed until relatively 
recently, perhaps in concordance with our developing understanding of risk factors 
and antenatal diagnosis, which has rendered planned delivery feasible for many 
cases. However, uterus- preserving procedures comprise a spectrum of expanding 
inconsistent techniques that are associated with variable success rates and compli-
cations [2–4]. These procedures are highly dependent on surgeon’s experience and 
dexterity, and evidence on their safety and efficacy is limited. In addition, some of 
these procedures may include manual removal of the placenta, which makes such 
procedures concerning since this may trigger extensive and life-threatening bleed-
ing. Although uterus-preserving procedures have been increasingly appraised as a 
possible alternative particularly in women who are highly motivated to maintain 
their fertility, caesarean hysterectomy remains the standard procedure and is univer-
sally recommended by internationally recognized practice guidelines especially in 
severe cases [5].
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Although evidence-based recommendations on management of PAS disorders 
have been consistently adopted by several international communities, this topic 
lacks high-quality prospective studies that would support many of these recommen-
dations [4]. This may be due to the low incidence of PAS (0.2% of all pregnancies), 
which precludes conduction of large studies [6]. Furthermore, the serious nature of 
PAS disorders creates ethical restrictions to clinical assessment of some manage-
ment approaches. In addition, many studies reflect a particular team-based practice 
on selected group of cases (case series) rather than a comprehensive and universal 
protocol to all women with PAS. Therefore, reproducibility of emerging results is 
usually doubtful. Unfortunately, external validation of any of the proposed tech-
niques, on a larger cohort or in a different setting, is rarely done. These concerns 
disrupt robustness of evidence and broaden the gap between evidence-based guid-
ance and actual practice since none of the these practice-based approaches could be 
satisfactorily studied to prove its safety and efficacy.

 Evidence-Based Recommendations on Management of PAS

 Antenatal Screening

With the rising trend of cesarean section rates worldwide, PAS is no longer consid-
ered a rare disorder. The Royal College of Obstetricians and Gynaecologists 
(RCOG) highlights the importance of identifying PAS risk factors during antenatal 
assessment [7]. Antenatal suspicion of PAS facilitates planned management, which 
yields substantially better outcomes compared to unrecognized cases diagnosed at 
the time of labor. Therefore, the Society of Obstetricians and Gynaecologists of 
Canada (SOGC) recommends routine screening of women with prior cesarean 
delivery or uterine surgery for PAS [8]. Screening can be made using ultrasound, 
which is ideally performed at the time of mid-trimester fetal anatomy scan [8]. As 
recommended by the Royal Australian and New Zealand College of Obstetricians 
and Gynaecologists (RANZCOG), suspected cases of PAS should be planned as 
confirmed PAS and should be referred to a PAS specialized center [9].

 Transfer of Care

Standard management of women with PAS should be initiated as early as suspicion 
is raised. The American College of Obstetricians and Gynecologists (ACOG) rec-
ommends immediate transfer of suspected patients to a tertiary center that has the 
facility to follow up and manage women with PAS disorders [6, 10]. Specifically, 
PAS referral centers should have sufficient and readily available blood products. 
Availability of autologous blood salvage devices is preferred. Autologous cell 
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salvage is associated with lower need for allogenic blood transfusion, with no 
increased risk of complications [11–13]. Therefore, the International Federation of 
Gynecology and Obstetrics (FIGO) recommends the use of autologous cell salvage 
when available [14]. Indeed, autologous cell salvage may be compulsory if women 
decline or cannot receive blood products, e.g., Jehovah’s Witnesses [15, 16].

Furthermore, PAS specialized centers should support PAS-directed multidisci-
plinary care, which consists of an obstetrician or obstetric surgeon, a pelvic surgeon, 
an anesthesiologist, an intensivist, a neonatologist, a urologist, a hematologist, and 
an interventional radiologist [17]. Multidisciplinary structure, involved in decision- 
making and clinical care, promotes cumulative institutional experience in all aspects 
of PAS management, which eventually results in significant improvement of mater-
nal outcomes and quality of care [18]. Specifically, this mounting experience yields 
lower risk of massive blood transfusion, intensive care admission, and reoperation 
[19]. Similar recommendations are made by the SOGC, which supports the role of 
specialized centers and multidisciplinary approach to optimize care of women with 
PAS [8]. SOGC defines the structure of these centers and emphasizes on the neces-
sity of level II obstetric ultrasonography, level III maternity unit, level II neonatal 
intensive care unit, and adult intensive care unit. The role of centers of excellence 
and multidisciplinary care in reducing maternal morbidity is also recognized by 
FIGO [14, 17, 20–22]. In addition, FIGO strongly recommends that a surgeon spe-
cialized in complex pelvic surgery attends delivery [14]. A retrospective study of 98 
women showed that attendance of a gynecologic oncologist was associated with 
less blood loss and lower need for blood transfusion [23]. Similarly, RCOG endorses 
the role of complex pelvic surgeons as a part of the managing team [7].

The managing team should hold a thorough discussion with the patient to explain 
her potential diagnosis. Women should be counseled on different management sce-
narios and potential complications associated with PAS including massive bleeding 
and potential need for blood transfusion, urinary tract injury, and hysterectomy and 
additional procedures that may be necessary to manage these complications. RCOG 
also recommends that anesthesia plan should be discussed antenatally and women 
should be counseled and consented on the possibility of conversion from spinal to 
general anesthesia [7].

 Delivery Planning

Planned delivery is a crucial part of PAS management and is associated with better 
outcomes compared to emergency delivery [24, 25]. Delivery should be scheduled 
on a date that weighs the risk of preterm labor against risk of emergency delivery. 
According to ACOG, patient preference and maternal and fetal status should be also 
considered. Accordingly, “34 weeks” may be the optimal time to schedule delivery 
unless earlier delivery is otherwise indicated [26, 27]. Delivery window may be 
extended to 36 + 0 weeks. However, ACOG does not support expectant management 
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beyond this point because it may increase risk of spontaneous bleeding and emer-
gency delivery [26]. For similar reasons, SOGC recommends elective delivery 
between 34 and 36 weeks of gestation. Antenatal steroids should be offered within 
1 week of planned delivery if it is scheduled at or before 34+6 weeks of gestation [8, 
28]. FIGO also considers the balance between risks of bleeding and prematurity and 
recommends scheduled delivery, preferably between 34 and 35 weeks [20, 29–31]. 
However, RCOG extends the window of scheduled delivery between 35+0 and 36+6 
weeks of gestation [7]. This recommendation is supported by retrospective data 
which did not show significant risks associated with expectant management of PAS 
beyond 36 weeks [32]. An emergency plan should be readily available if immediate 
delivery is necessary for bleeding or other urgent obstetric indications. SOGC rec-
ommends that women are counseled not to travel far away from specialized centers. 
They should be provided with a document declaring their diagnosis, managing cen-
ter, and plan of care to facilitate their transfer in case of emergency [8].

As a part of planned delivery, operative room should be equipped with available 
blood products, and the blood bank should be notified and should anticipate and 
prepare for massive transfusion protocols. Devices and medications required for 
management of postpartum hemorrhage should be readily accessible. Management 
approach should be thoroughly discussed with the patient in advance, and she 
should be counseled on the necessity, complications, and outcomes of peripartum 
hysterectomy [10]. Women who are highly motivated to reserve future fertility 
should be aware of uterus-preserving options. ACOG recommends that decision 
should be individualized [10]. However, counseling should be prudently made since 
these options are not supported by high-quality evidence and they may be associ-
ated with significant risks. Either way, women should be consented for hysterec-
tomy since uterus-preserving procedures are liable to failure or infeasibility due to 
intraoperative bleeding. It is important to emphasize that there are no randomized 
clinical trials or prospective well-controlled observational studies that compare 
planned hysterectomy to uterus-preserving procedures and current data is mostly 
derived from single-arm and small studies [33].

Although planned delivery in a specialized tertiary center is indicated in all sus-
pected cases, unexpected intraoperative diagnosis of PAS is common, reaching 
more than 30% of all cases in some reports originating from developed countries 
[34]. In these situations, ACOG recommends proceeding with uterine closure and 
hysterectomy. Unfortunately, hysterectomy may not be feasible in all birth units, 
and under these circumstances, women should be hemodynamically stabilized with 
blood transfusion, tranexamic acid infusion, and abdominal packing if necessary, 
before the patient is transferred to a specialized center [10]. Similarly, if PAS is 
recognized prior to uterine incision, SOGC recommends that the abdomen should 
be closed, and the patient should be immediately transferred to a specialized center 
for definitive management [8, 35].

Unexpected intraoperative diagnosis of PAS may occur after vaginal delivery 
even in the absence of risk factors. If the placenta is retained with no uterine bleed-
ing indicating placental separation, and no plane of placental separation can be felt 
by bimanual examination, PAS disorder should be suspected. According to SOGC 
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guidelines, the acceptable approach comprises cutting of the umbilical cord and 
clamping it with an absorbable suture, administration of intravenous prophylactic 
antibiotics, and keeping an intravenous access with continuous oxytocin infusion. 
Oral intake is prevented for 12–24 hours should general anesthesia be needed for 
urgent surgical management. According to SOGC, placental tissue may be removed 
under ultrasound or hysteroscopic guidance if the patient remains stable with no 
active bleeding [8]. High-intensity focused ultrasound has been recently proposed 
in stable women if retained placental tissue is larger than 3 cm, yet not occupying 
more than half of the uterine cavity [36].

 Preoperative Preparation

As a part of planned management, optimization of perioperative environment should 
be contemplated. Antenatal suspicion of PAS provides sufficient time to review 
medical records, request additional information, and carry out any necessary mea-
sures. SOGC recommends maternal serology testing, including hepatitis C, hepati-
tis B, and HIV viruses prior to delivery. Additionally, previous surgical reports, 
especially if associated with massive blood transfusion, should be obtained. A sim-
ple but crucial measurement is correction and follow-up of maternal hemoglobin 
prior to delivery since anemia may aggravate sequalae of blood loss both quantita-
tively and qualitatively [8]. Iron deficiency is the most common cause of anemia in 
pregnancy and can be corrected either orally or intravenously [37]. FIGO also pro-
poses the use of erythropoietin, if clinically indicated, understanding that this treat-
ment is associated with significantly higher cost [14].

Since PAS-indicated cesarean hysterectomy is associated with high incidence of 
urinary tract injuries (approximately one third of cases), utility of preoperative 
placement of ureteric stents has been investigated and was found to reduce the inci-
dence of urinary tract injury to 6% [38]. Therefore, ureteric stents are endorsed by 
FIGO and RANZCOG particularly if bladder invasion is preoperatively suspected 
[9, 14]. Similarly, RCOG does not support the use of ureteric stents and cystoscopy 
unless the bladder is likely invaded [7, 39, 40]. Preoperative cystoscopy may be 
considered to assess bladder invasion [39]. A full bladder may facilitate bladder dis-
section from the lower segment, cystotomy, and cervical identification when total 
hysterectomy is performed [31]. Therefore, RCOG recommends bladder filling to 
identify bladder separation plane and cystotomy to excise affected area when blad-
der invasion is confirmed [7, 40, 41].

Massive bleeding and blood transfusion are the most common complications of 
PAS, and cross-matched blood products should be readily available for planned and 
emergency delivery. Obstetric hemorrhage in PAS patients requires greater compen-
sation for the lost blood compared to other causes of postpartum hemorrhage. 
Therefore, RCOG recommends that standardized PAS-directed national or institu-
tional protocols of postpartum hemorrhage and blood transfusion should be adopted 
and strictly followed [7, 42–44].
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 Intraoperative Management

 I. Anesthesia
As recommended by FIGO, the type of anesthesia should be determined by 
the anesthetist in collaboration with the multidisciplinary team especially 
when risk of massive intraoperative bleeding is significant [14]. However, if 
diagnosis of PAS is made intraoperatively, the probability of conversion of 
regional to general anesthesia is high [45–48]. General anesthesia is more 
suitable in emergency situations where anesthesia can be established quickly, 
and resuscitation of unstable women is facilitated. In general, regional anes-
thesia is preferable to general anesthesia whenever feasible since it is associ-
ated with lower incidence of anesthetic complications. Although some studies 
showed that regional anesthesia may reduce maternal morbidity caused by 
hemorrhage and blood transfusion in women with PAS [49, 50], a retrospec-
tive study of 50 cases with PAS did not support this conclusion [48]. In addi-
tion, regional anesthesia precludes the risk of neonatal respiratory depression 
caused by volatile drugs that cross the placenta. Fortunately, this risk may not 
be substantially significant [48].

 II. Positioning
Intraoperative placement of women with PAS in a modified lithotomy posi-
tion is preferred. SOGC endorses this position should vaginal access be 
needed and to facilitate monitoring of vaginal bleeding intraoperatively [8].

 III. Perioperative Medications
Antibiotics and tranexamic acid should be administered intravenously at the 
time of skin incision [8, 51]. Oral or intravenous administration of tranexamic 
acid pre- or intraoperatively is also highly recommended by FIGO based on 
established results of a large double-blinded clinical trial. The study, that 
comprised 20,060 women, showed that use of tranexamic acid reduces post-
partum hemorrhage-related deaths with no increased risks of thromboembo-
lism [52]. Although the study was not specific to PAS, women with placenta 
previa or accreta were not excluded from the study, and they presented 9% of 
the study population.

 IV. Skin Incision
Classically, the pelvis should be accessed through a midline vertical skin inci-
sion. According to FIGO, midline skin incision should be opted for placentas 
that extend beyond the lower uterine segment toward the umbilicus and when 
cesarean hysterectomy is planned. However, transverse skin incision, either 
low or midline, may be appropriate depending on the highest level of anterior 
placental edge [53].

 V. Bladder Dissection
Since urinary tract injuries can significantly complicate surgery and disrupt 
visualization of the field, FIGO recommends assessment of bladder invasion 
and proper bladder dissection before the fetus is delivered [38, 54]. This 
should be completed and diagnosis of percreta is confirmed before cystotomy 
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and excision of the invaded area of bladder are made [53]. In such cases, a 
posterior approach may be required to facilitate uterine devascularization and 
hysterectomy [55].

 VI. Uterine Incision
While assessing for extent of invasion, the uterus should be gently handled. 
Ultrasound can be used intraoperatively to guide uterine incision, which 
should be ideally a classical incision and should avoid cutting through the 
placenta. Intraoperative ultrasound has gained increasing popularity in local-
izing the placenta before uterine incision is made and is endorsed by SOGC 
and FIGO [8, 53]. Uterine incisions should be made above the upper placental 
margin including fundal hysterotomy which may be performed transversally 
to deliver the fetus if the placenta extends anteriorly [20, 21, 41, 56, 57]. 
Although the use of uterine staplers or Smith-Opitz clamps, as adopted in 
fetal surgery, may reduce intraoperative bleeding, availability and cost of 
these instruments limit the popularity of their application. SOGC recom-
mends a one-layer closure of the uterus before proceeding with hysterectomy 
to reduce intraoperative blood loss [8].

 VII. Uterine Preservation
Although ACOG endorses cesarean hysterectomy as the standard manage-
ment of women with PAS, uterine preservation may be considered on indi-
vidual basis [6, 10]. ACOG restricts uterine preservation to PAS associated 
with focal invasion where the adherent area is sufficiently localized to permit 
manual or surgical removal of the placenta with closure of the defect [27]. 
Similarly, RCOG considers partial myometrial resection if minimal invasion 
is identified. However, a consent to preserve the uterus should be obtained 
[7]. En bloc removal of placental invasion, followed by uterine repair, may be 
considered with larger adherent areas [58]. Accordingly, feasibility of uterine 
preservation is mainly determined intraoperatively. Therefore, women should 
be clearly counseled that even if uterine preservation would be considered, 
hysterectomy may be eventually warranted.

Extirpative technique of uterine preservation refers to manual or forceful 
removal of the placenta to empty the uterus followed by bleeding control. 
Although the technique is old and well known in management of postpartum 
bleeding associated with incomplete separation of the placenta [15, 59–64], it 
is associated with substantial risk of intractable uterine bleeding in the pres-
ence of PAS, which would double the average blood loss in these cases [64]. 
Compared to “leaving placenta in situ,” extirpative technique is associated 
with higher incidence of blood transfusion, disseminated intravascular coagu-
lopathy (DIC), hysterectomy, and infections [65]. Therefore, FIGO recom-
mends avoidance of extirpative technique and advises against manual removal 
of the placenta if PAS is suspected and/or placental separation does not easily 
occur [53].

In concordance with ACOG, SOGC also considers uterine preservation if 
the placenta is separable with focal invasion that can be excised and repaired. 
In fact, excision of invaded myometrium may also reduce risk of recurrence 
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in subsequent pregnancies [66]. Although FIGO realizes focal resection and 
reconstruction of the uterus as a possible method of uterine preservation [53, 
58, 67, 68], it raises a valid concern on its reproducibility since the procedure 
could be highly dependent on surgeon’s skills [53]. SOGC also endorses a 
technique of perioperative localization of placenta wedge which may be 
guided by preoperative magnetic resonance imaging (MRI), pelvic devascu-
larization, and placental nonseparation with resection of the invaded wedge. 
This procedure is known as “triple-P technique” [8, 69]. Although triple-P 
technique seems to reduce the incidence of hysterectomy, data may be too 
sparse to make a strong recommendation [69, 70]. FIGO also endorses the 
promising results of placental bed tamponade, which involves suturing of the 
inverted cervical lips to the lower uterine wall. The procedure was efficient as 
indicated by a few case series [71–76]. Nevertheless, larger studies may be 
warranted to establish robust recommendations. Both triple-P procedure and 
cervical tamponade were not considered by the RCOG due to limited evi-
dence [7]. Uterine compression sutures have been proposed as a procedure to 
preserve the uterus in certain situations. They include either the same com-
pression sutures used to manage atonic postpartum hemorrhage (e.g., B-Lynch 
sutures) or other sutures designed specifically to control bleeding from pla-
cental bed (e.g., multiple 8 compression sutures) [71, 77]. Although these 
procedures may be associated with reported cases of wound infection and 
intrauterine synechiae, overall, they seem safe and associated with reassuring 
long-term fertility outcomes [78–80]. However, most data originate from case 
series and small studies, and evidence is too limited to recommend their 
implementation [81]. A retrospective study of 148 women showed that the 
use of Bakri balloon for uterine preservation was comparable to local uterine 
wall resection and hysterectomy in rate of admission to intensive care unit, 
duration of hospital stay, operative time, and amount of transfused blood 
products [82]. However, larger well-designed studies are warranted to vali-
date these conclusions. In fact, data on many uterus-preserving procedures 
are derived from case series and small studies and may be associated with 
inconsistent outcomes [83].

SOGC also acknowledges an alternative to hysterectomy if non-focal inva-
sion is found. In this situation, there should be no trial to remove the placenta, 
which is left in place and the uterus is closed. Leaving “placenta in situ” is the 
first established uterus-preserving procedure. In this method, the cord is cut 
away from its placental origin and the uterus is closed [53]. Thereafter, 
patients expectantly managed awaiting tissue atrophy secondary to reduction 
in blood supply with subsequent resorption, separation, and expulsion of pla-
cental segments [84]. In a French retrospective multicenter study of 167 
patients managed with this approach, success rate was 78% and the uterus 
took a median of 13.5  weeks (range 4–60) to spontaneously empty [85]. 
Although this approach is recognized by SOGC and RANZCOG, they are 
obvious about its drawbacks, which should be clearly shared with the patient 

S. A. Shazly et al.



125

before a preoperative decision is made. They include prolonged recovery 
course,  relatively long follow-up, and persistent possibility of secondary hys-
terectomy (up to 40%), which may be indicated up to several months after 
delivery [3, 8, 9, 83]. Furthermore, leaving placenta in situ can lead to signifi-
cant maternal morbidities. Pelvic infection, sepsis, hemorrhage, coagulopa-
thy, and pulmonary embolism are among the reported complications of this 
approach [2, 15, 85, 86]. FIGO and RCOG state that administration of pro-
phylactic antibiotics may be considered if the placenta is left in situ. 
Nevertheless, level of evidence is low [7, 27, 53]. Administration of metho-
trexate, as an adjuvant treatment to accelerate placental autolysis, was not 
shown to be considerably effective based on data from small studies and was 
associated with significant side effects such as pancytopenia and nephrotoxic-
ity. In addition, methotrexate may increase risk of pelvic infection and sepsis 
due to its immunosuppressive effect [87–91]. Therefore, FIGO and RCOG 
recommend against the use of methotrexate if the placenta is left in situ [7, 
53]. Postpartum removal of placental tissue using hysteroscopy and ultra-
sound guidance has been proposed to hasten placental resolution [92, 93]. 
However, these options are only supported by limited data, and risk of perfo-
ration of a postpartum uterus presents a major concern to their use [92]. High-
intensity focused ultrasound, as a method to ablate placental tissue without 
perforation risk, has been recently proposed with initial promising results 
[94]. However, this method has only been investigated in women with resid-
ual placental tissue larger than 3 cm, but not occupying greater than 50% of 
the uterine cavity and has not been investigated in women who were managed 
specifically by leaving the whole placenta in situ [36].

 VIII. Cesarean Hysterectomy
If cesarean hysterectomy is planned, placental removal should not be 
attempted. Leaving the placenta in place while proceeding with hysterectomy 
is associated with less blood loss and lower incidence of blood transfusion 
[29, 32, 95, 96]. Although this practice is recommended by FIGO and RCOG, 
FIGO also considers a gentle trial to remove the placenta acceptable if spon-
taneous separation occurs or if placental invasion appears minimal [41]. In 
absence of spontaneous separation, FIGO advises that uterotonics should not 
be administered and that the operative team should proceed with immediate 
hysterectomy [14]. FIGO also recommends total hysterectomy over subtotal 
hysterectomy. Although subtotal hysterectomy is associated with shorter 
operative time, less blood loss and lower rate of blood transfusion, cervical 
involvement by placental invasion and risk of cancers that may rise from cer-
vical stump make subtotal hysterectomy less preferred in modern practice 
[14]. Nevertheless, the Society of Maternal-Fetal Medicine (SMFM) survey 
showed balanced predilection among surgeons regarding their preferred hys-
terectomy technique (55% for total hysterectomy vs. 45% for subtotal hyster-
ectomy) [97]. Other modifications to hysterectomy including posterior 
retrograde hysterectomy via pouch of Douglas [98], modified radical hyster-
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ectomy with the use of bipolar cautery device [20], linear cutting stable device 
for hysterotomy [99], and use of vessel-sealing devices [100] were also 
described.

In some cases, the placenta may extensively invade the surrounding pelvic 
organs, and thereby, immediate hysterectomy may become challenging to 
perform. Delayed hysterectomy may be scheduled from the 3rd to the 12th 
week after delivery [21, 101, 102]. The rationale of delayed surgery is to 
allow tissue resorption and reduction of vascularity before hysterectomy is 
performed. FIGO endorses the option of delayed hysterectomy if immediate 
hysterectomy is not feasible understanding that level of evidence, supporting 
this practice, is low [14]. Total blood loss associated with delayed surgery 
may be comparable to immediate hysterectomy [21, 101, 103]. However, 
delayed hysterectomy may be associated with risks of leaving placenta in 
situ. Thus, regular follow-up is mandatory and emergency hysterectomy 
should be planned, if necessary [14].

 IX. Pelvic Devascularization
In conjugation with primary intervention, pelvic devascularization is consid-
ered by many surgeons to reduce blood loss. Although internal iliac artery 
ligation is adopted by many PAS specialized centers, the procedure has not 
been proved to be effective [8]. This is probably because the rich collateral 
blood supply from external iliac arteries and the aorta compensates for inter-
nal iliac artery occlusion. Furthermore, internal iliac artery ligation may add 
to complexity of surgery and may be associated with longer operative time 
and risk of vascular complications [104]. Preoperative bilateral transfemoral 
placement of internal iliac artery balloons, which are inflated intraoperatively 
after delivering the fetus, was associated with similar outcomes [105, 106]. 
Thus, both techniques of occlusion are not routinely recommended by the 
SOGC [8]. Similarly, FIGO does not recommend routine radiologic or surgi-
cal devascularization [53]. In addition to their limited effectiveness, these 
procedures are associated with several complications including popliteal and 
external iliac arteries thrombosis [107, 108], rupture of iliac artery [109], and 
nerve injury due to ischemia.

Emerging evidence on temporary infrarenal aortic balloon occlusion sup-
ports its safety and efficacy. A meta-analysis of 11 clinical studies (776 patients) 
showed that the procedure was associated with significant reduction in blood 
loss (mean difference [MD],  1480 ml; 95% confidence interval [CI], –1806 
to −1154 ml), operative time (MD, 29.23 min; 95% CI, –46.04 to −12.42), and 
volume of blood transfusion (MD, 1125 ml; 95% CI –1264 to −987). The pro-
cedure was also associated with shorter hospitalization and lowered hysterec-
tomy rate when performed alone with uterus-preserving procedures (OR 0.30, 
95% CI 0.19 to 0.48) [110]. Therefore, this approach is recommended by 
SOGC particularly when a difficult surgery is anticipated [8]. Similarly, SMFM 
endorses clamping and balloon occlusion of abdominal aorta as an effective 
method to decrease pelvic blood flow. However, risk of potential distal throm-
bosis or ischemia should be considered, and a vascular surgeon should be con-
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sulted if this option is considered [111, 112]. RCOG highlights the controversial 
role of interventional radiology, including internal iliac artery, uterine artery, 
and aortic occlusion due to lack of large well- designed studies [113–122]. 
Nevertheless, RCOG considers this option in women who decline blood trans-
fusion along with cell salvage [7, 43]. Arterial embolization may be considered 
in women with postpartum hemorrhage particularly if they are hemodynami-
cally stable and do not suffer severe bleeding [123].

 Postoperative Care

Postoperative care of women with PAS is crucial since complications of high- 
volume blood loss, prolonged surgery, intraoperative hypotension, and organ sys-
tem dysfunctions are not uncommon. SMFM recommends frequent monitoring of 
vital signs and urine output using an indwelling catheter. If there is anuria or persis-
tent hematuria, urinary tract injuries should be considered among other causes. 
Bleeding from the vagina and the incision should be frequently assessed. Anemias 
and coagulopathies should be corrected. Women should be encouraged to ambulate 
early to reduce risk of thromboembolic events associated with pregnancy, surgery, 
massive blood loss, and blood transfusion [111].

In women who were managed by “leaving placenta in situ,” strict follow-up is 
indicated since residual villi may take up to 6 months to resolve [89]. There are no 
standardized protocols to follow up these patients. Nevertheless, follow-up should 
take place in a specialized center with suitable experience [53]. FIGO recommends 
weekly measurement of serum β-hCG to ensure reduction of placental tissue. 
Nevertheless, ultrasound remains the primary method of assessment of placental 
mass. Other imaging modalities, such as magnetic resonance imaging, are not 
required [124]. Besides, follow-up visits should include clinical assessment of vagi-
nal bleeding and infection and investigations, such as vaginal culture, hemoglobin 
level, and leucocytic count, if indicated [85]. If postpartum course remains uncom-
plicated after 3 months, follow-up visits can be scheduled monthly [53].

 Barriers to Evidence-Based Practice: Why Does Global 
Practice Not Strictly Follow Guidelines?

According to the World Health Organization (WHO), guidelines are a set of 
evidence- based recommendations that instruct clinicians on how to practice in a 
way that yields the best possible outcomes according to the highest quality of 
research [125, 126]. Although practice guidelines have played a major role in mod-
ern medicine, there are some inherent concerns that limit their reflection on clinical 
practice. For example, guidelines are associated with high dependency on 
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homogenous controlled studies which may not be reflective of general population 
and actual practice circumstances. Also, guidelines tend to refer to committees’ 
opinion to resolve many inconclusive issues, which may be influenced by personal 
perspectives, institutional style of practice, served population, and availability of 
resources. Guidelines may limit the role of personal experience and appreciate 
study quality at the expense of unstudied population, which may differ significantly 
from the study cohort [127, 128]. Thus, these recommendations may offer a treat-
ment of a specific disease rather than a particular patient [129–131]. In fact, the 
process of generation of practice guidelines may be influenced by the origin of the 
study, and in some situations, national guidelines may prioritize regional studies 
over international studies even if the later exhibit higher quality or larger cohorts 
[132]. Guidelines are limited by lack of high-quality data, which results in exclusion 
of several approaches, some of which may be efficient or deemed efficient based on 
unpublished institutional experience. Nevertheless, evidence-based guidelines 
remain the most widely acceptable method to practice standardized medicine in a 
controlled fashion. Otherwise, practice would be inconsistent, significantly impacted 
by providers’ varying experience, and medical malpractice will be challenging to 
define [29, 133].

Implementation of PAS guidelines may be challenged by several regional and 
clinical obstacles. Specifically, planned cesarean hysterectomy is defined as the 
standard management of PAS by all internationally recognizable practice guide-
lines. This is primarily due to safety concerns, which place a well-established sur-
gery superior to less known and surgeon-dependent procedures. However, 
hysterectomy may have significant psychological sequalae in many women, includ-
ing depression, even in the absence of preexisting psychiatric illness [134–136]. It 
is not uncommon that women experience negative thoughts regarding their physical 
and sexual well- being [137]. These sequalae are usually a reaction to their frustra-
tion of losing a special feminine organ and their inability to carry a pregnancy in the 
future. In some regions, the situation may be much exaggerated by cultural beliefs, 
lack of understanding and support, and restrictions to fertility options, particularly 
surrogacy. Under these circumstances, hysterectomy is strongly declined by many 
patients. Surgeons have had to establish their own experience in preserving the 
uterus to meet their patients’ interests, and with time, uterus-preserving procedures 
have become more prevalent than hysterectomy in these regions. Therefore, some 
institutes may be concerned that practice guidelines preclude their expertise and 
enforce recommendations that present others’ experiences. The varying intraopera-
tive findings, endorsed by surgeons’ experience, may not be recognized as effi-
ciently by guidelines, which are limited by available studies, which do not 
necessarily present all clinical data [44, 86].

On the contrary, some evidence-based recommendations are derived from stud-
ies, conducted in highly equipped institutes, and recruited highly compliant women. 
Although these studies may provide evidence of high quality, their results may be 
challenging to reproduce or concerning to adopt. For example, “leaving the placenta 
in situ” is an acceptable approach for uterine preservation by many international 
guidelines and is supported over many other approaches that are globally more 
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prevalent, yet less studied. Nevertheless, “leaving the placenta in situ” is seldom 
performed as indicated by surveys that screen experts’ preference in management of 
PAS [97, 138, 139]. This may be attributed, in part, to complexity of follow-up and 
prolonged recovery course associated with this approach. In addition, many provid-
ers may be inconvenient with risks of serious complications, especially if patient 
compliance or institutional experience cannot be granted.

A survey of 36 experts in 2017, mainly based in Europe and Asia, showed that 
61% perform primary cesarean hysterectomy as their first-line approach compared 
to 39% who opt for uterus-preserving procedures as a routine practice. Twenty eight 
percent of experts use partial myometrial resection and 17% use cervical tampon-
ade. Atrial embolization is used by 50% of experts and 47% use intra-arterial bal-
loons. In addition, 17 % of participants use methotrexate in their protocols [138]. 
This practice does not show substantial consistency with internationally recognized 
guidelines. Indeed, PAS practice is globally inconsistent, and data derived from dif-
ferent regions may vary. In a survey involving 508 of SMFM members, 14.9% 
report performing uterus-preserving procedures [139]. Nevertheless, data from the 
same region may not be consistent as well [97].

 Validity of Established Practice: Why Does Established 
Practice Not Steer Guidelines?

As previously discussed, cesarean hysterectomy is considered the treatment of 
choice and the safest surgical approach in cases of PAS.  However, international 
surveys revealed that many obstetricians consider uterus-preserving approaches 
their primary management of PAS even if not supported by evidence-based recom-
mendations [138, 139]. Despite numerous studies that appraise a variety of uterus- 
preserving procedures, none of these procedures has been recognized as a standard 
management by current guidelines [140–142]. This fact highlights the gap between 
evidence-based guidelines and actual practice in many regions although clinical 
studies, used to create evidence, are anticipated to emerge from and appraise con-
temporary practice.

One of the main explanations of this gap is rarity of the condition, which makes 
it challenging for obstetricians to investigate their proposed approaches on a large 
population. A recent review of conservative managements of PAS reported that 54% 
and 89% of available studies recruited less than 20 patients and less than 50 patients, 
respectively [36]. These small studies may only show descriptive results and may 
not be eligible for more robust statistical analysis, which is required to yield definite 
conclusions such as regression analysis. Similarly, experimental approaches are 
almost always tested through single-arm studies with small sample sizes or case 
series [143, 144]. To a large extent, PAS is inherently deprived of randomized clini-
cal trials, which provide a high level of evidence, due to difficult recruitment and 
ethical restrictions to experimental research in life-threatening conditions. 
Prospective studies are not commonly conducted, probably due to difficult 
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requirement as well. Thus, poor quality of most published data limits their impact 
on evidence-based guidelines [145–147].

Case reports and case series are frequently reported particularly to assess novel 
approaches in management of PAS [71, 146–153]. Again, these studies permit lim-
ited statistical inference. Moreover, they typically review a few surgeon-selected 
cases who were managed by a particular approach rather than a controlled study of 
all eligible women with definite preoperative and intraoperative selection criteria 
that permit reproducibility of outcomes. This type of studies is highly subjected to 
publication bias since authors may document cases that went well rather than those 
who had major complications or even died, resulting in possible underreporting of 
complications of these procedures. Many of the published procedures are surgeon- 
or institution-based, meaning that they convey their established experience, which 
may not be easily reproduced if a novice team tries the same approach. Moreover, 
studying these procedures by a different team in a different institute is unlikely to 
receive ethical approval given the limited supportive data of their safety.

For similar reasons, systematic reviews on PAS studies are limited. Trials to 
review available data to build stronger conclusions are confronted with significant 
heterogeneity in study design and outcomes [36, 140, 142, 154]. Many of these 
studies are associated with significant concerns such as considering missing infor-
mation as a non-occurred event [140]. Several novel procedures are proposed and 
appraised with only a few of them undergoing further validation by other investiga-
tors, resulting in numerous isolated techniques associated with limited data. 
Assessment of long-term outcomes, including fertility outcomes, of most studies is 
deficient due to lack of long-term follow-up [141]. Documentation of degree of 
placental invasion and size of myometrial invasion is also deficient in many studies. 
Thereby, systematic reviews cannot confidently ascertain that a procedure can be 
safely recommended to all women with PAS [140, 142].

With scarcity of PAS patients, the amount of wasted data from unpublished cases 
remains a frustrating concern. A recent systematic review reported that all recent 
studies that investigated uterine preservation were conducted in 17 countries only, 
and more than 50% of them were conducted in China [36]. This indicates that cur-
rent data are not presentative of global practice and that there is significant leak of 
precious information since most institutes do not publish their data. The lack of 
PAS-focused clinical researchers in these institutes is the likely explanation.

These concerns highlight the importance of multicenter studies, which can solve 
recruitment issues and cohort size, and reach centers that do not participate in PAS 
research even if clinical researchers are not readily available in these centers. Large 
retrospective data can yield an acceptable level of evidence to guide further multi-
center prospective studies or clinical trials without evoking significant ethical con-
cerns. It remains an ongoing challenge that current recommendations do not provide 
definite preoperative and intraoperative criteria to determine eligibility for each 
management option. Thus, it is also important to evaluate a complete management 
protocol, rather than a procedure, where each management is considered based on 
certain criteria, in order to establish a safe platform for management of women 
with PAS.
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 Conclusion

Cesarean hysterectomy is the primary management in women with PAS. Uterus- 
preserving procedures should only be considered on individual basis and women 
should be carefully counseled on their possible risks. With the rising incidence of 
PAS cases, clinical researchers should actively collaborate to utilize expanding data 
in order to establish contemporary management plans. Future studies should con-
sider the role of selective protocols rather than individual procedures, and multi-
center studies should be more frequently conducted to overcome inherent limitations 
to PAS-related research.
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Chapter 12
Prevention of Placenta Accreta Spectrum 
Disorders

Tatiana B. Makukhina and Grigory A. Penzhoyan

Serious complications of placenta accreta spectrum disorders (PAS) for a mother 
and fetus, the significant risk of hysterectomy with loss of female reproductive func-
tion, and expensive hi-tech medical care to patients with this problem attract our 
attention to clinical research that would promote PAS prevention. Generally speak-
ing, primary prevention aims at reducing the chance of getting the disease, while 
secondary prophylaxis tries to prevent affected people from deteriorating. Therefore, 
primary prevention of PAS is connected to analysis of risk factors and development 
of a bundle of measures that would alter modifiable factors.

 Primary Prevention of PAS

 Restraining the Increase in the Number of CS, Especially 
in Primiparous

The relationship between expansion of PAS and uprising trend of cesarean section 
(CS) rates is evident [1–4]. A valuation conducted by Betran AP et al. [5] revealed 
that CS rate has globally increased from 6.7 % in 1990 to 19.1 % in 2014. A notable 
growth of CS rate has been linked to extension of indications including caesarean 
delivery on maternal request (CDMR) [6]. The rate of CDMR differs from country 
to country; it is difficult to make a comparative estimate as there is no code in the 
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International Classification of Diseases and discrepancies in that addresses indica-
tions of CDMR in the structure of elective CSs [7]. However, approximately 6–8% 
of all primary CSs were carried out as CDMR in the Great Britain and Northern 
Europe [8], while in the United States, this figure is 11% [9]. The rate of CDMR in 
Australia is as high as 17% of all primary CSs [10]. In Germany, some reports indi-
cate that 13% of CSs were performed without medical grounds, although contribu-
tion of CDMR to this percentage is not clear [6]. As reported by WHO, the overall 
annual CS rate in China was 47.6% between 2010 and 2012 [11]. These figures 
seem to be, at least, constant over time; another prospective study of 3474 primipa-
rous Chinese women demonstrated that prevalence of elective CS was 45.0% 
between 2012 and 2016. However, relation of these figures to medical indications 
was not concluded [11]. The social, financial, and cultural factors could be crucial 
in this equation. In combination with the public misconception that CS is a riskless 
procedure, private practice could have contributed to the rising prevalence of CS 
performed [6].

Numerous studies, conducted in different countries, disclose an association 
between elective CSs and private healthcare facilities in comparison to government- 
financed facilities, which cannot be merely explained by medical indications [6, 
12–15]. Perhaps, there may be a misconception that women who pay for delivery 
have higher expectations for their own hospital care and the care of their infants 
than non-paying women. In fact, private practice obstetricians may be more flexi-
ble to meet women choices without proper counseling as a sequence of “customer” 
versus “patient” culture. Interestingly, this may reflect a similar misconception 
among these obstetricians, who would prefer CS too to ensure a safe delivery. 
There is some evidence indicating that the probability of an obstetrician to perform 
CS on maternal request for operative delivery depends more on personal bias, 
cultural factors, legal liability, and how the request is completed rather than clini-
cal evidence [13]. At the same time, obstetricians may believe in benefits of pre-
labor CS, such as better control of the delivery process and delivery timing and 
avoidance of anxiety and necessity of well-trained personnel to monitor labor [7, 
13]. In such a way, а randomized controlled trial in a large teaching hospital in 
Australia appreciated a 22% decrease in CS rate under continuity of midwife-led 
care compared with birthing under standard care with no difference in perinatal 
mortality [16].

Interestingly, a relation between rising CS delivery in private clinics and wealth 
index and household income has been highlighted [12, 15]. Sk R. et al. [15], through 
an example from India, reported that CS rates were higher among mothers with 
higher socioeconomic status. The effect of income on CS figures was almost 6.5 
times higher than that of delivery setting, whereas most of the income effect was 
mediated by delivery at private clinics. The rate of elective repeat cesarean delivery 
(ERCD) in Brazil was higher even in low-risk group, indicating that nonclinical 
factors may have considerable impact for the decision on CS [17]. More than 80% 
of women giving birth in public or private health facilities in Brazil wish to have a 
primary CS, and the rate of CS performed was substantially lower in the public 
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health sector (25% to 30%) than in private clinics (70%) [6]. The assumed effect of 
private clinics may be more prominent among nulliparous women [13]. This group 
has a high likelihood of subsequent childbirths and, therefore, the risk of PAS in 
future pregnancies.

Conducting audits on CS indications is a crucial tool that can potentially control 
increasing CS rates [14, 18, 19]. According to Lesier E et al. [14], performing audits 
on CS delivery achieved approximately 2% decline in CS rate. Interventions that 
aim at implementation of clinical practice guidelines by healthcare professionals 
combined with mandatory second opinion review of CS indication were associated 
with slight reduction in overall CS rate (mean difference was –1.9%, 95% CI –3.8 
to –0.1). In addition, teaching of physicians by a local opinion former obstetrician- 
gynecologist decreases the risk of elective CS from 66.8 to 53.7% (opinion former 
education, 53.7% [95% CI 46.5–61.0]; control, 66.8%, 95% CI 61.7–72.0) [19]. 
Although the last strategy appears to be the most effective, it may be most beneficial 
in regions where current CS rates are substantially high, as indicated by the figures 
in the previous study. Some of these strategies may be more challenging in private 
practice. Accordingly, parallel patient-centered strategies would be useful to moti-
vate pregnant ladies to undergo normal delivery and correct potential misconcep-
tions. Assessment and correction of the level of anxiety of a pregnant woman could 
be a promising approach to reduce incidence of CDMRs and prevent PAS in subse-
quent pregnancies.

Pregnancy-specific anxiety in the second trimester seemed to have a direct 
impact on CDMR rates among primiparous women [20]. Young pregnant women 
and women with low level of education are conceivably at high risk of pregnancy- 
related anxiety [20]. There is another association between CS preference and toko-
phobia. Risk factors of tokophobia include both anxiety and depression [21]. 
Indeed, tokophobia is more prevalent than generally perceived, and it ranges 
between 6 and 10% [22–24]. A survey of 1635 Scandinavian pregnant women 
revealed that 15.8% and 5.7% had intense and very intense fear of vaginal child-
birth, respectively [25], lack of self-confidence in childbirth through vaginal deliv-
ery, and unresolved psychosomatic or sexual conflict, which, in combination with 
the fear of losing control, may also play a part and reinforce the decision to elect 
for CS [6].

It is necessary to pay attention to maternal psychological problems. Prenatal 
counseling by medical personnel with appropriate methods should be intensified to 
defend women against pregnancy-specific anxiety, and the second trimester of preg-
nancy could be the crucial period for such interventions. Young women and women 
with a low level of literacy should be the focus groups to conduct the counsel-
ing [20].

Psychological education may contribute to spontaneous vaginal delivery rate 
(relative risk “RR” 1.33, 95% CI 1.11–1.61) [19]. Childbirth classes for single 
mothers or for couples may decrease incidence of CS (RR 0.55 and 0.59, 95% CI 
0.33–0.89 and 0.37–0.94, respectively) and may increase the number of spontane-
ous vaginal births (RR 2.25 and 2.13, 95% CI 1.16–4.36 and 1.09–4.16, 
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respectively); nursing staff-assisted relaxation training programs and psychosocial 
prevention programs for couples may reduce CS rate (RR 0.22 and 0.53, 95% CI 
0.11–0.43 and 0.32–0.90, respectively) [19]. Joint care by a birth mother and mid-
wife, when the obstetrician provides the birth domiciliary 24 h a day, may provide 
an alternative to private practices and may reduce primary CS rate [19]. For women 
having depression during pregnancy, the multidisciplinary approach to patient care 
and the teamwork of all healthcare providers involved in the process are required to 
build up supportive environment [21].

The importance of controlling elective CS rate comes from the increased risk 
of placenta previa and PAS in subsequent pregnancies. This has been confirmed by 
a number of retrospective design studies: case-control study (odds ratio (OR) 3.00; 
95% CI 1.47–6.12) [26]; case-control study (OR 3.32; 95% CI 1.68–6.58) [27]; 
retrospective cohort study of 8208 women (adjusted odds ratio [aOR] 2.52; 95% 
CI 1.53–4.14) [28]; retrospective cohort study of 26,987 women (aOR 2.62; 95% 
CI 1.24–5.56) [29], and prospective cohort study of 34,224 women (aOR 2.03; 
95% CI 1.22–3.38) [30]. There are some data that propose a causal relation 
between uterine damage and uterine incision level, where a more caudal incision 
would be associated with uterine damage [31]. Subsequently, Matsubara S. et al. 
hypothesized that the timing of elective CS should ideally be performed after 
onset of labor. Obviously, the authors addressed subsequent risks of emergency 
and uncontrolled CSs, which are associated with worse outcomes compared to 
elective CS. Alternative, the authors proposed controlled oxytocin administration 
prior to elective CS to induce labor-positive status [31]. Unfortunately, this prac-
tice cannot be recommended as a routine measure to prevent PAS in a subsequent 
pregnancy. There is no definitive protocol or duration of oxytocin administration 
that would be deemed sufficient to provide a significant reduction in uterine dam-
age and PAS risk in subsequent pregnancy. Since uterine response is variable, such 
protocol is challenging to be determined. In addition, given the low incidence of 
PAS, assessment of oxytocin impact would require a large sample size, and likely 
many women would be unnecessarily exposed to oxytocin for a single patient, if 
any, to benefit from this approach. Furthermore, use of oxytocin is not without 
risk, and it may result in fetal distress. Administration-to-action would be variable 
and exact time of fasting and procedure would be hard to schedule. In fact, Zeevi 
G et al., in a population-based retrospective cohort study, have not revealed a dif-
ference in frequency of subsequent PAS depending on whether the patient had CS 
before the onset of labor or in the active phase of labor. On the contrary, risk of 
complications due to PAS would be significantly higher in the case of emergency 
CS [32].

In summary, the most likely effective measurement for PAS prevention is 
counseling, education, and psychological support. This includes counseling 
women who opt for CDMR on possible complications on subsequent pregnancy, 
including the chance of abnormal placement (placenta previa OR 1.74 [95% CI 
1.62–1.87], accreta OR 2.95 [95% CI  =  1.32–6.60], and abruption (OR 1.38 
[95% CI 1.27–1.49]) [33]. This approach has been supported by several national 
guidelines [2, 7].
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 Orientation of Pregnant Women with a Scar on the Uterus 
After CS to Attempt Vaginal Delivery in the Absence of Other 
Indications for CS

Repeat CSs are one of the most evident risk factors of PAS in subsequent pregnan-
cies, and incidence of PAS is directly proportional to a number of previous CSs 
[34]. Specifically, women who had one, two, and three prior cesarean deliveries 
were 2.9, 4.6, and 12.6 times most probably to have PAS, respectively [34]. 
Therefore, efforts to reduce incidence of PAS should include women with previous 
CS and their plan for delivery. Vaginal birth after CS (VBAC) does not only reduce 
incidence of PAS in subsequent pregnancies but also precludes complications asso-
ciated with repeated abdominal surgeries such as hysterectomy, bladder or bowel 
injury, and massive blood loss requiring blood transfusion and reduces risk of 
related infection [35]. Thus, VBAC has been widely supported by the National 
Institute for Health and Care Excellence (NICE), Royal College of Obstetricians 
and Gynaecologists (RCOG), and American College of Obstetricians and 
Gynecologists (ACOG) as a clinically safe and recommended approach for majority 
of women who had a single previous lower segment CS [36]. This strategy is also 
backed up by the health economic modeling and would also at least restrict potential 
rise in CS and maternal morbidity associated with repeated surgeries [36]. Based on 
statistical reports from different countries, up to 50% of patients with previous CS 
scar are eligible to attempt vaginal delivery [37–39].

Nevertheless, the potential of this practice in controlling number of repeated CSs 
is not used in full. In the United Kingdom, the rate of trial of labor after cesarean 
delivery (TOLAC), according to a cohort study involving 143,970 women, was 
75,086 (52.2%), and 47,602 women (63.4%) successfully achieved vaginal delivery 
[40]. In China, the rate of VBAC after relaxation of the one-child policy in 2013 was 
9.8% [11], while in the United States, the rate of VBAC dropped from 28.3% in 
1996 to 8.5% in 2006 [35]. Between January 2013 and December 2015, 34,460 
women, from the Japanese nationwide institution-based registry, were investigated. 
Only 1730 (5.0%) underwent TOLAC versus 32,730 (95.0%) who had ERCD, 
respectively. Approximately 76% of clinics did not perform any TOLACs. On the 
other hand, most women (88.6%), attempting TOLAC, had successful vaginal 
deliveries [41]. Data from case series of women attempting TOLAC demonstrated 
that 52–82% achieve vaginal delivery [35, 42–44]. There is probably no single 
explanation to the discrepancy in TOLAC rates worldwide. However, magnitude of 
contribution of private sector versus governmental services in medical care and 
strict oversight of rates of CS may play a role.

Nevertheless, thoughtful selection of candidates for VBAC is crucial, since risk 
of maternal morbidity is related to a woman’s probability of achieving VBAC [35]. 
Most maternal TOLAC- related complications arise when intrapartum repeat cesar-
ean delivery is required. In view of this, VBAC is associated with fewer complica-
tions than ERCD, while an unsuccessful TOLAC yields the highest risk of 
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complications [35]. Probability of successful VBAC varies, depending on women 
demographic and obstetric characteristics, and is a subject to individual combina-
tion of antepartum and intrapartum factors. There are scoring systems and calcula-
tors that assist in predicting probability of VBAC success [35]. ACOG suggests that 
a probability above 70% would support TOLAC over ERCD, while a probability 
below 60% would favor ERCD. A percentage between 60% and 70% is indetermi-
nate, and risks vs. benefits of both options are considered balanced [35]. This infor-
mation is commonly considered for patient counseling. Although there are no 
standard cutoff probabilities that would contraindicate vaginal delivery, many insti-
tutes adopt internal policies that do not offer TOLAC if calculated score is below a 
certain percentage. On the contrary, the RCOG [36] adopted planned VBAC, which 
can be offered to majority of women with after a single previous lower segment 
caesarean delivery, with or without a history of previous vaginal birth. VBAC prob-
ability scores are not adopted by RCOG, and TOLAC is offered universally to all 
eligible women [36]. This could present another factor that would contribute to 
broader TOLAC practice in the United Kingdom.

ACOG recommendations [35] related to two previous low-transverse cesarean 
scars, and twin pregnancy, and breech presentation including external cephalic ver-
sion (in women having one previous cesarean delivery with a low-transverse inci-
sion) do not consider these conditions as contraindications to TOLAC. RCOG [36] 
also does not preclude the possibility of TOLAC for patients with two scars after 
CS. However, it highlights that risk of uterine rupture would be higher in this popu-
lation and, accordingly, the decision should be made with caution in highly moti-
vated women and is unlikely to include induction of labor as a part of 
TOLAC. Obstetricians should be aware of cultural backgrounds and family plan-
ning decision, when leading a counseling discussion, since some couples may be 
highly motivated to have many children as opposed to those who opt for two to three 
children. As mentioned earlier, the dose-response relationship documented between 
placenta accreta and the number of prior CSs, especially in the setting of placenta 
previa, should always be considered [45].

A woman’s desire for TOLAC is an extremely determining factor in VBAC prev-
alence. ACOG [35] encourages obstetricians to thoroughly discuss both potential 
risks and benefits of TOLAC and ERCD and to document these discussions. 
Discussing VBAC early, during a woman’s prenatal care course, will give more time 
for her to analyze both options and bring more questions and concerns. Also, further 
research on information gaps reported by women, and their impact on decision- 
making, would be of great benefit [46–48]. In addition, medical sector should be 
readily supported to achieve more VBACs. The high rate of ERCD in private clinics 
suggests that one of the many factors contributing to this trend is that the medical 
personnel of private clinics are not motivated to convince the CDMR-oriented 
patients of vaginal delivery. For instance, in the private sector of Brazil, almost all 
deliveries (95.8%) were performed by ERCD as compared with 44.1% in the public 
sector (p < 0,001) [17]. Meanwhile, ERCD in the public sector was related to social 
and economic (better education), obstetric (women’s preference, absence of previ-
ous vaginal delivery, macrosomia), and hospital (mixed hospital, location in non- 
capital city, less than 1500 deliveries per year) characteristics [17]. Accordingly, 
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alternative strategies should be proposed to incorporate private practice in the ongo-
ing efforts to reduce CS rates and provide support and utilities to ensure VBAC 
practice would be supported.

Thus, the strategy for reducing the risk of PAS is a set of measures aimed at 
reducing the number of elective CS in both primiparous women and women with a 
scar on the uterus after CS. This is possible with the availability of psychological, 
specialized medical care for a pregnant woman, beginning from the first trimester of 
pregnancy, to form a dominant for a successful vaginal delivery in the absence of 
medical indications for CS. Also, probability of vaginal delivery is higher in the 
case of a patient’s delivery in a large public hospital, with the possibility of monitor-
ing by qualified personnel. A small number of interventions, mainly targeting 
healthcare specialists (such as introduction of guidelines, mandatory second opin-
ion, constant audit and feedback, training of physicians by a local opinion former) 
have been shown to safely reduce caesarean section rates [19].

The Guideline Development Group of the World Health Organization (WHO) 
presented recommendations for nonclinical interventions to reduce CS births [49]. 
These recommendations are classified based on the purpose of the intervention: (a) 
interventions intended for women, (b) interventions intended for healthcare special-
ists, and (c) interventions intended for organizations, institutions, or health systems. 
The WHO recommends the use of various educational programs for women in the 
process of their preparation for childbirth to reduce the number of caesarean sec-
tions. However, this recommendation has a low-certainty evidence [49].

 Modifying Other PAS-Related Risk Factors

 Placenta Previa (РР)

Women with PP were 34.9 times highly likely to have placenta accreta than those 
women without previa (95% CI 2.4–54.3) [34]. In the view of some experts, this 
pathology is a type of PAS (PAS 0) [50]. РР and PAS risk factors largely overlap. 
According to Gargari S et al. [51], maternal age, multiparity, history of stillbirth, 
history of dilatation and evacuation, and history of CS increase the risk of PP in 
subsequent pregnancy (aOR 2.02, 95% CI 1.35–3.05) [28]. Although there are no 
prevention strategies for PP, strategies to reduce CS rates would be the most crucial 
since PAS risk is most prominent when PP is associated with uterine scar.

 Previous Uterine Surgery

Uterine surgeries, other than CS, also contribute to PAS risk [4]. Similar to CS, 
these surgeries precipitate focal loss of endometrium and myometrium, and this 
effect may be more prominent if performed during pregnancy. Minor uterine 
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surgeries (i.e., dilatation and curettage, hysteroscopic surgery), particularly if per-
formed more than three times, were associated with higher probability of PAS in 
subsequent pregnancies (OR 3.4; 95% CI 1.3–8.9) [52]. Similar to CS, the relation-
ship between number of other uterine procedures and development of PAS is “dose-
dependent” [53]. Procedures that may impact integrity of the uterine mucosa like 
manual delivery of the placenta, postpartum endometritis, and uterine artery embo-
lization have been considered as risk factors for PAS [1]. Yang T. et al. [54] describe 
the history of myomectomy as a risk factor for PAS, but not as an independent one. 
O’Malley KN et al. [30] did not find a significant increase in the risk of PAS after 
the preceding myomectomy in a cohort that included more than 34,000 observations 
of patients with a history of CS. Nevertheless, information on the sequence of myo-
mectomy and the first CS was not available in this study. March CM investigated the 
outcomes of 1240 infertile women treated for intrauterine adhesions and reported 
13 (2%) cases of PAS in subsequent pregnancies [55].

However, with due regard to the prevalence of surgical interventions on the 
uterus in comparison to incidence of PAS, it seems unlikely that significant reduc-
tion in incidence of PAS would be achieved by preventing surgeries, a significant 
part of which aims at restoring fertility or managing an urgent obstetric complica-
tion. Rather, a cautious approach should be taken to assess risk of PAS among 
women with previous uterine surgeries when planning pregnancy, including con-
scious first trimester assessment for early suspicion and secondary prevention. 
Obstetricians and midwives should take proper history to identify these surgeries 
specially when medical records are not available [56, 57].

 Advanced Maternal Age

Maternal age of 35  years or older has been a suggested risk factor of PAS.  A 
Scandinavian cohort study of 605,567 women found that advance maternal age was 
associated with increased risk of PAS (OR 4.6; 95% CI 3.2–6.7). However, this 
association may be prone to several confounders, rather than with isolated maternal 
age [4]. This relationship may be hindered by impact of age on parity, increased 
number of CSs, higher risk of PP, as well as a higher likelihood of preceding uterine 
surgeries or fertility medical procedure but also may represent an altered hormonal 
or implantation environment [34, 54, 56, 57]. In fact, a multivariable logistic regres-
sion conducted by Bowman ZS et al. did not find significant association between 
maternal age greater than 40  years and parity, hypertension, diabetes, race, pre-
pregnancy body mass index, education, and risk of PAS [34].

Regardless, pregnancy at age 35 or older does not typically present a modifiable 
risk factor of PAS and cannot be used in the structure of preventive measures 
directly. However, this information may be indirectly used during preconception 
counseling and reproductive decision-making when couples consider their 
plans [56].
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 Interpregnancy Interval

Yang T. et al. [54] endorsed significant difference in incidence of PAS in patients 
with longer intervals between the last CS and current pregnancy from 71.78 to 
91.14 months (p < 0.001). However, when adjusted for other confounders, Bowman. 
et al. [34] did not appreciate significant risk in relation to this variable. Thus, the 
possibility of using the interpregnancy interval to reduce the likelihood of develop-
ing PAS requires further study.

 Smoking

Generally, smoking is associated with increased risk of several medical, obstetric, 
and perinatal complications, including PP and stillbirth [2, 58]. Although there is no 
robust evidence that smoking solely increases risk of PAS [34], smoking session is 
an integral part of preconception and antenatal care and should always be encour-
aged [59].

 CS Technique

The rising rates of PAS in the current century may not be only contributed to sub-
stantial increase in CS rates. Interestingly, incidence of PAS has doubled among 
women with previous CS scars since 2000, suggesting potential contribution of 
other surgical factors to this incidence [60]. One theory attributed this trend possibly 
to the change in suture material, which may alter uterine ability to heal after surgery 
and predispose to trophoblastic invasion in subsequent pregnancies [60]. Practice 
change related to peritoneal closure may have contributed at a time since now there 
is growing evidence that peritoneal closure does not reduce adhesion formation and 
it may increase risk of infectious and febrile morbidity [61]. Obviously, these theo-
ries attempt to find a causal relation between change in practice and healing process 
since the quality of uterine scar directly impacts the pathophysiology of PAS [62].

Consequently, parallel directions have been investigated to identify technical 
strategies that would reduce deficient uterine healing and probability of PAS in 
subsequent pregnancies. Sumigama S et al. investigated the impact of suturing tech-
nique on PAS incidence, and their results showed that hysterotomy closure using 
interrupted sutures was associated with lower probability of future PAS compared 
to continuous suturing [63]. Nevertheless, a meta-analysis of nine randomized con-
trolled trials, including 3696 participants, concluded that the number of layers does 
not strongly influence uterine scar healing and that there was no significant differ-
ence in uterine scar defects when single-layer was compared to double- layer closure 
(RR 0.77, 95% CI 0.36–1.64) [64]. Two more recent randomized controlled trials 
reported that double-layer closure with unlocked first layer was associated with 
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better uterine scar healing as compared to locked single layer. However, this study 
assessed residual myometrial thickness as an indicator of healing, but not incidence 
of PAS in subsequent pregnancy [65, 66]. Another prospective study investigated 
possible risk factors of niche formation after CS and found no difference in out-
comes depending on the urgency of CS indication. Most contributing factors were 
gestational diabetes (OR 1.73; 95% CI 1.02–2.92), previous cesarean delivery (OR 
3.14; 95% CI 1.90–5.17), and higher maternal body mass index (OR 1.06; 95% CI 
1.01–1.11). Surgical techniques were not studied. Again, this study indirectly inves-
tigated CS healing process, but not the risk of PAS [67]. There is currently insuffi-
cient evidence to support interpregnancy correction or cesarean scar revision with 
different surgical techniques [68].

With due regard to difficulties in the comparative assessment of the probability 
of the impact of this factor on the formation of PAS in subsequent pregnancy, the 
problem requires further study. It can be assumed that subsequent studies will be 
aimed not only at determining the benefits of various surgical techniques but also at 
using biological agents that improve tissue healing. Modification of this risk factor 
at the current stage of our understanding of the development of pathology has no 
practical significance.

 Assisted Reproductive Technologies

These technologies increase the risk of PAS approximately three times (OR 3.1; 
95% CI = 1.6–5.8) [57]. Some studies have shown that cryopreserved embryo trans-
fer has a higher risk for PAS, retained placenta, and postpartum hemorrhage than a 
fresh in vitro fertilization cycle [69, 70]. Kaser DJ et al. [71] showed that PAS was 
associated with a significantly thinner preimplantation endometrium, which occurs 
in unstimulated cryopreserved embryo transfer cycles with uterine preparation. 
Further research is warranted to distinguish the direct role of embryo freezing from 
related endometrial factors and to determine potential modifiable risk factors for 
abnormal placentation, such as method of freezing or endometrial preparation [72].

In summary, strategies of primary prevention of PAS should be based on the 
public education national policy, focused on modifying numerous additional PAS 
risk factors: formation of a dominant for the timely implementation of fertility, pre-
vention of unplanned pregnancy, smoking cessation, etc. Further studies on the 
impact of potentially causative factors that would increase the risk of PAS from the 
standpoints of evidence-based medicine are needed.

 Secondary Prevention of PAS

Secondary prevention of PAS intends to prevent complications, which would be 
associated with significant morbidity, mortality, and adverse reproductive out-
comes. A cornerstone to achieve secondary prevention is to promote early 
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diagnosis of PAS.  Numerous medical communities including the International 
Federation of Gynecology and Obstetrics (FIGO), Society for Maternal-Fetal 
Medicine (SMFM), ACOG, RCOG, and Society of Obstetricians and 
Gynaecologists of Canada (SOGC) emphasize on the possibility of suspecting and 
diagnosing PAS in the first trimester [2–4, 73, 74]. Many experts use the term 
“caesarean scar pregnancy” (CSP) to refer to abnormal invasion in the first trimes-
ter, specifying that CSP and PAS are stages of a single process of abnormal inva-
sion of placenta [75–80]. With due regard to high risks of CSP progression, experts 
of FIGO, SCOG, and SMFM recommend pregnancy termination as soon as the 
diagnosis is confirmed, a strategy that can be considered as secondary prevention 
of PAS [4, 68, 73].

Challenges to secondary prevention include lack of robust sonographic indica-
tors of risk and degree of PAS in asymptomatic patients particularly early in preg-
nancy [2, 76, 80, 81]. Determination of reliable predictive criteria is hindered by 
small sample sizes, retrospective designs of most studies investigating early ultra-
sound diagnosis of PAS, and wide variation in definition and inclusion criteria, 
which leads to inconsistency in performance and skewed sensitivity [72, 76, 
78, 82–84].

Feasibility of early ultrasound scan at 5–8 weeks of pregnancy to identify implan-
tation site of gestation sac is approved by many experts [80, 85]. Nevertheless, 
introduction of mandatory early ultrasound scans for the purpose of early PAS diag-
nosis in patients with CS scars was investigated in Italy, and it has not contributed 
to lowering PAS rate [86]. Thus, further investigations are required to optimize and 
validate the value of this strategy.

Studying biochemical markers of abnormal placentation is another approach that 
yields promising results. Many studies linked elevated PAPP-A and β-hCG to PAS 
in the first trimester [87–90]. However, these markers are nonspecific, and they have 
been associated with a variety of maternal and fetal conditions. Therefore, interpre-
tation of results should be carefully made in concordance with clinical background. 
Currently, there is insufficient evidence to recommend utilization of first trimester 
maternal serum level of biomarkers to screen for PAS disorders, and further investi-
gations are merited [4, 73].

Future research should consider developing robust prediction models that could 
stratify risk early and differentiate women at higher risk of first-trimester symp-
toms from those in which progression to viability, although potentially compli-
cated by PAS disorders, is more likely [73, 80]. Standardization of available data 
and identification of additional informative features are necessary for development 
of a model of contingent screening in the first trimester of pregnancy. Such screen-
ing could combine sonographic, biochemical marker, and clinical information to 
identify PAS risk. Contingent screening in the first trimester could present the 
basis of secondary prevention. In addition, early diagnosis and routing to compre-
hensive care in a specialized center are critical to reduce maternal morbidity and 
mortality.
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Chapter 13
Setting Up a Referral Center for Placenta 
Accreta Spectrum

Sarah Tounsi, Karin A. Fox, Michael A. Belfort, and Ahmed A. Nassr

 Introduction

The incidence of placenta accreta spectrum (PAS) continues to increase worldwide 
paralleling the increased rates of cesarean section [1] and other gynecologic and 
reproductive interventions. Given the magnitude of the problem, and the technical 
expertise and resources required to manage these patients safely, “centers of excel-
lence” (CoE) have been established in many countries. While this is prudent, and is 
to be commended, the lack of a standardized definition of what constitutes a CoE 
and meaningful oversight complicates the issue. It thus behooves us to establish 
criteria for those institutions who claim the distinction of being a PAS referral cen-
ter CoE and to be clear about what it takes to truly be a CoE as defined by outcomes 
and best practices, not just in name. By definition, a CoE is “a specialized program 
within healthcare institutions which supply exceptionally high concentrations of 
expertise and related resources centered on particular medical areas and delivered in 
a comprehensive, interdisciplinary fashion” [2].

In 2015, the American College of Obstetricians and Gynecologists (ACOG) and 
Society of Maternal Fetal Medicine (SMFM) developed a system for risk- appropriate 
maternal care facilities. This system is based on the expertise of the medical team 
and the region of operation. The aim was to reduce the overall maternal morbidity 
and mortality in the USA [3]. This is the basis of the levels of maternal care (MLOC) 
system which is now operational in many states. In the MLOC system, hospital 
designation is defined in a manner similar to the neonatal ICU designation system, 
whereby Level I centers offer the most basic level of care and Level IV centers offer 
comprehensive, complex, multidisciplinary care for the highest-risk patients. Both 
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the ACOG and SMFM strongly recommend that patients who have PAS receive 
both medical and surgical care at a high-level center (MLOC III or higher) [4]. In 
2021, the state of Texas has enacted a law (SB1164) requiring women with PAS to 
be referred to an MLOC III or IV facility for evaluation and management. 
Management in a facility with a designated program and multidisciplinary team has 
been shown to significantly improve maternal morbidity and mortality in PAS 
patients [4]. Specifically, women who deliver in such centers are at a reduced risk 
for needing a massive transfusion and for being subjected to re-operation when 
compared with delivery in a less specialized setting [5]. Despite published recom-
mendations, as of 2013, only 25% of obstetricians polled by ACOG reported that 
they regularly referred patients with suspected PAS to a CoE [6]. We aim to describe 
the conditions and resources required to set up a PAS CoE and to highlight potential 
questions a referring provider and patient should ask of referral centers.

 What Constitutes a PAS Center of Excellence?

Ideal management begins with early and accurate identification and diagnosis of 
PAS, preferably in the early antenatal period. This is accomplished mostly using 
ultrasound during the second trimester anatomy survey; however, cesarean scar 
implantation and signs of developing PAS may be seen in the first trimester. 
Magnetic resonance imaging (MRI) may be used (but is often not required) as an 
adjunctive imaging modality [7, 8]. Regardless of the imaging modality used, much 
of the diagnostic accuracy depends upon the experience of the examiner and quality 
of imaging obtained; therefore, expertise in obstetric imaging is crucial in order to 
ensure accurate, and timely, diagnosis, which significantly improve maternal out-
come [9].

Adequate coordination of a multidisciplinary team comprised of personnel with 
the necessary expertise and skills is key for any PAS CoE. The “team of teams” 
should consist of, but not be limited to, specialists in maternal-fetal medicine 
(MFM), imaging (ultrasound and other forms of imaging), pelvic surgery (i.e., 
gynecologic oncology or urogynecology), obstetrical anesthesia, general surgery, 
vascular surgery, urology, interventional radiology, neonatology, and blood transfu-
sion. Skilled nursing leadership, particularly those with experience in the manage-
ment of postpartum hemorrhage and patients of high surgical acuity, should be 
involved [4, 10]. This broad range of expertise is highly recommended given the 
unpredictability of PAS during the course of pregnancy and the likelihood of need 
for complex surgery and the possible surgical complications that may arise at any 
given time.

While all of the members of every team may not be actively involved in every 
PAS case, it is essential that they be aware and ready to respond when such cases are 
planned and carried out. Since most CoE hospitals will be major obstetric referral 
centers, it is essential that the members of the PAS team be available on a 24/7 basis 
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for these patients given the unpredictability of outside referrals and of the onset of 
labor or bleeding that may necessitate delivery ahead of schedule [9] (Fig. 13.1).

Concise and up-to-date guidelines should be available for all team members 
including those addressing preoperative, intraoperative, and postoperative care [9]. 
As far as is possible, all patients should be evaluated preoperatively in the PAS cen-
ter ahead of time to ensure ample time for multidisciplinary team planning, patient 
counseling, and coordination of care. Many centers present their known cases at a 
multidisciplinary conference in order to discuss the planning, preparation, and tim-
ing of delivery. Any unique medical and social issues for the case are also 
reviewed [10].

The importance of an adequately staffed and supplied blood bank cannot be 
overemphasized. Sufficient blood products to allow an ongoing massive transfusion 
should be available 24/7. Whole blood packed red blood cells, fresh frozen plasma, 
cryoprecipitate, platelets, cell-saver technology, tranexamic acid, and lyophilized 
fibrinogen concentrate (Riastap®) should all be readily available [11–13].

PAS surgeries can be extremely complex and carry a high risk of maternal mor-
bidity. Patients can rapidly become hemodynamically unstable and are at risk for 
rebleeding and reoperation. For this reason, postoperative recovery is often carried 
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Imaging Experts
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Anesthesiologists
Urologists
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Neonatologist
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Interventional Radiology
24hr intensive care units
Neonatal intensive care units

Massive Transfusion protocol
Cell Saver and Perfusionists
Alternative Blood Products
Transfusion specialists

Fig. 13.1 Criteria for placenta accreta spectrum center of excellence
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out in intensive care setting [10] where the one-to-one nursing-to-patient ratio and 
availability of sophisticated respiratory and cardiovascular support allow a rapid 
and comprehensive response to any emergency.

 A Quick Overview

Every PAS center of excellence should have its own checklists for admission, surgi-
cal process, and postoperative recovery. The patient is typically admitted to the PAS 
CoE 5–7 days prior to surgery for controlled preparation. Once the patient is admit-
ted, a standardized order set is used by the physician to ensure all necessary con-
sults, blood testing, and blood bank preparations are made in a timely way. A paper 
checklist is completed by the patient’s primary nurse and kept in the chart.

If the patient begins to bleed unexpectedly or go into labor, the team will be noti-
fied immediately and the on-call team can respond within 30 min. In our institution 
the MFM team will be notified first, and once the patient is evaluated, the other 
multidisciplinary teams involved are called in as required. The OR staff is always 
notified at the same time as the anesthesiology team, blood bank personnel, and 
neonatal ICU so that all of the teams are working contemporaneously toward the 
surgery [14].

 Research

Progress in the field of PAS management is an ongoing endeavor, and it is important 
that PAS CoEs, regardless of their size, should be transparent in their outcomes 
(with quality improvement programs and committees and public disclosure of out-
comes) and as much as possible engage in collaborative or individual institution 
research programs [14]. The level of research support varies between different cen-
ters and is highly dependent on the volume of patients seen at that CoE. For smaller 
centers, the ability to collaborate with larger similar centers and networks becomes 
important [14]. Given the increasing incidence of PAS (now around 1:500 deliveries 
in the USA), well-powered studies can now be contemplated if CoEs are open to 
collaborate with each other.

 Conclusion

Patient safety is clearly the highest priority and responsibility for any prospective or 
established PAS CoE. Institutional and community support of a multidisciplinary 
team is a key, and crucial, component of any PAS CoE. Potential challenges include 
internal and external resistance from colleagues, referring doctors, and competing 
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institutions, financial demands, and possible negative publicity around any unfortu-
nate maternal outcomes [8]. However, it is important for the clinicians, administra-
tors, and community to stay focused on the bigger clinical picture during the 
development of a CoE and on the goal which is to decrease maternal morbidity and 
mortality in patients with PAS and to provide the best possible medical and surgi-
cal care.
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Chapter 14
Management of PAS in Low-Resource 
Settings

Dema Adwan, Ahed Hamed, Mustafa Albokai, and Mhd Ali Alabdulrazak

 Introduction

Placenta accreta spectrum (PAS) disorders are considered a potentially life- threatening 
complication of pregnancy that impacts maternal health globally [1]. PAS is associ-
ated with serious morbidities, primarily related to massive hemorrhage with associ-
ated organ damage, cesarean hysterectomy, and the need for critical care resources, 
with maternal morbidity in up to 60% of cases and mortality rate of up to 7% in 
affected patients [2–7]. The incidence of PAS has dramatically increased in the last 
20 years [3]. The main standardized approach is hysterectomy and has remained so 
since the first reported cases [8, 9]. As PAS is a major problem for high- income coun-
tries, low-income countries face a critical situation in managing such cases of maxi-
mum seriousness. Having said that, to achieve safer outcomes in these poor settings, 
a variety of approaches emerged as a way to adapt to some crucial circumstances: the 
limited access to experienced surgeons, the lack of multidisciplinary teams (MDT) 
and insufficient infrastructure, and the absence of the intensive care recommended by 
the related guidelines [4]. This chapter aims to highlight some of the approaches used 
to manage PAS cases in low-income countries, such as Syria, as well as to evaluate 
the correspondence of these approaches to the current evidence-based guidelines.
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 Prenatal Diagnosis

Prenatal diagnosis of PAS is associated with a reduced risk of maternal complica-
tions such as peripartum hemorrhage, need for blood transfusions, and rate of hys-
terectomy, as it plays a crucial role in planning for the management of the condition 
[6, 9–15].

As outlined in a recent Obstetrics Care Consensus, obstetric ultrasonography is the 
primary screening modality for PAS [10, 16]. In addition, it is a relatively inexpensive 
and widely available imaging tool and therefore should be classified as the first line for 
the diagnosis of PAS [12]. The obstetric ultrasound continues to be the recommended 
first-choice procedure for diagnosing PAS not only in developed but also in the mid-
dle- and low-income countries; hence, this practice applies to our region [4, 10].

Markers of PAS can be detected by ultrasonography as early as the first trimester; 
however, in most women, the diagnosis is made in the second and third trimesters. 
Ideally, women with risk factors for PAS, such as placenta previa and previous 
cesarean delivery, should be assessed by obstetrician-gynecologists or other health-
care providers with enough expertise in diagnosing PAS by ultrasonography [10].

Although visualization of PAS findings on ultrasonography can be useful in 
diagnosis, none of the features (or combinations of features) associated with the 
PAS reliably predicts the depth of invasion or the type of placenta accreta spectrum 
[17]. This explains the role of other major tools used for the antenatal diagnosis of 
PAS, such as magnetic resonance imaging (MRI) that is recommended to comple-
ment ultrasound imaging in assessing the depth of invasion and lateral extension of 
myometrial invasion, especially in cases with posterior placentation or in women 
with ultrasound signs suggesting parametrial invasion [10, 11, 17–19].

It is uncertain whether MRI improves the diagnosis of PAS beyond that carried 
out with ultrasonography [17, 20]. Moreover, MRI is more expensive and less 
widely available, especially in low-income countries such as our region. Accordingly, 
MRI is not the preferred recommended modality for the initial evaluation of possi-
ble PAS because of the lack of proof of a clear value and the existence of downsides 
worthy of consideration [21].

 Ultrasound Approach and Placenta Accreta Spectrum Markers

Starting with transabdominal imaging obtains an overview of the placental location 
and the regions of concern. Transvaginal ultrasonography (TVUS) is strongly rec-
ommended for assessing PAS. TVUS optimizes resolution and allows for a detailed 
assessment of the lower uterine segment, posterior bladder wall, and cervix [16]. As 
measuring cervical length in asymptomatic women with placenta previa can help in 
their management decision, a short cervical length measured on TVUS before 
34 weeks with a partially full bladder is associated with increased risk of preterm 
delivery and massive hemorrhage at cesarean section [11]. Color Doppler should be 
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utilized to determine vascularity and placental extension into the uterine wall and 
surrounding structures [16].

While assessing the placental location, placenta previa or a low-lying placenta 
should be searched for and detected antenatally as well [16].

We recommend that if a low-lying placenta or placenta previa is suspected dur-
ing the routine scan, a follow-up ultrasound examination including a TVUS at 
32 weeks of gestation should be made to diagnose persistent low-lying placenta 
and/or placenta previa cases. Besides, if proven at 32 weeks and the patient remained 
asymptomatic, we advocate another TVUS at around 36  weeks of gestation fol-
lowed by a discussion about the best method of delivery.

Ultrasound image magnification should also be performed to enhance the visual-
ization of target regions, for example, perpendicular orientation of the insonation 
angle and applying minimal transducer pressure when assessing the retroplacental 
region [16].

Given the disease continuum from cesarean scar pregnancy (CSP) to PAS and the 
fact that CSP markedly increases the risk of PAS, screening for PAS should begin 
early in the first trimester and continue throughout the pregnancy until practitioners 
conclude on the sonographic concerns for PAS [22–24]. Nonetheless, in our region, 
many CSP cases do not undergo early screening and present with complications 
later during pregnancy.

In Syria, markers outlined in the latest obstetric consensus are applied by 
obstetric- gynecologist experts in evaluating women with suspected PAS.  Using 
these markers is of high significance especially in low-income countries as they 
improved the prenatal diagnosis of PAS, thus implementing the appropriate proce-
dures available under low settings.

 First-Trimester Evaluation

The prevalence and type of markers of PAS vary between the early first trimester of 
pregnancy (6–9  weeks of gestation) and the later first trimester of pregnancy 
(11–14 weeks of gestation) [22].

As mentioned earlier, when performing TVUS the maternal bladder should be 
partially filled enough to allow for a sonographic window, but without overfilling 
which can result in distortion of the uterovesical interface [16].

In patients with a previous cesarean delivery, implantation of a gestational sac in 
the lower uterine segment on ultrasound early in the first trimester is one of the most 
common markers for PAS in this period. Whence, a detailed evaluation of the uterus 
is necessary [25].

However, in the late first trimester, low implantation of the gestational sac is 
identified [22].

Anterior placentation at the first-trimester sonographic evaluation is more com-
mon in women with PAS at delivery [22, 26, 27]. Similar to findings in the second 
and third trimesters, the presence of multiple PAS markers in the first trimester 
increased the diagnostic accuracy [28–30].
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 Second- and Third-Trimester Evaluation

Previous papers traditionally described other markers in the second and third tri-
mesters that were also detected in the late first trimester and are variably associated 
with PAS [28]. The definitions of the individual features are inconsistent but include 
the presence of placental lacunae, abnormal bladder interface, uterovesical hyper-
vascularity, and loss of the retroplacental clear zone [22, 26, 27, 29].

Second- and third-trimester markers include placental lacunae (frequently 
described as classic ultrasound markers of PAS), abnormal uteroplacental interface, 
abnormal uterovesical interface, miscellaneous markers which include placental 
bulge, exophytic placental mass, and cervical vascular extension [16].

We assert that in order to strictly identify the risks and establish a better managing 
plan for each patient, such imaging findings should be discussed between the manag-
ing team and radiologists [1]. We also emphasize that although ultrasound is a signifi-
cant modality in the diagnosis process, there are several limitations of its use in 
detecting PAS. Ultrasound is an imaging tool that depends on many factors, including 
the operator of the exam and his skills in performing the ultrasound [16]. This is mainly 
true in regions where there is a lack of ultrasonography expertise in identifying features 
of PAS [10].The detection rates will depend on the location of the placenta and mater-
nal imaging conditions that impact the sonographic visualization of markers [16].

Despite optimizing a systematic approach to ultrasound examination for PAS 
markers, intrinsic limitations of ultrasound can lessen detection rates, including 
posterior placentation with limited sound penetration and resolution, elevated 
maternal BMI, and uterine leiomyomata [16].

Supposing the importance of ultrasound, the absence of ultrasound findings does 
not preclude a diagnosis of PAS. Thus, clinical risk factors remain as essential pre-
dictors of the placenta accreta spectrum by ultrasound findings [10].

 Planning for Delivery

 Where to Deliver?

Since the main risk associated with the delivery of patients diagnosed with PAS is 
massive hemorrhage and its related complications such as death, planning for deliv-
ery is crucial in minimizing morbidity and mortality rates [4, 11]. In addition, 
patients managed antenatally in a center of excellence (CoE) are less likely to 
require emergent surgery, large-volume blood transfusion, and reoperation within 
7 days of delivery for bleeding complications compared with women managed by 
standard obstetric care without a specific protocol [31].

On that account, many protocols recommend that once the diagnosis of placenta 
accreta spectrum is made, a contingency plan for emergent delivery should be 
developed in partnership with the patient [4, 11, 12]. The delivery plan should 
include referring patients to a dedicated center so that delivery takes place in a 
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specialist center with a multidisciplinary team (MDT), which will be discussed 
respectively, with expertise in complex pelvic surgeries and logistic support for 
immediate access to blood products, in addition to adult and neonatal intensive care 
units [3, 4, 11, 12].

We suggest informing the patients about the risks and solemnity of their condi-
tion and the consequences associated with deliveries in an unequipped center, along 
with discussing any possible choices.

If the patient’s condition is stable and there are no episodes of bleeding, we can 
progress as an outpatient with a strict plan for delivery in a well-resourced setting. 
Yet, in a resource-poor setting with poor social circumstances (e.g., availability of 
emergency transport 24/7, patient education, and distance from the specialist cen-
ter), the clinicians opt for hospitalization until delivery [32]. Despite the obstetri-
cian’s advice, many of them decline to accept in-house care due to multiple 
socioeconomic reasons and ultimately present with acute emergencies [33].

If patients are managed at home, they should be encouraged to ensure having 
safety precautions in place, including someone available to help them as necessary 
such as getting to the hospital [11, 34].

To sum up, all of the above are the best approaches to apply in our region espe-
cially when it comes to hospitalization decision that better be discussed upon their 
clinical status.

 When to Deliver?

As for the timing of delivery, recent research is conflicting with varying recommen-
dations, and the optimal timing of delivery for patients with PAS remains uncertain. 
Different protocols have been published ranging from 34–36 weeks to 36–38 weeks 
for non-emergent deliveries [15, 35, 36]. As pregnancy progresses in PAS patients, 
there is an increased risk for prepartum hemorrhage, and delivery beyond 36 weeks 
is not advisable because over half of these cases required emergency admission due 
to hemorrhage [9, 10]. Furthermore, non-emergent deliveries have better outcomes 
regarding maternal morbidity and blood loss, and preterm deliveries (34–35 weeks) 
showed a decrease in emergent deliveries reducing maternal mortality risk with no 
adverse effects on the fetus or the neonate [13–15].

In other situations, delivery must be at an earlier time as in cases of maternal 
morbidity development, membrane rupture, and persistent vaginal bleeding [10].

Thus, a PAS patient diagnosed early and managed electively at 34 to 36 weeks 
by an MDT in an adequately resourced center is required for optimal results, and 
planned preterm delivery is highly recommended in patients with episodes of con-
tractions, prepartum hemorrhage, and PPROM [9]. We suggest this to be the best 
approach to be held in low-income countries considering the available recourses 
and the ability to manage emergent deliveries.

In Syria, we tend to extend the time of delivery beyond 36 weeks without com-
plications as possible, as we do not have well-equipped neonatal intensive care units 
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which would guarantee enough postoperative care for the baby if it was delivered at 
a sooner age.

 Who Should Deliver?

Ideally as discussed before, patients with PAS should be managed by an MDT con-
sisting of an obstetrician-gynecologist experienced with complex pelvic surgery in 
a specialist center, or preferably by the senior-most obstetrician and anesthetist in a 
minimum-equipped setting [3]. However, in low-setting centers when a trainee is 
attending the delivery in cases of emergency, the senior-most obstetrician and anes-
thetist should be alerted immediately and attend urgently toward avoiding profound 
maternal complications [11, 37].

 MDT and Hospitalization

Appropriate management expertise is critical for an accreta center of excellence 
(CoE). Most authorities believe that outcomes regarding patients’ safety are 
improved in a CoE with a well-established MDT [3, 9, 13, 15, 36, 38–40]. As a 
result, in such settings, the need for a second surgical operation and large volume 
blood transfusion is to a smaller extent, and patients are less likely to experience 
morbidity than those receiving obstetric care in traditional unequipped settings [13]. 
Significantly, more studies reported lower maternal mortality rates in cases of 
obstetric hemorrhage and better outcomes of emergency deliveries when performed 
in centers of excellence with MDTs that fit the criteria of the current evidence-based 
guidelines [15, 39].

As shown earlier, one of the fundamental factors to success in a PAS Center of 
Excellence is to have a multidisciplinary team of coordinated providers with enough 
expertise in managing PAS cases [16].

This is proven true, especially in low-income settings; to optimize the available 
resources and maternal health outcomes, the MDT approach is of utmost impor-
tance as resources and technical abilities are limited in such settings [4, 13, 15]. The 
optimal scenario is achieved when adopting this approach in the settings of elective 
operations, in an environment that is specifically designed for PAS management [3].

Consequently, for low-income countries, this applies as follows: women with a 
diagnosis of PAS should be referred to a regional center dedicated to the interdisci-
plinary management of the condition, where resources are concentrated and experts 
of multiple specialties assemble as an MDT while emphasizing that all cases of PAS 
(diagnosed prenatally or intraoperatively) should be treated in such center, for the 
experiences to accumulate and further improve the MDT ability [4].

Under concordant recommendations, an MDT should include the following: 
experts in imaging for diagnosis, experts in complex surgery (gynecologic oncol-
ogy, pelvic surgeon, urogynecologist) and additional specialists for surgical 
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complications (vascular surgeon, urologist), adult and neonatal intensive care units 
with the respective specialists, interventional radiologists, and a blood bank with 
massive transfusion protocols [3, 4, 9, 41]. In circumstances like ours, a gynecolo-
gist and a urologist are the only ones available most of the time, with access to 
vascular surgery specialists occasionally.

As for the timing of hospitalization, two different situations are recognized in 
Syria: elective and emergent cases.

 I. In elective cases, hospital admission should be a few days before the scheduled 
timing of delivery, to evaluate the patient’s hemodynamics and ability to undergo 
the operation (i.e., monitor Hb levels and perform blood transfusion if needed, 
renotify critical care units and blood bank, and get the MDT ready with fully 
equipped operation room). This applies to outpatient and inpatient elective sur-
geries, and then, hospitalization happens at age of 36 weeks of gestation. For 
outpatients specifically, patients should be aware and pay attention to any com-
plication that may happen as they should report immediately to any hospital; this 
includes vaginal bleeding, membrane rupture, prepartum hemorrhage, and 
PPROM. Henceforth, an emergency hospitalization may be indicated.

 II. In case of bleeding, the patient is to be hospitalized immediately and should 
remain so until the timing of delivery.

In preparation for delivery, the administration of corticosteroids is essential for 
fetal lung maturation [9]. Corticosteroids should be administered to all women with 
PAS as preterm delivery is very likely. Preferably, the administration should be at 
34–36 weeks of gestation as a single-course therapy, and even earlier for patients 
who are at particular risk of preterm delivery [11, 41–43].

In our situation, it’s performed earlier than week 34 of gestational age, and this is 
highly important in poor settings as there could be a lack of beds in neonatal care units.

On the other hand, in patients with symptomatic PAS, facilitation of corticoste-
roids administration could be considered, by performing tocolysis for 48 h as rec-
ommended in evidence-based guidelines, which is also applied in low-income 
countries. It is noteworthy to mention that tocolysis is indicated only in symptom-
atic PAS, not in other situations [44].

Due to the risk of prepartum hemorrhage in cases of PAS, hemoglobin levels 
should be monitored, especially since anemia is of high prevalence in pregnancy (as 
high as 38%), mostly caused by iron deficiency [9]. If iron deficiency is confirmed 
(hemoglobin level is less than 110 g/L before 28 weeks of gestation, or less than 
105 g/L after 28 weeks of gestation), it should be corrected via oral supplements, 
intravenous injection, or erythropoiesis stimulation if indicated [4, 9–11, 45]. 
Unfortunately, in low-income countries, the recommendations regarding the correc-
tion of hemoglobin levels during pregnancy are not always put into consideration, 
due to many reasons: insufficient prenatal visits, socioeconomic status of the patient, 
and lacking awareness of the seriousness of the case.

In addition, preoperative measures must be taken, to properly manage complica-
tions if persistent hemorrhage occurred, and a blood bank should be notified in 
advance. Ideally, a blood bank should be able to perform massive transfusion proto-
cols; prothrombin complex concentrate; coagulation factors VII, VIII, and IX; and 
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prior cell salvage [4]. In poor settings, this criterion may not fit and only exists in a 
few centers. Thus, prior notification to said center and coordinated transport of the 
patient are essential while using volume expanders until the patient can receive a 
better level of care. Such procedures, tools, and facilities do not all exist in Syria.

The risk of venous thromboembolism development should also be estimated 
after hospitalization and balanced with the risk of hemorrhage from the low-lying 
placenta or placenta previa [11]. This is important due to the patient’s bed rest and 
lack of movement and the possibility of massive bleeding, which all together 
increases the risk of venous thromboembolism. As a result, it is advised to use com-
pression stockings to help minimize the risk [46, 47].

Another pivotal aspect is the availability of neonatal care units and neonatologists 
capable of providing round-the-clock services, managing any delivery whether 
planned or unexpected, and monitoring the neonate postoperatively due to some pos-
sible complications (related to PAS or not) occurring after delivery [15]. To the extent 
of enhancing neonatal health outcomes in poor settings, hospitalization of PAS patients 
should ideally be scheduled in terms of informing the neonatologists about its indica-
tion and gestational age with emphasis on early lung maturation of the fetus. This is 
crucial due to the probability of lacking neonatal care resources in such settings [4, 48].

Overall, to achieve high-quality care that is in alignment with guidelines recom-
mendations in such poor settings, multiple elements should be guaranteed: the pre-
operative planning should include a multidisciplinary involvement with an emphasis 
on consultant anesthesiologist and obstetrician role in planning and direct supervi-
sion over the operation, with free access to a fully operational blood bank with the 
available blood products and availability of level 2 critical care beds [11, 49].

 Surgical Management

Many debates have been held about the optimal surgical approach for antenatally 
suspected placenta accreta spectrum, as there yet to be no RCTs comparing differ-
ent surgical techniques. Note that a high rate of maternal morbidity continues to 
exist irrespective of the approach to be conservative or radical, though an experi-
enced staff in a specialized facility can significantly reduce possible risks [3, 13, 15, 
36, 40, 57].

It is worth mentioning the factors affecting the decision of the proper surgical 
approach: the position of the placenta, depth of invasion, the parametrial extension 
of the PAS as evaluated by ultrasound and/or MRI before delivery, visual assess-
ment of the uterus at the time of surgery, and the presenting clinical symptoms like 
bleeding [11, 34, 58].

Referring to the previous point about early diagnosis and its associated better out-
comes, the patient and her partner must be fully briefed and counseled about any treat-
ment options and their potential effects [16]. This includes gaining consent for cesarean 
hysterectomy and informing the patient about the risk of sepsis and delayed hemor-
rhage that can occur when the uterus is conserved with the placenta left in situ, also 
about the possibility of proceeding from conservative to radical methods if needed [11].
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 Urologic Injury

Urologic injury is a potential complication when it comes to PAS surgical manage-
ment, especially associated with standard hysterectomy. Thus, modification of the 
surgical techniques is essential to minimize the risk of such injuries [59].

One of the followed procedures is the preoperative placement of ureteric stents. 
Research has shown that it can reduce the risk of urologic injury from 33% to 6%, 
but it has also shown that its use is attributed to the surgeon’s preference and is not 
always performed [4, 60]. Accordingly, ureteric stents are not commonly used in 
Syria due to lack of availability.

Cystoscopic assessment is another procedure that influences the urologic tract 
injury. It provides evidence of placental invasion of the bladder, thus alarming the 
surgeon to be aware of the situation and providing extra caution while dissecting the 
bladder [9, 60, 61]. Hence, in a situation like ours, it is recommended to perform 
cystoscopy in case of suspected invasion of the bladder by the placenta percreta, if 
indicated by the prenatal imaging or the patient presents with hematuria.

 Type of Incisions for Access

Mostly, a midline incision is recommended for PAS disorders diagnosed prenatally 
or at the time of cesarean delivery [9, 15, 36, 59, 62, 63].

However, in Syria, Pfannenstiel’s incision is the most used surgical incision. On 
the other hand, the para-midline incision is rarely used, even by urological surgeons 
if they were summoned during the surgical procedure as it could be a conservative 
approach and for consideration of the psychological aspect of the patient as there is 
a possibility that she would undergo a hysterectomy which in turn could affect her 
psychological condition.

 Blood Conservation Techniques

Various procedures and techniques can reduce the risk of blood loss and conserve 
blood volume either preoperatively or intraoperatively [9].

Tranexamic acid, a hemostatic antifibrinolytic agent, is wildly used to control 
hemorrhage and proved to significantly reduce hemorrhage-associated mortality. 
Unfortunately, it is not used in settings like ours [9, 64–66].

Balloon occlusion catheters are also used to control blood loss by inflating a bal-
loon catheter in major arteries with interventional radiology guidance. As opposed, 
evidence of its efficacy is still lacking, and its use is controversial due to potential 
risks [11, 67]. For that reason, it is not recommended for routine use yet including 
in our country due to the unavailability of interventional radiology facilities.

Another procedure is internal iliac artery ligation, of which the advantages are 
comparable to those of balloon occlusion catheter, but with an additional advantage 
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of the possibility of application in poor-resource settings as it does not require spe-
cialized facilities. There is still insufficient evidence about which of the prior two 
procedures has better outcomes [1]. It is worth mentioning that artery ligation is 
used intraoperatively in our case when indicated.

On the other hand, some centers adopted the cell salvage technique as a measure 
to reduce the need for blood product transfusion despite being relatively expensive 
[9, 68–70]. As follows, its cost-benefit ratio is not favorable in our settings.

More importantly, no attempt to remove the placenta should be taken if PAS was 
suspected or diagnosed intraoperatively, as removal in cases of PAS is known to 
trigger massive uncontrolled hemorrhage. This is particularly essential in situations 
where access to blood transfusion is limited [6, 9, 13, 40].

In a hysterectomy procedure for treating PAS, manual separation of the placenta 
should be avoided as well as uterotonic agents, that is, leaving the placenta in situ is 
associated with lower blood loss. In specific cases where the placenta spontaneously 
separates to some extent with limited invasion in depth and width, conservative 
approaches could be employed and the choice of such approaches is dependent on 
the specifics of the new situation; therefore, uterotonic agents could be administered 
if enough separation occurred, or in cases of total spontaneous placental separation, 
thus ruling out PAS as a diagnosis [9, 59].

 Surgical Methods

The method of choice in managing PAS is dependent on multiple factors, namely, 
the patient’s wish for future fertility, preoperative and intraoperative findings, and if 
the situation allows for conservative treatment or not [71]. If the conservative man-
agement is not an option or the patient did not opt for it, the method of choice is en 
bloc resection of the uterus with the placenta left in situ. While there are various 
approaches for conservative treatment, the risk for morbidity and safety of such 
procedures is debatable [4, 10, 71].

After placing the patient in a lithotomy position for proper evaluation of intraop-
erative bleeding and placing of a urinary catheter, infusion of the bladder with 
200 cc normal saline is advised, ideally with methylene blue dye. This procedure 
should be either applied in radical or conservative methods and can be re-applied 
multiple times during the operation.

It should be noted that the following steps are mutual in both conservative and 
radical approaches, and each of them will be detailed thoroughly.

• First, administration of anesthesia is initiated, and the abdominal incision 
is made.

• Once accessed to the abdominal cavity, observation and inspection of the pelvis 
is essential to visually assess the depth of placental invasion and recognize any 
adhesions caused by prior surgeries.

• Afterward, sharp bladder dissection is achieved before uterine incision toward 
the lower parts of the bladder while holding the posterior bladder wall with 
Babcock forceps [67]. This is an essential step and should be done carefully until 
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the cervix is reached. Bladder dissection before delivery is a key feature to reduce 
bladder injury, as it allows the identification of tissues properly and detection of 
the vescico-uterine plane before hemorrhage happens [9, 72].

• Major feeding vessels are to be secured and the abundant neovascularization 
should be stabilized, whether on the uterus or the bladder using bipolar 
electrocautery.

• The last two steps are essential in minimizing urologic injury by avoiding intra-
operative bleeding that hampers visibility and requires urgent dissection of the 
bladder, which is already covered by a pool of blood, thus making it more diffi-
cult to get the vesico-uterine plane. As a result, neovascularization obstructs 
bladder dissection by causing major bleeding, especially in cases of percreta [9].

• In those cases of percreta where there is an extensive bulging of the thinned-out 
uterus into the posterior bladder wall, adopting a lateral approach in the dissec-
tion of the bladder could be the manner of choice; entrance between the two 
layers of the broad ligament after detaching the round ligament may allow step-
wise devascularization of the uterus and may aid later in hysterectomy [9, 73].

• In cases of placenta percreta with bladder involvement, it is recommended to 
perform a cystotomy to identify the villous tissue and remove the involved seg-
ment of the bladder. The incision should be performed until it reaches ureters’ 
opening to allow adequate dissection of the posterior segment of the bladder [9, 
15, 59].

• After that, a hysterotomy incision is performed, ideally in the upper segment of 
the uterus to avoid the placental site. Some may proceed with exteriorization of 
the uterus outside the abdominal cavity through the abdominal incision, to gain 
better control and manipulation over the uterus and is helpful by causing tension 
over the arteries of the uterus and ovaries, thus reducing blood supply to the pla-
centa [9, 74]. However, we tend to exteriorize the uterus immediately after the 
baby is born then close it with hemostatic sutures.

• At the delivery, the umbilical cord is cut, tied, and placed in the uterus while the 
baby is handed over to the neonatal team. Precautions should be considered to 
not disturb the placental bed. If the placenta is transected accidentally, immedi-
ately clamp the umbilical cord to stop fetal blood loss [11, 75].

If the diagnosis is set to be placenta percreta and was seen with the naked eye in 
the laparotomy, then we never wait for the placenta to be separated; we proceed with 
closing the uterine incision completely after leaving the placenta and execute emer-
gent hysterectomy.

However, if the case was placenta increta and confirmed during surgery, it is pos-
sible not to wait for placental detachment and proceed immediately with hysterec-
tomy, noting that there is a possibility that a part of the placenta could be separated 
during surgery leaving the other part inserted within the myometrium, hence treated 
with a conservative approach that will be mentioned later.

However, in the case of accreta, it is necessary to wait for 15 min maximum 
while holding the edges of the uterus; if the placenta completely separates spontane-
ously, then the diagnosis of PAS is excluded, but in case of partial separation, con-
servative management is the mean of choice with attention made to the necessity of 
hemostasis.
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 Conservative Techniques

Many techniques were described in the literature to control hemorrhage including 
uterine and endo-uterine compressive sutures. B-Lynch technique, described in 
1997, is still the best-known suture technique [77]. Interestingly, a new method 
came out combining B-Lynch and the intrauterine balloon technique, which proved 
its success in preventing PPH in placenta previa [78].

• Methotrexate (Mtx), a folate antagonist, was first described by Arul Kumaran 
et al. as an adjuvant therapy for the conservative management of placenta accreta. 
There has been a controversial conflict about its value actions with some arguing 
that it induces placental necrosis and promotes more rapid regression of the pla-
centa and others specifying its action only on rapidly dividing cells, conflicting 
with the fact that trophoblastic proliferation does not occur after delivery and 
therefore finalizing that methotrexate is of no value.

In addition, there has been a lack of randomized trials regarding its optimum 
dosing, frequency, or route of administration [76].

In our settings, its use is limited to the presence of small focal placental rem-
nants without severe bleeding. However, it is rarely used as it requires a pro-
longed hospitalization for the patient (3–4 months) for continuous monitoring of 
bleeding, and that is not acceptable in our society aside from being refused by the 
patient due to multiple socioeconomic reasons.

• Triple P procedure is also a conservative modified surgical technique, described 
in 2010 and applied when the placenta appears to be focal, that there is a portion 
of the placenta separates gradually while the other portion is engraved in the 
myometrium [32]. With knowing that focal adhesion is susceptive to wedge 
resection with complete removal of the placenta and repair of the uterus, consid-
erations to this case may be given to the extension of the classical uterine inci-
sion, initiating the resecting of the placenta and implantation site [1]. Triple P 
procedure involves three steps, followed by a second step using interventional 
radiology before patient transfer to the obstetric theater [1]:

 1. Preoperative localization of the placenta and delivering fetus by incision 
above the upper border of the placenta

 2. Pelvic devascularization by inflating balloon catheter in both internal iliac 
arteries

 3. Placental non-separation with myometrial excision and uterine wall 
reconstruction

Due to the lack of interventional radiology in our region, this procedure 
cannot be applied.

• Tamponade techniques use the cervix as a natural tamponade in controlling post-
partum hemorrhage caused by placenta previa and placenta accreta [79–82]. This 
technique is not fairly used in our country, except for some surgeons.

• Expectant management is defined as leaving the placenta in situ, waiting for its 
complete spontaneous resorption, then followed by one of the multiple proce-
dures, inclusive of administration of methotrexate, embolization of the internal 
iliac or uterine arteries, or other described procedures [11]. This is usually 
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inquired after an elective caesarian section encountered by an undiagnosed pla-
centa accreta in an unequipped center for PAS emergencies.

• In Syria, whenever we come across the previous scenario, we close the hyster-
otomy incision immediately after delivering the baby, leaving the placenta in situ 
without any intervention, and then transfer the patient to a qualified multidisci-
plinary center to take the correspondent actions.

• In line with the procedure held in Syria in case of partial insertion of the placenta 
into the myometrium is the following detailed explanation:

 1. Tie a Nylon fiber with a Vicryl one.
 2. Make three knots and make sure of their stability.
 3. Insert the needle of the Nylon fiber from the anterior wall of the uterine into 

the posterior wall at the level of the lower segment (site of accreta).
 4. Pull the Nylon fiber with the Vicryl.
 5. Insert the needle of the Nylon fiber from the posterior wall of the uterine into 

the anterior wall and pull the knot with the Vicryl fiber gently.
 6. Ask the assistant surgeon to make sure of the permeability through the lower 

segment and not to be completely closed, in anticipation of hematoma forma-
tion over the suture.

 7. Make sure that the knot is pulled enough.

• This procedure is considered as one of the compression suture types applied to 
the lower segment. As soon as it is completed, we should ensure that the walls of 
the uterus are tightened into each other at the level of the lower segment with the 
cervix left open for any amount of blood to drain, preventing the formation of a 
hematoma as described earlier.

• Unfortunately, if any bleeding is detected at the site of sutures, we should initiate 
with uterine artery ligation, and if bleeding continues, ligation of the anterior 
branches of internal iliac arteries would be the safest solution in hand, while 
uterine hysterectomy stands as the last definite option for a nonstop bleed.

• In addition, due to the unavailability of Bakri balloon in our settings, we usually 
end this given procedure by placing a surgical mesh at the site of suturing before 
tying the knots (to avoid interfering within the mesh) and then extracting the 
mesh from the vagina to be withdrawn after 24 h on condition of no active bleed-
ing in place.

• Concluding with, this procedure is best described as a modified and a similar 
conservative manner to what has been published in literature so far.

 Radical Management

For many years, radical hysterectomy at the time of cesarean section has been the 
primary treatment of placenta accreta spectrum in case of postpartum hemorrhage, 
reducing the risk of its associated complications including injuries to adjacent pel-
vic organs, massive blood transfusions, disseminated intravascular coagulopathy, 
and high mortality rates [11].
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On the contrary, recent research found that emergent hysterectomy is associated 
with maternal morbidity in 56% of cases and with a mortality rate of 3% [11].

Morbidities linked to hysterectomy differ from loss of fertility to complications 
including injury to the gastrointestinal or urinary tracts, infection, as well as mas-
sive obstetrical hemorrhage and its consequences [11].

Among types of hysterectomy, total hysterectomy is the preferred method for 
emergent peripartum hemorrhage as reported in a survey of SMFM specialists 
regarding their management of PAS disorders, with 55% of specialists performed 
total hysterectomy while 45% of subtotal procedure proponents [83].

Supporters of subtotal hysterectomy report decreased blood loss, blood transfu-
sions, perioperative complications, and shorter operating times [60].

However, in cases of PAS disorders with deep invasion up to the serosa and thep-
resence of cervical involvement, subtotal hysterectomy may not be as effective. In 
addition, subtotal hysterectomy has not been shown to protect against urinary tract 
injury compared with total hysterectomy in surgeries for PAS, except for an 
increased likelihood of developing cervical adenocarcinoma over time [60]. 
Consequently, we suggest selecting a total hysterectomy approach in our region.

 Steps of Classical Hysterectomy

If a hysterectomy has been decided at a cesarean section:

 1. Start with closing the uterine incision with the placenta preserved inside.
 2. After holding the round ligaments, cut and ligate on both sides, each separately, 

consecutively.
 3. Dissect the anterior layer of the broad ligament and then open a window from 

which ligation of the adnexa is possible. Concerning recent studies, removing 
the adnexa diminishes subsequent development of adnexal carcinomas, if left 
without excision [60].

 4. Begin with the infundibulopelvic ligament (suspensory ligament of the ovary), 
cut and ligate in both sides, each separately, consecutively, performing a free 
knot first, and then a trans-fixation to the cut edges.

 5. Before clamping the uterine artery, in the absence of bleeding, it is better to 
detect the ureters directly. If an ectasis in the ureter is visualized, a urologist is 
called to probe it. Opening the retroperitoneal space and visualizing the ureters 
can be helpful and preventive from inadvertent damage to the ureters [9].

 6. Clamp the uterine arteries on both sides at a time before cutting, to avoid recur-
rent bleeding.

 7. Resort to ligation of the anterior branches of the internal iliac arteries only in 
case of major bleeding.

 8. For cervical removal, a wedge-shaped section from each side is performed, and 
then the stumps are cut and tied.

 9. Finally, the vaginal vault is suspended on the cardinal ligament with knots or 
locked sutures depending on the presence of bleeding
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Toward ending the hysterectomy, more instructions should not be dispensed with:

 1. Uttermost hemostasis should be achieved, by checking all the stumps that it is 
possible to apply a gelfoam sponge on any blood-oozing surfaces or the poste-
rior surface of the bladder, or a tampon or two where it is pulled out from a sepa-
rate wound in the abdomen and then removed after 24 h or more.

 2. If the posterior wall of the bladder is damaged, it should be repaired with con-
tinuous unlocked sutures within the mucosa, whereas it is useful to repeat the 
injection of normal saline (preferably with methylene blue dye) within the blad-
der to ensure that the entire surface is intact.

 3. Drainage placement is advised in most Cases

In cases of noticeable and ongoing hemorrhage, pharmacological measures are 
attempted and then surgical techniques for hemostasis are tried, respectively. 
Ligation of the round ligament as the first step of hysterectomy allows visualizing 
of the para-rectal and para-vesical spaces with access to the major pelvic vessels 
and the ureters. Then, the anterior branches of the internal iliac arteries should be 
ligated. Significantly, caution is advised at the time of iliac artery ligation, espe-
cially in poor settings, as the ureter is located anteriorly and the internal iliac vein 
posterolaterally; as a result, inexperienced operators should not attempt the proce-
dure unsupervised. Once the ligation procedure is over, ovarian ligaments should be 
secured and transected.

 Intraoperative Considerations According to Recent Guidelines [1]

• Pneumatic compression stockings may be considered if there is a predisposition 
for coagulation [84].

• IV antibiotics are to be given at skin incision [85].
• The upper anterior edge of the placenta should be located using ultrasonography, 

to guide the skin incision required for adequate uterus exposure [86].
• Identification of the anterior or posterior cervicovaginal margins is achieved by 

placement of an instrument in the vaginal fornices before excision of the uterus, 
such as the Breisky retractor [9].

• Inspection of the ureteric orifices is achieved by repeat cystoscopy following 
vault closure and before the closure of the abdomen [61].

We strongly suggest our practitioners stick to the previous considerations when-
ever available.

 Planned Hysterectomy

Planned delayed hysterectomy is an alternative approach used in cases of severe 
invasion of the placenta (placenta percreta which makes immediate surgery diffi-
cult) and is usually performed after 3–12 weeks of the delivery [11]. Despite having 
positive effects such as decreased vascularity and absorption of the placenta, which 
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in turn facilitates the second surgery, risks associated with it are mainly coagulopa-
thy, hemorrhage, and sepsis [36].

While sometimes ligation of internal iliac arteries or embolization of uterine 
arteries could also cause complications, the patient’s strict compliance with the doc-
tor is required [9, 36, 87–89].

Generally, planned delayed hysterectomy is far from being approved or practiced 
in Syria.

 Unexpected Placenta Accreta or Intraoperative Diagnosis

As outlined previously, antenatal consultation, early diagnosis, and planned deliv-
ery proved their role in improving pregnancy outcomes in patients with a suspected 
morbidly adherent placenta [6, 14, 41, 90].

Oppositely, PAS is occasionally discovered unintentionally during delivery, 
either before or after the baby is delivered, and attempts of placental removal are 
performed [10]. In this case, morbidity and mortality rates depend primarily on the 
immediate management made by the medical staff.

In similar situations, it is critical to check for active bleeding; assess the extent 
and location of placental invasion, which can range from a completely visible pla-
centa upon entry into the abdomen to at or beyond the lower uterine segment with 
extension into the bladder or pelvic sidewalls; and consider the resources avail-
able [3].

The most crucial resources that should be available at the site of operation are 
professional surgeons as a part of a multidisciplinary team, as described earlier, and 
proper equipment [3].

Wherefore two cases could be faced, the patient is actively bleeding, or the 
patient is hemodynamically stable, yet there are no resources accessible in both 
scenarios.

While in the bleeding case it is essential to apply local pressure to the bleeding 
sites in the first place (except those where placental tissue is at risk), prepare for 
hysterotomy to deliver the baby followed by the appropriate management of choice 
whether radical or conservative after closing the hysterotomy incision and transfer-
ring the patient to the dedicated center.

Meanwhile, a pre-fascial closure intraoperative photograph could be delivered 
with the patient. This will improve the receiving facility’s preoperative preparation. 
In addition, if the percreta is freshly detected and conservative management is being 
considered, intraoperative ultrasonography involving a probe enclosed in a sterile 
sleeve can be used to determine the placental position. This will help in determining 
the best hysterotomy site (fundal or even posterior uterine) to avoid disrupting the 
placenta’s attachment to the uterine wall [3].

In Syria, unfortunately, some obstetricians may carry on with such operations 
despite a lack of resources and in a facility that is not well-equipped. For safety 
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considerations, especially in low-setting circumstances, we recommend transferring 
the patient to a dedicated center with complete readiness without putting the lives of 
the mother and her baby under any possible risk.

Altogether, we also urge that all delivery centers consider the risk of PAS during 
delivery especially elective cesarean sections and that facilities should have imme-
diate plans in place to deal with emergent situations as explained above.

 Postoperative Care

After a complicated delivery, patients are transferred immediately to the intensive 
care unit to be carefully managed [11]. Their residency in ICU will be for around 
24 h without any complications.

Strict instructions are given to the staff for monitoring the patient as there is a 
persistent risk for coagulopathy, anemia, thromboembolism, and renal, cardiac, and 
organ dysfunction [4].

Accordingly, many considerations were described for this critical period [4]:

 1. Continuous monitoring and registering of patient’s vital signs (body tempera-
ture, pulse rate, respiration rate, and blood pressure) as first signs to alter in case 
of bleeding which can be internal and not visualized.

 2. Monitoring of urine output through a urinary catheter which is left in situ for 
10 days (at least 1 week). This determines the amount of fluid to be compen-
sated daily.

 3. Regular tests that include daily CBC: hemoglobin level to evaluate the need for 
blood transfusion, platelet count for thrombotic condition, and WBC count as an 
indicator of possible infection, in addition to a complete profile of the liver and 
kidney functional status.

 4. Intravenous prophylactic antibiotic coverage for 36–48  h and then con-
verted orally.

 5. Administration of anticoagulants to prevent deep vein thrombosis after 12 h.
 6. Pain killers are also indicated

Proceeding 24 h of vital stability is the main factor that aids in determining the 
possibility of transferring the patient into the ward.

In conclusion, as previously demonstrated, we would like to emphasize the 
appropriate and effective strategies urgently needed for the identification and man-
agement of PAS disorders, given the high incidence and the clinical significance of 
PAS conditions, hence committing to the recommendations, which have been sum-
marized throughout different sections, the collaboration of regional centers by con-
ducting related research that will provide accurate data to boost the quality of 
healthcare provided, and putting in mind that our priority is the safety of the patient 
and her infant, even in low circumstances that do not compare with those in other 
developed countries.
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 Anesthetic Management

The decision of what type of anesthesia should be a result of integrated planning 
between the anesthesiologist and the MDT, to balance the risks and benefits of each 
type to fit the PAS case by its risk factors.

Multiple factors are usually taken into consideration, most notably the hemody-
namic stability, risk of hemorrhage, potential intraoperative complications, and the 
patient’s comorbidities.

Generally, recent guidelines reported that regional anesthesia reduces 
hemorrhage- related morbidities regarding blood loss and transfusion requirements 
and improves neonatal outcomes especially respiratory outcomes and Apgar score 
[4, 9]. But due to the risk of massive hemorrhage, general anesthesia should also be 
considered in some situations, especially in cases of high PAS suspicion [4, 
9, 50–52].

Also, intraoperative conversion from regional to general anesthesia is probable if 
PAS is diagnosed intraoperatively, especially in cases of epidural anesthesia that 
causes sympathetic block leading to hemodynamic instability and increased risk for 
hemorrhage [3, 9]. As shown in recent papers, one size does not fit it all, as the 
choice is case-specific and is ultimately dependent on the anesthesiologist’s assess-
ment [53–56].

In summary, we point up some recommendations regardless of the anesthetic 
type used: establishing multiple venous access points (preferably large diameter 
veins for crystalloids and blood products), hemodynamic monitoring with an arte-
rial line, and monitoring of central venous pressure, with the capacity to treat hypo-
thermia [3, 4].

 Conservative Management

Conservative management appeared to be a successful alternative to radical 
approaches and an option for women who desire to preserve their fertility [11].

Recently, there has been a shift away from the traditional cesarean hysterectomy 
(also known as the extirpative approach) toward more conservative approaches such 
as uterine conservation, which is defined as leaving the placenta in situ partially or 
totally with no attempt to remove it, followed by medical management in some 
cases including adjuvant treatment of methotrexate, uterine artery embolization, 
internal iliac artery ligation/embolization, dilatation and curettage (or hysteroscopic 
loop resection), or simply awaiting spontaneous resorption of the placenta [4, 76].

Leaving the placenta in situ reduces the risk of hemorrhage that can occur at the 
time of hysterectomy because of rich vascular plexus in the lower uterine segment; 
however, it is unrecommended if the patient presents with major bleeding as it is 
unlikely to be therapeutic and risks will delay conclusive treatment, thus increasing 
morbidity [76].
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Conservative management comes as an option only in well-equipped centers as 
it requires enough preparations and requirements from facilities for embolization, 
blood bank, and a highly expert team of surgeons as there is a potential for initiating 
radical procedures in case of a failure while proceeding. Moreover, the capability of 
establishing a firm follow-up plan to encounter any complication is of utmost 
importance [76].

All guidelines emphasized close follow-up when managing conservatively, for 
the possibility of the development of any complications that may arise weeks or 
months after delivery [11].

On the flip side, there is continuous potential morbidity associated with conser-
vative management including sepsis (involving septic shock), peritonitis, uterine 
necrosis, fistula, injury to the adjacent organs, acute pulmonary edema, acute renal 
failure, deep vein thrombophlebitis, pulmonary embolism, and death. Therefore, we 
note that women who choose this type of management, if clinically possible, should 
be aware of all the potential risks [76].

Fever is the most reported complication, which usually presents after endometri-
tis or florid sepsis. In the absence of an infectious cause, fever could be an inflam-
matory reaction to tissue necrosis. The use of preventive broad-spectrum antibiotic 
treatment in the immediate postpartum period can reduce infectious morbidity [76].
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Chapter 15
Management of Placenta Accreta 
Spectrum in the Second Trimester

Omima T. Taha, Maryam Abdelkarim, Nourah Al Qahtani, 
and Ayman S. Dawood

 Introduction

Placental accreta, previously known as morbidly adherent placenta, was first 
described by Irving et al. in 1937 [1]. This term was first used to describe placental 
invasion beyond the decidua. Placenta accreta spectrum (PAS) is a more recent ter-
minology, proposed by the International Federation of Gynecology and Obstetrics 
(FIGO), that includes different degrees of placenta invasion including accreta, 
increta, and percreta [2].

Incidence of PAS has significantly increased from 0.8 in 1000 deliveries in the 
1980s to 3 in 1000 deliveries in the last decade. The rising trend of PAS has been 
primarily attributed to global increase in cesarean section (CS) rate [3]. PAS is a 
life-threatening condition owing to potential massive obstetrical hemorrhage, which 
increases risk of peripartum hysterectomy, maternal morbidity, and mortality, which 
reaches up to 7% in some regions [4, 5, 6]. Currently, incidence of second trimester 
pregnancy termination, secondary to PAS, has risen from 0.04 [7] to 2.3% [8]. 
Second trimester termination for PAS aims at reducing risk of massive hemorrhage 
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and spontaneous uterine rupture requiring hysterectomy compared to conventional 
third trimester management [9–11].

 Pathophysiology

The most contributing risk factors for development of PAS are number of previous 
CSs and placental site. When CS scar is combined with placental implantation in the 
lower uterine segment, risk of accretion is substantially high, reaching up to 61% in 
women with previous three CSs [12]. The presence of uterine scar leads to defective 
decidualization, which precipitates abnormal invasion of the placenta in ensuing 
pregnancy. Similarly, any disruption of the endometrial lining carries a varying risk 
of PAS [13]. PAS is classified into placental accreta, increta, and percreta according 
to the extent of myometrial invasion. Placental accreta, which is the least invasive 
subtype of PAS, presents the most prevalent form, and it counts for 75% of cases 
[14]. In general, the pattern of placental proliferation and invasion mimics neoplas-
tic disorders. Both conditions share the capability of overcoming the immune sys-
tem, activating invasion, and inducing angiogenesis [15]. These mechanisms are 
precipitated by defective decidua basalis, which results from defective endometrial- 
myometrial interface due to previous uterine scarring [16], abnormal remodeling of 
maternal vasculature, and marked trophoblastic invasion [17]. The role of different 
surgical techniques of uterine incision closure, in pathogenesis of PAS, remains 
controversial [18]. One of these technical variants is single versus double closure of 
the incision; single-layer closure of uterine incision with continuous locked sutures 
was associated with subsequent thinner uterine thickness in some studies [19]. 
However, other studies did not conclude any significant difference in scar thickness 
among women who had single-layer versus double-layer closure of uterine incision 
[20]. Overall, there are currently no recommendations that would support a particu-
lar technique to close the uterus for the purpose of preventing PAS, and further 
research is warranted to recognize more preventable risk factors, if any, to reduce 
incidence of PAS in contemporary population.

 Diagnosis

In women with prior CS, sonographers performing first-trimester ultrasound should 
be conscious of the features of cesarean scar pregnancy (CSP), which is currently 
considered by many experts as the precursor of PAS [1]. Most sonographic signs 
can be detected between 11th and 14th weeks of gestation and early in the second 
trimester, which coincides with routine dating scan, unless earlier scans are indi-
cated due to suspicious symptoms [2].

PAS is progressive in nature, and the course of invasion may progress starting at 
the 28th week of gestation. Thus, serial ultrasound scans may be required to define 
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depth and extent of the invasion and determine management [3, 4]. Nevertheless, 
PAS is an intraoperative diagnosis, confirmed by postpartum histopathological 
examination, and eventual management may be altered by intraoperative findings. 
Nevertheless, current imaging modalities, accompanied by growing experience in 
antepartum diagnosis of PAS, have enhanced antepartum diagnostic accuracy and 
permitted preoperative counseling and management plan with high level of confi-
dence. Highest diagnostic accuracy can be achieved by combining transabdominal 
and transvaginal ultrasound approaches, adjusting machine settings, and consider-
ing appropriate gestational age at scanning. Furthermore, sonographic examination 
while the bladder is full and correct insonation angle of the probe facilitate assess-
ment of extent of invasion [5]. Ultrasound yields a sensitivity of 90.7% and specific-
ity of 96.9% for diagnosis of PAS associated with low placental site. However, it has 
a limited role in diagnosing non-previa PAS disorders, and negative predictive value 
may reach as high as 84% [6, 7].

In the second trimester, sonographic findings, suggestive of PAS disorders, 
include abnormal utero-placental interface (clear zone), extreme thinning of the 
underlying myometrium, and placenta lacunae. These signs may be present in low- 
risk non-PAS pregnancies. However, their presence, in high-risk women, yields the 
highest sensitivity of all grayscale 2D markers. Sonographic assessment also 
includes color Doppler assessment of uterovesical interface, which may reveal 
bridging vessels and interruption of bladder wall in women with PAS [8]. In many 
occasions, visual extension of placental tissue into the uterus and/or bladder (pla-
cental bulge) may raise suspicion of placenta percreta [9]. More recently, “rail sign” 
was described as a Doppler marker of PAS. This sign refers to sonographic appear-
ance of two parallel vessels with multiple connecting vessels at placenta-bladder 
interface and is suspicious of placenta percreta. The sign was also associated with 
increased risk of massive blood loss exceeding 2000 ml [10].

In diagnosis of PAS, magnetic resonance imaging (MRI) is not superior to con-
ventional ultrasound. Specifically, MRI is rather complementary, when ultrasound 
is technical restricted such as when placenta is posteriorly localized or in women 
with high body mass index. In these cases, the pelvis can be clear visualized, and 
extent of invasion can be determined with offline revaluation [11, 12].

MRI features of PAS are usually classified into direct and indirect signs. Indirect 
signs embrace placental heterogeneity; T2-hypo-intense intraparenchymal dark 
bands, hypervascularity with tortuous, disorganized intraparenchymal vessels, and 
proliferated pelvic and retro-uterine veins [13]. The “recess sign,” described by Sato 
et al., refers to the presence of a wedge-shaped placental deformity with contraction 
of the placental surface and outer rim of the uterus, accompanied by a T2 dark band. 
In the original study, this finding was highly associated with abnormal placental 
invasion (increta, percreta) [14].

The direct signs include disordered normal myometrial trilaminar signal with/
without directly visualized invasion, focal bulge, especially at the lower uterine seg-
ment, and directly visualized extrauterine placental extension. The more severe the 
case of PAS (increta, percreta), the more disrupted the outline of the uterus. 
Therefore, instead of the classic inverted pear-shaped uterus, the lower segment 
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becomes broader than the fundus [15]. Invasion of nearby pelvic structures such as 
bladder dome or rectal invasion is suspicious of placenta percreta [13, 16].

 Management

Proper management of PAS can be initiated by antenatal diagnosis, which permits 
multidisciplinary planning and referral to specialized centers and, hence, lowers 
risk of maternal mortality and morbidity [17] . Ideally, diagnosis of PAS should be 
suspected in the second trimester. This facilitates early referral and establishment of 
care, optimization of maternal condition (such as correction of anemia), and protec-
tion against unplanned deliveries. Women at higher risk of preterm labor may be 
offered antenatal steroids between 23 and 34 weeks of gestation and are likely to be 
hospitalized in the second or early third trimester until delivery. Additional ultra-
sound at 32 to 34 weeks should be offered to verify placental location and assess 
invasion prior to delivery planning [18].

 Second-Trimester Termination

There is no consensus on second-trimester pregnancy termination for PAS disor-
ders, and data on termination techniques are sparse in the literature. In fact, most 
evidence is derived from case reports of termination for other indications such as 
concurrent fetal anomalies, preterm prelabor rupture of membranes (PPROM), or 
intrauterine fetal death (IUFD). In many reported cases, induction of labor was con-
ducted to deliver the fetus, followed by a trial to separate the placenta. Surgical 
intervention was confined to cases where placental delivery was not possible and 
was either by en bloc hysterectomy or focal resection and other conservative tech-
niques [19].

Cui et al. studied 29 patients with PAS disorders who underwent termination of 
pregnancy in the second trimester. After delivery, morbidly adherent placentas were 
left in situ and adjuvant interventions were considered including uterine artery 
embolization, misoprostol, methotrexate, or Chinese traditional medicines. Uterine 
preservation was achieved in 26 cases out of 29 [20] . On the other hand, Matsuzaki 
et al. reported the use of prostaglandin E1 (gemeprost) for pregnancy termination in 
a 20-week pregnant woman with PPROM, which was complicated by massive hem-
orrhage and subsequent hysterectomy [21]. Nakayama et al. reported 11 patients: 4 
underwent dilatation and curettage and 7 had gemeprost termination safely with no 
significant difference in mean intraoperative blood loss. However, these cases were 
diagnosed with placenta previa and diagnosis of PAS was not made [22].
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 Scheduled Hysterotomy

Ou et al. conducted a retrospective study on 28 cases with second-trimester termina-
tion of pregnancy in the presence of PAS. Uterine preservation was achieved in all 
cases. In this cohort, eight women were antenatally diagnosed with PAS and were 
delivered through hysterotomy. The remaining 20 women were diagnosed postna-
tally and were managed by leaving placenta in situ. Adjuvant treatment was given to 
the patients and the placenta passed out within 43.5 (7–102) days after termination. 
One case of uterine infection was reported [23]. Similarly, Tocce et al. concluded 
that scheduled hysterotomy for termination of pregnancy in the second trimester, if 
PAS is suspected, is a recommended strategy [24].

Tian et al. published a case series of women with placenta previa and scarred 
uterus, who underwent termination/induction of labor in second and third trimes-
ters. These women were managed by mifepristone, extra-amniotic ethacridine lac-
tate, and uterine artery embolization for women with complete placenta previa. This 
approach was successful in 83.3% of cases. Interestingly, success was not related to 
age, parity, number, or time of prior hysterectomies. However, failure was related to 
time interval between current pregnancy and previous surgery [25]. Hu et  al. 
included 51 patients who underwent pregnancy termination in the second trimester, 
retrospectively. All patients had prior CS with current placenta previa accreta. 
Thirty-one cases received mifepristone and extra-amniotic Rivanol medical termi-
nation, and only one patient was converted to hysterotomy. The remaining 20 
women underwent planned hysterotomy [26]. Of note, some of the abovementioned 
studies used unestablished treatment options such as Rivanol and ethacridine, which 
may be less known to contemporary medicine and are likely supported by local 
authorities. Accordingly, implementation of these strategies may be clinically and 
ethically challenging.

 Peripartum Hysterectomy

This approach may be considered in elective environment, especially when future 
fertility is not desired, or in emergency situations due to significant hemorrhage 
[27]. Compared to third trimester delivery, second-trimester termination permits the 
privilege of considering non-laparotomy options, including laparoscopy and 
robotic-assisted surgery, due to uterine size. Boes et al. reported a 20-week pregnant 
patient, diagnosed with PPROM and IUFD, who was successfully managed by 
robotic-assisted hysterectomy. Similarly, the same procedure was reported by 
Elfeky et al., which was successfully performed to manage a 16-week pregnancy 
complicated with placenta increta [28, 29].
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 Leaving Placenta In Situ

As mentioned earlier in this chapter, leaving the placenta in situ was considered in 
few studies to permit vaginal delivery of second trimester PAS and when PAS is 
accidently discovered after delivery of the fetus if there is no significant bleeding. 
Similar to third trimester management of PAS, leaving placenta in situ is not with-
out risk, and this approach is associated with concerns on risk of infection, long 
follow-up, and patient compliance. A thorough counseling should be considered 
and managing team should be familiar with this approach.

 Conclusion

Evidence on second-trimester termination of pregnancy in women with suspected 
PAS is limited. Therefore, management is prone to institutional and surgeons’ pref-
erence. PAS is commonly missed in women undergoing early termination of preg-
nancy and is first diagnosed intra- or postpartum. In addition to conventional 
management of PAS, women in the second trimester may be offered minimally 
invasive procedures for planned hysterectomy. Women who desire to preserve their 
fertility may be offered planned hysterotomy with a trial of uterine preservation. 
Termination of pregnancy through vaginal route was also reported in the literature. 
However, clinical outcomes are unpredictable, and risk of massive bleeding and 
emergency surgery should not be underestimated. Therefore, this approach is the 
most controversial unless diagnosis of PAS was not made antenatally. In these cir-
cumstances, retained placenta would warrant further management depending on 
amount of bleeding and hemodynamic stability. Women who are actively bleeding 
should undergo emergency surgery. However, management of those who experience 
mild or no bleeding is less evident and it should be determined by patient and obste-
trician’s preference in concordance with institutional experience and internal 
policies.
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Chapter 16
Long-Term Outcomes of Conservative 
Management of PAS: Long-Term 
Sequences and Impact on Future 
Pregnancies

Mahmoud A. Abdel-Aleem

 Introduction

Placenta accreta spectrum disorder (PAS) comprises placenta accreta, increta, and 
percreta, which are adhesive disorders of placentation with different levels of sever-
ity [1]. The term “placenta accreta” is a histopathologic term for a condition first 
described in 1937 by obstetrician Frederick C.  Irving and pathologist Arthur 
T. Hertig at the Boston Lying-in Hospital [2]. They described 18 new cases of pla-
centa accreta presenting with “the abnormal adherence of the afterbirth in whole or 
in parts to the underlying uterine wall.” They picked the attention to the major post-
partum hemorrhage during the attempts to remove the placenta. Hysterectomy was 
done to control the bleeding in 14 cases.

Its course and the rate of complications are difficult to be determined except 
intraoperative, but in a good proportion of cases it has a gloomy prognosis. It may 
lead to high maternal morbidity and mortality due to its inherent wild killing hemor-
rhage, unforeseen cesarean hysterectomy, and other complexities resulting from 
abnormal invasion of the placenta into adjacent organs.

Notwithstanding the enormous improvement made in the prevention of maternal 
death due to obstetric bleeding caused by atony, genital laceration, and coagulopa-
thies since the first edition of the Williams Obstetrics textbook was published in 
1903, maternal mortality and morbidity due to PAS are greatly amplified during the 
twenty-first century [3]. Obstetricians are confronted with a rising number of cases 
making it one of the most important currently happening obstetric catastrophes.

In parallel with an increasing rate of cesarean delivery, the prevalence of PAS has 
tripled over the last 30 years, from 0.1% of deliveries in the 1980s to 0.3% [4]. This 
rising prevalence is accompanied by an alarming risk of maternal deaths.
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The lack of randomized clinical trials makes the optimal management of PAS 
disorders remains undefined and is determined by the facility to diagnose invasive 
placentation preoperatively, surgeon expertise, depth of villous invasion, and pre-
senting symptoms.

Until recently, elective caesarean hysterectomy was an accepted approach to 
hemostasis in patients with PAS, but its concomitant morbidities affect both the 
culture and the female own insights about menstruation and future fertility [5]. 
Consequently, more conservative, uterus-preserving approaches have been prac-
ticed. Each technique has its one benefits and limitations and of course its applica-
bility in whichever surgical scenario.

To choose between hysterectomy and conservative management for placenta 
accrete isn’t an easy decision to make. On one hand, to reduce maternal morbidity 
and mortality, elective cesarean hysterectomy in a tertiary care hospital with a mul-
tidisciplinary care team deems to be the safest and most common treatment for 
cases diagnosed before delivery. However, the decision of hysterectomy for pla-
centa accreta may be difficult to make. In these cases, systematic manual separation 
of the placenta from the uterine wall is usually performed. In other cases, excision 
of a part of the uterine wall with re-suturing looks logical and effective [5].

A great and common obligatory indication for leaving placenta in situ is “per-
creta” variety with involvement of nearby organs such as the urinary bladder, bowel, 
or any other pelvic structure [6].

 An Old, Long, but Meaningful Story

The following is a case report of placenta accreta or increta that was treated conser-
vatively with no harmful effects, 1 year after the patient had a normal delivery with 
a normal third stage.

A patient, aged 31 years, had been under treatment for infertility. She got preg-
nant for the first time but aborted at 22 cm fetus on August 16, 1946. All efforts to 
express the placenta failed both with and without anesthesia. Palpation of the uter-
ine cavity by both the operator and his assistant revealed no line of cleavage of the 
placenta. It was impossible to determine where the placenta ended and the uterine 
wall began. Because there was practically no bleeding, it was decided to follow a 
conservative course, and the patient again was returned to bed; she was kept in the 
hospital for 1 week under medical treatment. No serious bleeding nor evidence of 
infection developed so she was transferred home. She remained in bed at home for 
3 weeks, during which time the uterus drained a bloody purulent lochia. Her only 
complaint was cramps and pains in the legs, especially at night. Two weeks after the 
delivery, the fundus was not palpable abdominally. From the fourth to eighth week 
postpartum, the uterine drainage was of a bright bloody character and very moder-
ate in amount. All discharge stopped on October 10, 1946. She had her next preg-
nancy diagnosed on February 1, 1947. This time, her pregnancy was essentially 
normal throughout, and she was delivered of a normal infant on September 24, 
1947, after an 11-hour labor. A grossly normal placenta was delivered 2 minutes 
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later by simple expression. Postpartum bleeding and the entire puerperium were 
normal [7]. This story implies the success of conservative management of placenta 
accreta with a good outcome thereafter.

 Definitions and Problems

A general dilemma in studies on PAS is the definition of this condition: some stud-
ies are established on prenatal imaging criteria, some on clinical characteristics, and 
others on histopathology [8].

Conservative management of PAS is defined as removal of the placenta with 
uterine preservation [8]. However, this term is used also to describe “leaving pla-
centa in situ without touching it.” Conservative management, intentionally leaving 
the placenta in situ 7: after delivery, no effort is made to remove the placenta; the 
placenta is left in situ for either spontaneous reabsorption (i.e., for fertility-sparing 
management) 8 or planned delayed hysterectomy (an option often used in placenta 
percreta with the aim of reducing surgical complexity).

Another term is “successful conservative treatment” as defined by uterine pres-
ervation, i.e., the absence of either immediate or delayed hysterectomy due to 
PAS [9].

In a large multicenter study, it was shown that this conservative treatment (leav-
ing the placenta in situ untouched) could preserve the uterus in 78.4% [95% confi-
dence interval (CI), 71.4 84.4%] of women, with a severe maternal morbidity rate 
of only 6% (95% CI, 2.9–10.7%) [9].

Most publications on the PAS including reviews consist of a highly variable 
blend of women with placenta accreta, increta, and percreta getting on to a little bit 
biased conclusions [10].

 Lines of Conservative Management [5]

Conservative management of both abnormally adherent (placenta accreta) and inva-
sive placenta (placenta increta and percreta) defines all procedures that aim to avoid 
peripartum hysterectomy and its related morbidity and consequences.

A variety of conservative options for the management of PAS disorders have 
evolved, each with varying rates of success and peripartum and secondary compli-
cations [10].

In a recent systematic review and meta-analysis of the outcome of placenta pre-
via accreta diagnosed prenatally, 208 out of 232 (89.7%) cases had an elective or 
emergent cesarean hysterectomy [11].

A list of conservative management lines are (Table 16.1):

 1. Conservative surgical management of PAS with removal of placenta (the extir-
pative approach).
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Table 16.1 Studies addressing different lines of management of PAS

Reference

Conservative
(local 
excision) Leaving placenta in situ Hysterectomy

[12] 37 (47%) 15 (19%) 27 (34%)
[10] 17 (14%) 36 (30%) 66 (56%)
{van Beekhuizen, 
2021 #242}

26 women 
(5.9%)

In 48 women (10.8%), of 
those, 20 (41.7%) had a 
delayed hysterectomy

252 women (57.0%)
with a repeat laparotomy in 
20 (7.9%) due to 
complications

{Durukan, 2021 
#326}

23/148 83/148 plus use of Bakri 
balloon

42/ 148

 2. Leaving the placenta in situ (expectant approach).
 3. One-step en bloc focal resection of underlying myometrium: currently the most 

trendy operation. It is done for a focal PAS. At cesarean section, the transverse 
incision in the uterine wall is placed cranially above the abnormally invasive part 
of the placenta and the baby is delivered. The placenta and affected myometrium 
are then removed and the uterus is closed [13].

 4. Triple P procedure: suturing around the accreta area after resection. Future preg-
nancy isn’t recommended {Teixidor Vinas, 2015 #506}.

 5. Adjuvant techniques: used as an adjunct to main line of management to help in 
reducing the impact of blood loss:

 (a) Uterine devascularization.
 (b) Use of uterine hemostatic sutures.
 (c) Use of Bakri balloon with excision of uterine wall {Ustunyurt, 2020 #295}.
 (d) Balloon occlusion of aorta, common iliac or internal iliac artery {Jauniaux, 

2022 #160}{Matsubara, 2018 #442} {Matsubara, 2021 #141}{Peng, 
2020 #324}.

 (e) Uterine artery embolization: Studies examining pelvic artery embolization 
in combination with conservative management have reported success rates 
of 60%–95% [9].

 (f) Adjuvant use of methotrexate has been reported with conflicting opinions 
between advocates and opponents. Its use is hypothesized to add to the suc-
cess of conservative management by accelerating the autolysis of the pla-
centa that was left in situ.

 Long-Term Complications

 Intrauterine Synechiae

Being affecting both menstrual pattern (amenorrhea/ hypomenorrhea) and fertility 
potential, it is an important point that should be discussed with a patient who deemed 
to undergo conservative management for PAS.
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Of the 96 women successfully contacted at follow-up, 88 had resumed menstrua-
tion. Severe intrauterine synechiae (stage III) were identified during office hysteros-
copy in eight women with amenorrhea. One of these eight women declined further 
treatment; hysteroscopic treatment of the synechiae was successful for six of the 
remaining seven women {Sentilhes, 2010 #488}.

Synechiae rates did not differ significantly according to the type of conservative 
treatment: uterine compression suture [0/7 (0%) versus 8/89 (9.0%); P. 0.99], pelvic 
arterial embolization [1/41 (2.4%) versus 7/55 (12.7.0%); P < 0.13], or vessel liga-
tion [1/24 (4.2%) versus 7/72 (9.7%); P < 0.67]. There were 12 other women, 5 
complaining of decreased menstrual flow and 7 for other routine reasons, who also 
underwent outpatient hysteroscopy, which was normal in all cases.

 Impaired Fertility

A large series conducted by Sentilhes and his group implied that successful conser-
vative treatment for placenta accreta does not appear to affect women’s subsequent 
fertility or obstetric outcome but that the risk of recurrence of placenta accreta dur-
ing future deliveries is high [9]. They described a series of 167 patients who under-
went conservative management for PAS.

 Negative Impact on Subsequent Pregnancies (Fig. 16.1)

In their analysis, they ended with 96 patients with data available. Twenty-four cases 
got pregnant (with a total of 34 pregnancies) {Sentilhes, 2010 #482}. The long-term 
obstetric profile is described in the following chart.

Of the 27 women who wanted more children, 24 (88.9%) had 34 pregnancies 
with a mean time to conception of 17.3 months (range: 2–48 months). All deliveries 
resulted in healthy babies born after 34 weeks of gestation.

 (a) Maternal impact {Kabiri, 2014 #49}

 (i) No increased risk of placenta previa, gestational DM, hypertensive disor-
ders, placental abruption, cesarean delivery or postpartum infection.

 (ii) Increased risk of second trimester bleeding (OR 9.37 95% CI 2.2–38.8).
 (iii) Increased risk of placenta accreta (RR 12.13 95% CI 4.95–29.69). The 

wide confidence interval points to weak precision.
 (iv) Increased risk of early postpartum hemorrhage (RR 3.29 95% CI 

1.43–7.53) {Kabiri, 2014 #49}. In another study, it occurred on four 
[19.0% (95% CI, 5.4–41.9%)] occasions, related to placenta accreta in 
three cases and to uterine atony in one [9].

 (v) Increased risk of manual removal of placenta (aRR 6.92, 95% CI 
3.81–12.55) {Baldwin, 2020 #26}.
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62%

29%

6%
3%

Term Pregnancy
Miscarriages
Abortions
Ectopic Pregnancy

Fig. 16.1 Obstetric 
outcomes of pregnancies 
after conservative 
management of placenta 
accreta spectrum

 (vi) Increased risk of rupture uterus, maternal blood transfusion, wound infec-
tion, intensive care unit admission {Eshkoli, 2013 #56}.

 (vii) Increased risk of cesarean hysterectomy {Eshkoli, 2013 #56}.

 (b) Fetal/neonatal impact

 (i) No increased risk twin pregnancy, intrauterine fetal death
 (ii) Conflicting results on the risk of preterm birth, ranging from no increased 

risk to preterm birth (aRR 1.43, 95% CI 1.03–1.98), with lower risk of 
small for gestational age (aRR 0.64, 95% CI 0.43–0.96), compared with 
similar-risk births

 Possible Effect of Arterial Embolization {Sentilhes, 
2010 #507}

Analysis was done for 68 cases. Among the 15 women who complained of amenor-
rhea or hypomenorrhea, synechia was found in all those who opted to undergo an 
office hysteroscopy (n = 8). Seventeen women had 26 pregnancies with 19 term 
deliveries, 1 ectopic pregnancy, 2 abortions, and 4 miscarriages. The clinical courses 
of the 19 complete gestations were uneventful, but postpartum hemorrhage recurred 
in 6 women (31.6%) (caused by placenta accreta in 2 women). Fertility and preg-
nancy outcomes did not differ between women who had undergone embolization 
versus both embolization and a uterine-sparing surgical procedure.

 Recurrence

Placenta accreta recurred in 6 of 21 cases [28.6% (95% CI, 11.3–52.2%)] and was 
associated with placenta previa in 4 cases. In four of these six cases, the placenta 
accreta was managed successfully by conservative treatment; in one case it was 
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managed by a cesarean and hysterectomy, and in one case by unsuccessful extirpa-
tive treatment followed by a peripartum hysterectomy {Sentilhes, 2010 #482}.

Another series reported recurrence in 27/570 (4.7%, 95% CI 3.0–6.5%) of sec-
ond and 9/119 (7.6%, 95% CI 2.8–12.3%) of third pregnancies after placenta accreta 
spectrum in the preceding birth, with an overall recurrence rate of 38/689 (5.5%, 
95% CI 3.9–7.5%, compared with the population prevalence of 25.5/10,000 births 
(95% CI 24.6–26.4) {Baldwin, 2020 #26}.

 Summary

PAS rate will continue to escalate in parallel with the ever-increasing rate of uterine 
procedures. Thereafter, there is more tendency to try conservative surgery than to do 
hysterectomy. The philosophy behind this is either fertility-preserving or problem-
atic hysterectomy.

So, with passage of time, women healthcare providers encounter more cases who 
wish either fertility or become pregnant with some possible, although rare, pro-
posed adverse maternal outcomes during pregnancy.

Although the prognosis of subsequent pregnancy after conservative treatment for 
placenta accreta is found to be mostly fruitful, appropriate preparations should be 
made to minimize morbidity and mortality resulting from the recurrence of placenta 
accreta and postpartum hemorrhage. Above all, meticulous counseling of patients of 
both sides should be done carefully. Pregnancy is possible in most cases of success-
ful conservative management but is associated with an almost 30% risk of PAS 
disorders in subsequent pregnancies.
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