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Condensation
Intra-operative and immediate post-operative gross examination provides accurate
data on uterine dehiscence, vascular changes and depth of villous invasion in
placenta previa accreta.
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AJOG at a Glance


A. Why was this study conducted? To evaluate the value of intra-operative
and immediate post-operative gross examination of hysterectomy specimens
with placenta in-situ compared to standard pathologic examination.



B. What are the key findings? The intra-operative and immediate postoperative examination is more efficient and cost-effective than standard
histopathology examination with shorter reporting time and provides accurate
stratification of the depth and lateral extension of villous invasiveness which
are essential to confirm the clinical diagnosis in placenta accreta spectrum.



C. What does this study add to what is already known? Our proposed
methodology provides additional data to standard pathological examination, in
particular regarding the anatomical changes to the vasculature and
myometrium of the lower uterine segment, and engages more efficiently
perinatal pathologists into a multidisciplinary team.
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ABSTRACT
BACKGROUND: The development of new management strategies for women
presenting with placenta accreta spectrum requires quality epidemiology data which
have so far been limited by the high variability in clinical and histopathologic data
confirming the diagnosis at birth.
OBJECTIVE: To evaluate the role of a new methodologic approach for the
correlation of clinical and pathological data for women with a history of prior
cesarean delivery diagnosed prenatally with placenta previa accreta.
STUDY DESIGN: A modified pathologic technique for gross examination of
hysterectomy specimens with placenta in-situ consisting of intra-operative
examination, immediate post-operative examination and guided histologic sampling
was used prospectively in a cohort of 24 patients with singleton pregnancies
complicated by placenta low-lying/placenta previa accreta. The maternal
characteristics, detailed ultrasound findings, surgical outcomes and histopathologic
examination were compared with those of a group of 24 patients with similar clinical
characteristics where a standard pathologic examination method was used.
RESULTS: The median reporting time for obtaining the complete histopathology
results including the microscopic examination was significantly shorter (7 vs 15 days;
P<0.001) and the median number of samples taken for histologic examination
significantly lower (4 vs 14 samples; P<0.001) in the study group than in the controls.
The number of histologic slides showing villous invasion was significantly higher (2
vs 1 slides; P=0.002) and the ratio of the number of samples taken to the numbers of
slides confirming villous invasion was significantly lower (2 vs 9; P<0.001) in the
study group than in the controls. In all cases of the study group, intra-operative
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examination identified dense tangled bed of vessels or multiple vessels running
laterally and cranio-caudally in the uterine serosa above the placental insertion which
were no longer visible at the immediate gross post-operative examination of the
hysterectomy specimens and anterior wall dehiscence in 20 cases. Immediate postoperative dissection enables the differential diagnosis between focal and large
increta areas and between abnormally adherent placenta and invasive placenta
accreta.
CONCLUSIONS: Valuable clinical information on the serosal vascularity, uterine
dehiscence and extension of the accreta area is added with the description of the
macroscopic examination during the surgical procedure and immediate dissection of
the specimen. This methodological approach is cost-effective and increases the
quality of the histologic sampling and thus provides accurate correlations with the
clinical data and more accurate epidemiologic data collection. Perinatal pathologists
should be part of multidisciplinary teams involved the management placenta accreta
spectrum disorders.

Key words: Placenta previa accreta, increta, percreta, histopathology, grading.
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Introduction
The main factor associated with the development of both placenta previa and
placenta accreta spectrum disorders is a prior caesarean delivery, and the risks of
abnormal placentation in subsequent pregnancies increases with the number of
previous caesarean sections.1-6 The scar tissue created by a caesarean delivery in
the lower uterine segment myometrium stimulates both implantation of the blastocyst
in the area of the scar and the abnormal adherence or invasion of placental villi
within the scar tissue.7,8 Thus placenta previa and placenta accreta spectrum are
often combined, and women with a prior history of caesarean section, presenting
with a low-lying placenta or placenta previa, are now the group of pregnant women
with the highest risk of placenta accreta spectrum disorders.9 The combination of
both conditions leads to high maternal morbidity and mortality due to massive
obstetric hemorrhage at delivery.6,10 Placenta accreta spectrum has been reported in
primiparous after operative hysteroscopy, myomectomy, suction curettage, surgical
termination and endometrial ablation, but the corresponding incidences are low.11.
Very rare cases of placenta accreta spectrum have also been described in women
with bicornuate uterus, adenomyosis, submucous fibroids and myotonic dystrophy.6
Before the advent of high resolution ultrasonography at the end of the 1980s,
the diagnosis of placenta accreta spectrum was almost exclusively clinical using
criteria initially reported in 1937 by Irving and Hertig based on a cohort series of 20
cases.12 They described these cases as presenting at birth with abnormal adherence
of the placenta to the underlying uterine wall, either in whole or in part, due to the
absence of the decidual/Nitabuch layer between the tip of anchoring villi and
superficial myometrium. These criteria were further expanded by subsequent authors
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to include piecemeal removal of the placenta, no evidence of placental separation
after 20 min despite active management using utero-tonics, and/or bleeding from the
placental site in a well-contracted uterus during caesarean delivery13,14. Overall,
these clinical symptoms are very similar to those of non-accreta placental retention
whereas the absence of decidua is an elusive histological criterion as such areas are
found with increasing incidence with advancing gestation in pregnancies without
evidence of placenta accreta spectrum.8
Lukes et al15 were the first in 1966 to propose a histological classification for
placenta accreta based on the depth of the villous penetration of the myometrium
and an inclusive terminology, i.e. placenta accreta spectrum. They also highlighted
the fact that villous penetration of the myometrium is rarely uniform, and that both
adherent and invasive villi may co-exist in the same specimen. Although, Irving and
Hertig did not have cases of invasive placenta accreta in their series12, many authors
of modern cohort studies continue to use their clinical criteria for both adherent and
invasive placenta accreta, often without detailed histopathologic confirmation. Only
34 out of 1078 cases, reported in cohort studies on the prenatal diagnosis of
placenta accreta spectrum between the first prenatal ultrasound description of the
condition by Tabsh et al16 in 1982 and 2016, provided detailed correlations between
ultrasound findings and the grade of placental tissue invasiveness.17 This can
explain the wide heterogeneity in the evaluation of the prevalence of placenta
accreta spectrum and its different grades in the general obstetric population.18

The risk of life-threatening complications is particularly high with the invasive
grades due to involvement of the main branches of uterine arteries and the possible
invasion of the bladder wall and surrounding pelvic vessels.8,19,20. Thus, confirmation
of the depth of villous invasion of the uterine myometrium in cases of placenta
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accreta spectrum is essential to improve prenatal detection, outcome and
management protocols. Dannheim et al21 have recently reviewed their protocol for
gross dissection and microscopic examination of surgical specimens in cases of
placenta accreta spectrum suspected prenatally, and found that confirmation of the
diagnosis can be very difficult if the surgeon has attempted to remove the placenta,
or impossible in cases of conservative management where the whole placenta is left
in situ. The aim of this study was therefore to develop a practical method to
overcome the obstacles of standard histopathologic examination and enhance the
accuracy of clinic-pathologic correlations in patients with a history of cesarean
delivery presenting with a low-lying/ placenta previa and prenatal ultrasound signs of
placenta accreta spectrum.

Materials and Methods
We conducted a prospective cohort study of 24 consecutive patients with singleton
pregnancies diagnosed prenatally with low-lying/placenta previa accreta. All patients
were referred for delivery in the third trimester by an expert multidisciplinary team at
the University of Cairo between September 2018 and June 2019. In all cases, a
detailed transabdominal and transvaginal ultrasound examination of the placenta,
uterus and pelvis was performed within 24 hours before surgery (GE Voluson E10,
GE Medical System, Zipf, Austria).
All patients were managed by elective caesarean hysterectomy and
photographs of the uterus were obtained intra-operatively before delivery of the
fetus. The corresponding images were analysed for the presence and size (focal or
large) of anterior wall uterine dehiscence (Figure 1), placental tissue invasion
through the uterine wall and abnormally increased vascularity of the uterine serosa
7

over the placental bed i.e. dense tangled bed of vessels or multiple vessels running
in the anterior uterine serosa or perimetrium as previously described (Figures 1 and
2).8,22,23 In all cases, immediately after the surgical procedure, the hysterectomy
specimen was orientated anteriorly, measured and photographed and cut in slices of
2-3 cm thick . Areas of abnormal placental attachment that could not be separated
by gentle digital dissection were identified and documented (Figures 3 and 4). The
surface of these areas was evaluated for size (focal or large) and sampled for
microscopic examination to include the full thickness of the uterine wall and at least
half of the thickness of the corresponding placental tissue. All samples were
immediately fixed in 10% neutral buffered formalin and processed for histologic
examination and stained with hematoxylin and eosin (H&E). All cases were reviewed
by the multidisciplinary team including the surgical team and perinatal pathologists.
For comparison, we retrospectively reviewed the ultrasound and
histopathologic data of 24 patients with singleton pregnancies diagnosed with lowlying/placenta previa accreta and referred for delivery in the third trimester by an
expert multidisciplinary team at the King’s College Hospital between January 2015
and January 2019. Only cases managed by caesarean hysterectomy and for which
maternal characteristics, detailed ultrasound findings, surgical outcomes and
histopathologic examination were available, were included in the control group. All
ultrasound examinations in this group were performed on GE Voluson 730 (GE
Medical System, Zipf, Austria). The hysterectomy specimens are sent to the
pathology department for gross examination in the fixed state and dissection by the
duty pathologist as per the Royal College of Pathologists guidelines for the tissue
pathways for gynaecological pathology (https://www.rcpath.org). As per local protocol
for the gross examination of uterine specimens, the uterus is then opened laterally
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and replaced in 10% neutral buffered formalin. After fixing for a minimum of 6-7 days
in, samples are taken from areas suspected of abnormal adherence or invasion,
processed and stained with H&E for histologic examination.
In all cases of both groups, the fetal ultrasound measurements and diagnosis
of abnormal placentation were obtained prenatally by expert maternal-fetal medicine
physicians. The placenta was recorded as “low lying” when the edge was 0.5-2 cm
from the internal os of the uterine cervix. When the placenta was <0.5cm from the
internal os or completely covering it, it was defined as placenta previa (marginal or
complete). The prenatal ultrasound diagnosis of placenta accreta spectrum disorder
was made by maternal-fetal medicine physicians experienced with the condition
using the standardised reporting pro-forma proposed by the AIP international expert
group.24 For the score of placental lacunae, we used the classification proposed by
Finberg and Williams (0= none; 1+= 1-3; 2+= 4-6; 3+=>6).25
All patients were managed according to their local unit’s protocol. Institutional
ethical committee approval was obtained prior to the start of this study. We were
advised that additional patient consent was not required as all ultrasound records
were examined within the centre where it was undertaken, basic clinical data were
collected using a standard clinical audit protocol, hysterectomy specimens were
systematically sent for detailed histopathologic examination and all data were fully
anonymised before analysis.
Statistical analysis
StatGraphic-plus Version 3 data analysis and statistical software package
(Manugistics, Rockville, MD) was used to analyse the data. A standard Kurtosis
analysis indicated that some values were not normally distributed and the data are
therefore presented as median and interquartile range (IQR). Categorical variables
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were compared between groups using the Pearson’s chi-square test or Fisher’s
exact test when samples sizes were small. Continuous variables were compared
using a Mann-Whitney (Wilcoxon) W rank test at the 95% confidence interval (CI). A
P value <0.05 was considered significant.

Results
The maternal demographics and pathology technical characteristics of the study and
control groups are displayed and compared in Table 1. The median maternal age
was significantly (p=0.004) lower and the median number of prior caesarean
sections significantly (p=0.005) higher in the study group than in the controls. There
was no significant difference between the groups for gravidity and parity. The median
reporting time for obtaining the complete histopathology results including the
histologic examination was significantly (P<0.001) shorter and the median number of
samples taken for microscopic examination significantly (P<0.001) lower in the study
group than in the controls. The number of histologic slides showing villous
invasiveness was significantly (P=0.002) higher and the ratio of the number of
samples taken to the numbers of slides confirming villous invasiveness was
significantly (P<0.001) lower in the study groups than in the controls. There was no
significant difference in the distribution of adherent versus invasive cases between
the groups.
Table 2 shows the main ultrasound features and peri-operative macroscopic
findings in the study group. There was only one low-lying placenta and one marginal
placenta previa. All the other cases were partially or completely covering the inner os
of the uterine cervix. A thin myometrium (< 1mm in thickness) was found in 19
(79.2%) cases. Fourteen (58.3%) cases presented with six or more placental
10

lacunae (Grade 3+) and lacunar feeder vessels were found in 13 (54.2%) of these
cases. Feeder vessels were also found in a case which presented with 4-6 lacunae
(score 2+). Areas with loss of clear zone were found in all cases and
hypervascularity of the subplacental zone was recorded in 22 (91.7%) cases. There
was a similar distribution for the following ultrasound features in the controls; thin
myometrium (21 cases); loss of clear zone (24 cases) and hypervascularity of uterovesical interface/subplacental zone (22 cases). The number of cases presenting with
six or more placental lacunae (6 control cases) and feeder vessels (4 control cases)
was significantly (Chi-square with Yates correction; P=0.041 and P=0.016;
respectively) higher in the control than in the study group.
A dense tangled bed of vessels or multiple vessels running laterally and
cranio-caudally in the uterine serosa superficial to the placental insertion (Figure 2)
were visible macroscopically during the intra-operative examination in all 24 cases of
the study group. These features were no longer visible at the immediate gross postoperative examination of the hysterectomy specimens (Figures 3 and 4). Intraoperative examination of the 22 invasive cases from the study group (Table 3) also
found anterior wall dehiscence in 20, of which nine were classified as focal and 11 as
large (Figure 1).
The immediate post-operative examination, after dissection of the
hysterectomy specimen, showed focal invasive area (Figure 3) in nine (37.5%) cases
and large invasive areas (Figure 4) in 13 (54.2%) cases. In seven cases presenting
with a large area of invasive tissue, and in one case with focal invasive villous tissue
and, the gross examination also showed dilated vessels protruding from the uterine
wall into the uterine cavity, away from the invasive areas (Figures 3 & 6). The

11

corresponding lacunae grading was 3+ in five cases with focal invasive areas and in
nine cases with large invasive areas. A similar distribution was found for feeder
vessels between cases presenting with focal and large dehiscence, and between
cases presenting with focal and large invasive areas.
In two cases of the study group, the placenta did not spontaneously separate
during the caesarean section after delivery of the fetus. In those cases, the placenta
could be entirely detached digitally from the uterine wall of the corresponding
hysterectomy specimen during the immediate post-operative examination (Figure 5).
In those cases, microscopically, there were areas where the villi were directly
attached to the myometrium but no evidence of villous invasion. The other 22 cases
showed evidence of invasive villous tissue at the time of immediate post-operative
dissection, and were confirmed by histology as increta. Eight cases in the control
group were classified perinatally as percreta. In four of these cases, invasive villous
tissue was found within the myometrium on histology but not in the serosa, indicating
the diagnosis of placenta increta. In the others, the microscopic examination showed
areas of direct apposition of the villous tissue suggesting an abnormally adherent
placenta. In none of the cases in both groups was there evidence on histology of
villous invasion within nor beyond the uterine serosa.

Comment
Principal findings of the study
Our data add to prior classical studies of the histopathology of placenta accreta
spectrum and show that intra-operative macroscopic description of the gross uterine
features on opening of the abdomen combined with immediate post-operative
12

dissection of the hysterectomy specimen improves the accuracy of the clinical
diagnosis, and in particular the differential diagnosis between the different grades of
accreta placentation. This methodological approach is also more efficient and costeffective than standard histopathology examination, with shorter reporting time for
complete histopathology results including microscopic examination and lower
number of samples needed to confirm the grade of villous invasiveness.
Comparison with existing literature
Only a few pathology studies have tried to explore the histopathology in placenta
accreta spectrum disorders, and only one19 describes the macroscopic features of
hysterectomy specimens with placenta in-situ. By contrast, there are many series on
the prenatal diagnosis of placenta accreta spectrum with ultrasound and/or magnetic
resonance imaging, but few that provide detailed clinical and histopathology data on
the grade of villous invasiveness.17 In a recent systematic review and meta-analysis
of 29 population studies, we observed large amounts of heterogeneity between
studies for all clinical and pathologic parameters investigated.18 The overall
prevalence of placenta accreta spectrum at delivery was found to range between 1 in
1000 and 1 in 40,000 births. In the ten studies that provide histopathologic data, the
distribution of the different grades varied widely i.e. between 35 and 82% for
placenta creta (adherenta), 4 and 44% for placenta increta and 7 and 34% for
placenta percreta.18 These findings highlight methodological inconsistencies
between studies with regards to clinical criteria used for the diagnosis of the
condition at birth and for the histopathologic confirmation of the diagnosis and in
particular for differential diagnosis between adherent and invasive accreta
placentation.
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In all of the 20 cases included in Irving and Hertig’s original series of placenta
accreta, the diagnosis was based on the failure of the placenta to deliver
spontaneously and/or the difficulty of removing it at birth, and the absence of decidua
between the anchoring villi and the superficial myometrium on microscopic
examination.12 The pathology reports of their 15 cases that required a hysterectomy
only describe the placenta as being firmly attached to the uterine wall in eight cases.
They described the lateral extension of an abnormally adherent area in only one
case (case 13) where around one-third of the placenta was embedded within the
cervix and could not be digitally separated from the uterus. In their series of 21
cases, Luke et al15, found that most hysterectomy specimens arrive to the laboratory
so distorted by attempts by the surgeon to remove the placenta that it is impossible
to judge accurately the surface of the accreta areas. This methodological issue has
been raised in other pathology studies.21,29
Increased vascularity of the placental bed is one of the main prenatal
ultrasound diagnostic signs of placenta accreta spectrum.17,26-28 Subplacental
hypervascularity has been reported in over 85% of the cases published in the
international literature between 1982 and 201617, and is due to the vascular
remodelling of the deep uterine vessels beyond the level of the spiral arteries. 8 This
leads to the excessive dilatation of the utero-placental circulation28 and the
development of intraplacental lacunae but also to abnormal enlargement of the
vasculature on the outer surface of the uterus above the placental implantation site.
The latter vascular changes can be easily identified upon entry to the abdomen
(Figures 1 and 2); however, very few authors of prenatal diagnostic cohorts have
described the gross intra-operative features associated with accreta placentation.26,27
During the immediate post-operative gross examination in our study group, we also
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found dilated vessels protruding from the uterine wall towards the uterine cavity,
away from the invasive areas in seven cases (Figure 3). These vessels are probably
dilated arterio-venous anastomoses part of extensive vascular anastomotic network
present in the subplacental myometrium during normal pregnancy.31 Our data
suggests that even focal villous invasion could have an impact beyond the invasive
area. None of the old12,15,29 or more recent21,30 pathology studies of hysterectomy
specimens with placenta “in situ” reported on macroscopic evidence of an excessive
dilatation of the uterine vasculature in the accreta area. This can be explained by the
fact that routine pathologic examination takes place usually several hours after
surgery or after fixing of the hysterectomy specimen in formalin for several days by
which time the changes in uterine vasculature associated with invasive placentation
are no longer visible macroscopically.
Thinning of the myometrial zone to less than 1mm and the absence of the
hypoechoic clear zone between the placenta and posterior bladder wall on
ultrasound have been reported in 66 and 98%, respectively, of all the cases of
placenta accreta spectrum published in the international literature between 1982 and
2016.17 Both features are associated with the highest agreement between observer32
and have been used by many authors as strong markers of accreta placentation on
ultrasound. The myometrium will become thinner with advancing gestation.8 This
thinning effect is more pronounced in the third trimester when the lower uterine
segment is further stretched by the combined action of the fetal presentation and
Braxton-Hicks uterine contractions. When the placenta develops underneath a
caesarean scar defect, the myometrium of the lower segment is partially or
completely replaced by scar tissue and thus likely to be even thinner, independently
of any abnormal villous invasion. All the patients included in our study had a history
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of one or more caesarean sections and presented with a low-lying/placenta previa.
This can explain the higher incidence of myometrial thinning found in both the study
group and controls (79.2% versus 87.5%). This finding is supported by the presence
of focal and large area of dehiscence in one of the two and 20 of the 22 abnormally
adherent and invasive cases, respectively. Ultrasound evaluation of the myometrium
thickness has so far not been standardised, and myometrium thinning is currently
defined as an area of the uterine wall that is less that 1mm on ultrasound anywhere
under the placental bed. Further studies are needed to evaluate the lateral extension
and changes in myometrium thickness with advancing gestation on ultrasound
examination correlated with gross examination at birth.
The clear zone is a radiologic term that is supposed to represent the layer of
tissue between the villous tissue and the deep myometrium and which includes the
decidua and the superficial myometrium containing the utero-placental vessels.8 As
for myometrium thickness, the decidual layer becomes thinner and discontinuous as
pregnancy advances. The superficial myometrium under the placental bed become
also more heterogeneous due to the progressive dilatation of the utero-placental
circulation. The absence of the clear zone on ultrasound probably represents the
abnormal extension of the placental villi through the decidua basalis into the
myometrium or the poor development of this layer around scar area.8 Like
myometrial thinning this sign is not specific of accreta placentation, in particular
when the placenta is implanted in a lower uterine segment remodelled by multiple
caesarean scars.
Clinical implications
According to Dannheim et al21, pathologists often impose a dogmatic approach to
the diagnosis of placenta accreta, requiring an ideal textbook image of villi sitting on
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top of the myometrium and thus reporting cases with obvious gross invasion without
this ‘‘requirement’’ as merely ‘suspicious for accreta’. Furthermore, the pre-operative
anatomy of the uterus and in particular of the lower segment may be distorted by the
surgical procedure making it difficult for the pathologist to orientate the hysterectomy
specimen to differentiate between areas of accreta placentation and areas of
dehiscence.
The gold standard diagnostic criteria for invasive placentation is the
microscopic evidence of villous tissue invading the myometrium. Accurate
identification of the invasive area with guided sampling is therefore essential to
accurate confirm the clinical diagnosis. The degree of villous adhesion or invasion is
rarely uniform across the placental bed and many cases of placenta accreta
spectrum have both adherent and invasive areas.15 This can make the microscopic
diagnosis of accreta placentation difficult, in particular, if the accreta area of the
myometrium is not extensively sampled. We found that digital separation of the
placental tissue from the uterine wall in fresh hysterectomy 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. All the cases included in this
study were anterior low-lying/ placenta previa accreta but our method could be also
applied for invasive placentation in other area of the uterine cavity. By contrast, as
shown in our control group, delayed gross examination of hysterectomy specimens
does not allow the pathologist to easily identify of these areas and this may be even
more difficult after prolonged formalin fixation.
Patients with a history of multiple lower-segment caesarean deliveries will
have an anterior myometrial wall largely consisting of fibrotic scar tissue.8 Myofibre
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loss and the excessive accumulation of collagen impairs the function of muscular
tissue, which loses elasticity and becomes more prone to dehiscence and rupture in
subsequent pregnancies. Lower-segment dehiscence becomes more pronounced as
pregnancy advances due to the pressure of the fetus and uterine contractions, both
of which increase the disruption of the fibrotic tissue.8 As shown in our study group,
this creates areas of dehiscence in the lower uterine segment covered only with
perimetrium also called uterine “windows” (Figures 1 and 2). In these cases, the
portion of the placenta that is implanted underneath is often visible through the
uterine window independently of any villous tissue invading the serosa and/or the
surrounding myometrium (Figure 3). In eight cases in the control group, the placenta
was classified as percreta by the operating team at delivery. In four of these cases,
there was no evidence invasive villous tissue within or around the scar area. The
corresponding surgical and pathology reports did not describe in detail the
macroscopic features of the hysterectomy specimens, and thus it is likely that these
cases were not cases of placenta percreta. These findings suggest that areas of
dehiscence of the lower uterine segment in patients with a history of prior caesarean
deliveries presenting with placenta previa can be easily mistaken intra-operatively as
placenta percreta and can explain the wide variation in the incidence of this
placentation anomaly reported in the literature.18 These findings also highlight the
importance of a close collaboration between the surgical and pathology team.
Strengths and limitation of the study
Our study has a number of strengths compared to other contemporary published
studies. The study group was evaluated prospectively allowing direct correlations
between ultrasound imaging and gross intra-operative and immediate post-operative
features. The intra-operative and immediate post-operative gross examination of
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hysterectomy specimens with placenta in-situ and guided sampling for histological
examination allowed us to accurately stratify our cases for the depth and extent of
villous invasiveness. This methodological approach should also be useful in cases of
conservative management, and in particular in cases where partial myomectomy of
the accreta area can be achieved.
The weakness of the study rests on the retrospective design of the control
group, the difference in maternal characteristics between the group and the relatively
small sample size of both groups which does not allow for more detailed correlations
between prenatal ultrasound imaging, clinical findings at birth and histopathologic
findings. This may have created a bias in favour of the method used to evaluate
study group. Further larger prospective studies are now required to evaluate the
relationships between specific ultrasound signs and histopathology results and their
impact on the accuracy of prenatal diagnosis, management and outcome of the
different grades of placenta accreta spectrum.
Conclusions
Health provision for the development of centres of excellence with a specialist
multidisciplinary team, blood bank and intensive care infrastructure to manage
patients with placenta accreta spectrum requires an accurate evaluation of its
prevalence and outcome which entails the use of standardized perinatal diagnostic
protocols. The precise description of the extension of the abnormal placental
attachment, degree of villous invasiveness and/or spatial relationship of the accreta
villous tissue with the previous caesarean section scar, the cervix, and main uterine
circulation are essential to obtain valuable epidemiology data and evaluate the
outcome of different management strategies.
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Our proposed methodology is simple and cost-effective in obtaining additional
valuable data to standard pathologic examination and engages more efficiently
perinatal pathologists into the multidisciplinary team. Closer collaboration between
clinicians and pathologists and the use of this protocol facilitates immediate
correlation with imaging and intra-operative findings as well as standardized tissue
sampling for accurate differential diagnosis between the different grades of villous
invasiveness. This approach should also provide valuable data for clinical training,
implementation of guidelines and changes in clinical practice behaviour and help us
to better understand the pathophysiology of placenta accreta spectrum.
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Table 1. Comparison of maternal demographics and PAS pathology technical
characteristics for the study (n=24) and control (n= 24) groups.
Variable

Study
Group

Controls

P

Maternal age (years)

32.5 (29.5;35.0)

35.5 (32.5;38.5)

0.004

Gravidity

5.0 (3.5;6.0)

4.0 (3.0;6.0)

0.430

Parity

3.0 (2.0;4.5)

3.0 (2.0;3.0)

0.08

No of prior Caesarean sections 3.0 (2.0;4.0)

2.0 (1.0;3.0)

0.005

Gestational age at delivery

35.8 (33.7-36.8)

0.189

36.3 (36.0-37.1)

Histopathology reporting time
7.0 (7.0;8.0)
15.5 (12.5;22.5)
(days)
No of slides showing invasive
2.0 (2.0;3.0)
1.0 (0.5;2.0)
villi
No of samples taken per
4.0 (3.0;5.0)
14.0 (12.0;15.0)
hysterectomy specimen
No of samples taken/ slides
2.0 (1.5;2.0)
9.0 (7.0;15.0)
showing invasive villi
PAS grading Adherent (n)
2 (8.3%)
7 (29.2%)
Invasive (n)
22 (91.7%)
17 (70.8%)
PAS: Placenta accreta spectrum. *Chi-square with Yates correction.

<0.001
0.002
<0.001
<0.001
0.139*

Numerical data are presented as median (interquartile range) and categorical data
as n (%).
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Table 2. Ultrasound and peri-operative macroscopic characteristics of the study group
(n= 24).
Characteristics
Placental location
- Low-lying
- Marginal previa
- Covering previa
Myometrium thickness
- < 1mm (Thin)
- 1-2 mm
- 2-3 mm
Lacunae score
- 1+ (1-3)
- 2+ (4-6)
- 3+ (> 6)
Intra-operative anterior wall dehiscence
- None
- Focal
- Large
Immediate post-operative PAS grading & area
- Adherent
- Focal invasive
- Large invasive

Cases n (%)

1 (4.2)
1 (4.2)
22 (91.6)
19 (79.2)
3 (12.5)
2 (8.3)
3 (12.5)
7 (29.2)
14 (58.3)
2 (8.3)
10 (41.7)
12 (50.0)
2 (8.3)
9 (37.5)
13 (54.2)
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Table 3. Ultrasound and peri-operative macroscopic correlations for the invasive cases
of the study group (n= 22).
Ultrasound features
None
Focal
n=2
n=9
Myometrium thickness
- < 1mm (Thin)
- 1-2 mm
- 2-3 mm
Lacunae score
- 1+ (1-3)
- 2+ (4-6)
- 3+ (> 6)
Feeder vessels
- None
- Yes

Anterior wall dehiscence
Large
Focal
Large
n=11
n=9
n=13

Invasive area

0
1
1

7
1
1

10
1
0

7
0
2

10
3
0

1
1
0

0
3
6

0
3
8

0
4
5

1
3
9

2
0

3
6

4
7

3
6

6
7
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FIGURE LEGENDS
Figure 1. Intra-operative views uterine wall dehiscence (D) in cases of placenta
previa increta. Note tangled bed of vessels and multiple vessels running craniocaudally and laterally in the anterior perimetrium in both cases. Left) anterior and
lateral focal areas of dehiscence; Right) large area of dehiscence (uterine window)
occupying most of the lower uterine segment.
Figure 2. Intra-operative views showing dense tangled bed of vessels and multiple
vessels running cranio-caudally and laterally in the anterior perimetrium in cases of
placenta previa increta. Left) There is no evidence of uterine dehiscence in this case;
Right) Note the presence of small area of anterior wall uterine dehiscence (D).
Figure 3. Immediate post-operative views of hysterectomy specimen before and
after dissection in a case of placenta previa increta. Left) Note a large area of
anterior wall uterine dehiscence (D) underneath which part of the placenta is
inserted. The hypervascularity of the serosa is no longer visible; Middle) View of a
longitudinal uterine slice showing the placental insertion (P). Note the presence of
dilated vessels (arrows) protruding from the uterine (U) wall towards the uterine
cavity, above the placental insertion. The placental tissue between the 2 arrows
corresponds to the placental portion visible under the serosa of the uterine
dehiscence; Right) View of the same slice after digital dissection. The portion of the
placenta that could not be digitally separated (*) showed villous tissue invading the
myometrium on microscopic examination.
Figure 4. Immediate post-operative views of hysterectomy specimen before and
after dissection in a case of placenta previa increta. Left) Note a large area of
anterior wall uterine dehiscence (D); Right) View after dissection showing a large
portion of the placenta deeply embedded within the uterine wall (P) which could not
be digitally separated during dissection.

Figure 5. Immediate post-operative view of hysterectomy specimen after dissection
in a case of abnormally adherent placenta previa. The placenta could be completely
digitally separated from the uterine wall.
Figure 6. Immediate post-operative views of hysterectomy specimens after
dissection in cases of increta placentation showing dilated vessels (arrows)
protruding from the uterine (U) wall towards the uterine cavity, away from the
placental (P) insertion.
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