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ARTICLE INFO ABSTRACT

Keywords: Introduction: During normal placentation, extravillous trophoblast (EVT) colonises and, in synergy with maternal
Placenta accreta spectrum leukocytes, transforms the walls of uterine spiral arteries in the decidua and inner myometrium. In placenta
Histopathology

accreta spectrum (PAS), migration of extravillous trophoblasts (EVT) is abnormally deep, reaching larger up-
stream arteries in myometrium. As little is known about their interactions in accreta areas, scar tissue and deeper
arteries were examined for colonisation and remodelling by trophoblast and maternal inflammatory cells.
Methods: Samples (n = 79) were fresh hysterectomy specimens taken immediately after surgery in 11 patients
presenting with placenta previa accreta at birth, at term or near term. They were obtained from accreta areas,
non-accreta areas and, in cases of associated dehiscence of the lower uterine segment, from the adjacent shell
(uterine boundary membrane). Samples were stained using antibodies to EVT (cytokeratin) or inflammatory cells
(CD45). Arterial profiles positioned within 5 mm of villous placenta at scar sites were included in the analysis (54
lumina).

Results: EVT colonisation of scar tissue was much more extensive than in adjacent myometrium (p < 0.001).
Large arteries were remodelled (20.3 %), partially remodelled (22.2 %) or unremodelled (29.6 %). Unremodelled
arteries were present in 10/11 specimens while 6/11 had one or more fully remodelled. Leucocytes/inflam-
matory cells were frequently associated with arteries undergoing remodelling. EVT also accumulated beneath the
serosa but were not found to cross it.

Discussion: Some remodelling of deep arteries occurs in most samples from accreta areas, but persistence of
unremodelled arteries in distal segments with abnormally high velocity intraplacental blood flow is probably the
main mechanism leading to lacuna formation.

Extravillous trophoblast
Artery remodelling
Inflammatory cells

1. Introduction

Placenta accreta is defined by the abnormal attachment of one or
more placental cotyledons to the uterine wall at birth [1-3]. With rapid
increases in cesarean delivery (CD) rates, more than 90 % of cases of
placenta accreta spectrum (PAS) are found in patients with a history of
lower uterine segment (LUS) cesarean section presenting with an ante-
rior low-lying placenta or placenta previa [4,5]. Although accreta
placentation has been described in association with a scar of the upper
uterine segment (non-previa accreta), or a congenital uterine anomaly,
or uterine pathologies such as adenomyosis (accreta in an unscarred
uterus), these cases are rare and poorly documented clinically and

histologically [1,4].

Patients with a history of CD, especially those with prior multiple
CDs, often have a large cesarean scar defect (CSD) or niche of the LUS
and, in subsequent pregnancies, are at high risk of cesarean scar ectopic
pregnancies (CSEP) [6], half of which when ongoing will develop into a
placenta previa accreta [7-9]. The residual niche comprises scar tissue
incorporating disorganised myocyte layers with fibrosis, tissue edema,
inflammation and elastosis covered by an atrophic endometrium [10].
In normal gestation, trophoblast escaping from the tips of anchoring villi
(extravillous trophoblast, EVT) in the first and second trimester migrate
through the decidua to the junctional zone, and a smaller population of
cells progresses further into the inner third of the myometrium. The
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walls of spiral arteries in these areas are populated and transformed to
create passive (non-contractile) channels by cooperative action of EVT
and maternal inflammatory cells [11-13]. In accreta placentation, there
is evidence of extensive EVT migration reaching deeper layers of the
myometrium and the corresponding larger arteries (radial and arcuate)
[14-19]. In PAS, both the development of villous tissue inside a scar and
the abnormally deep EVT are associated with major changes in the
utero-placental and intraplacental circulation on ultrasound imaging
and at birth [8,18-20].

Understanding placentation in PAS requires an integrative view of
how the placental/scar interface is established, colonisation of maternal
tissue by EVT and subsequent growth of the villous tree [9]. Recent
findings show that the scar may strongly influence patterns of EVT
migration [21] and suggest that arterial wall remodelling in deeper sites,
analogous to that of spiral arteries, might allow local expansion of vessel
openings, thus mitigating the impact of high velocity flow. The aim of
this study was to examine the susceptibility of both scar tissue and
deeper arteries to colonisation and remodelling by EVT and maternal
inflammatory cells and to examine the behaviour of EVT that reaches the
uterine wall. The novelty of the work resides in the analysis of multiple
biopsies taken at different depths in the uterine scar in fresh hysterec-
tomy specimens from pregnancies complicated by PAS, evaluation of
changes to deep uterine arteries arising nearby scar areas heavily
colonised by trophoblast, and our insights into the distinct behaviour of
extravillous trophoblast in scar tissue, myometrium and when it reaches
the subserosal surface layer of the uterus.

2. Materials and methods
2.1. Study design

This was a retrospective analysis of prospectively collected data from
11 patients diagnosed with PAS at birth who had an elective near-term
cesarean hysterectomy in the Department of Obstetrics and Gynecology,
University of Cairo, Egypt [22]. All patients had a history of >2 prior
CDs and presented with an anterior placenta previa on transabdominal
and transvaginal scan (TVS). The diagnosis of PAS at birth was
confirmed when one or more placental cotyledon(s) could not be digi-
tally separated from the uterine wall at delivery or during the gross
examination of the fresh hysterectomy specimens as previously
described [22].

Detailed transabdominal sonographic and TVS examinations
including color Doppler imaging (CDI) mapping of the placenta and
utero-placental interface (GE Voluson E10, GE Medical System, Zipf,
Austria) were performed within the 48 h that preceded surgery. Ultra-
sound findings were recorded using a standardized protocol including
anomalies of uterine contour (loss of clear zone, myometrial thinning
and placental bulge) and anomalies of the utero-placental, intra-
placental and cervical circulation [23]. Lacunae were also recorded
according to the score proposed by Finberg and Williams [24] i.e. 0 =
none, 1+ = 1-3, 24+ = 4-6, 3+ = >6.

Ethical committee approval was obtained before the start of the
study (Institutional Scientific and Research Ethical Committee approval
at the University of Cairo (RSEC 021001)). All participants gave their
informed consent after a detailed explanation of the study’s purpose. All
data were fully anonymised before analysis.

2.2. Histopathologic examination

Tissue blocks were obtained from fresh hysterectomy specimens as
previously described [22]. In all cases, samples including the whole
thickness of uterine wall, the placental bed and at least a third of the
placental thickness were collected from accreta areas and areas with no
gross evidence of abnormal placental attachment. Samples were also
collected in six cases from the uterine margin adjacent to the dehiscence
area. A total of 79 samples were obtained (averaging about 7 per patient
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and taken at advancing depth up to and including the serosa) and fixed
in 10 % neutral buffered formalin, wax embedded and sections stained
with hematoxylin and eosin (H&E).

2.3. Immunohistochemistry

Sections 5pm thick were dewaxed, then stained for cytokeratin 18
(CK18, C8541, Clone CY-90, Sigma Aldrich, Dorset, UK), leucocytes
(CD45, common leukocyte antigen Clone 2B11 + PD7/26, DAKO, Cal-
ifornia, USA) and desmin (polyclonal, Stratech, Ely, UK). The desmin
antibody required antigen retrieval with a citrate buffer at pH 6.0.
Endogenous peroxidases were quenched by incubation for 10 min with
3 % hydrogen peroxidase (VWR Chemicals, Leicestershire, UK) and after
TBS washes were treated to prevent non-specific binding (goat serum
(G9023, Sigma Aldrich, Dorset, UK), human serum (H4522, Sigma
Aldrich) and Tween 0.1 % in TBS) for 30 min. Incubation in the primary
antibody (CK18 1:500, CD45 1:200 and Desmin 1:200) was carried out
overnight at 4 °C. Slides were washed with TBS/Tween and goat anti-
mouse (16729-AAT, Stratech, Cambridge, UK; 1:300) was applied for
30 min followed by TBS washes and incubation in avidin-peroxidase
(A3151, Sigma Aldrich, Dorset, UK; 1:200) for 30 min. Binding was
revealed by treatment with 3,3-diaminobenzidine (DAB) (SK-4100,
Vector Laboratories, Newark, California, USA) then slides were washed,
briefly counterstained in Modified Mayer’s Hematoxylin and mounted
in DePeX. Some sections stained for cytokeratin were counterstained
with both hematoxylin and eosin before dehydration and clearing. All
sections were digitised for archiving (SlideScanner, 3D Histech Pano-
ramic 250) and analysed using SlideViewer Software (Version 2.6,
3DHISTECH Fejleszt6 Korlatolt Felel6sségti Tarsasdg (3SDHISTECH Kft.).

2.4. Analysis of extravillous trophoblasts in scar tissue and myometrium

Slides stained for the muscle marker desmin were used to distinguish
myometrium from scar tissue in areas adjacent to the villi before further
analysis of fibrinoid and EVT to avoid unconscious bias (not shown). The
same areas were located on slides stained with CK18/H&E and an
annotation square size 1500px x 1500px was added. A threshold for
positive cell identification was then optimised and the cells in each
square were counted and classified as positive or negative
(Supplemental Fig. 1A-F, zoom into annotation boxes). The proportion
of stained cells was exported into GraphPad Prism (Version 10.0.1, ©
1994-2021 GraphPad Software, LLC) where the data were corrected
using a ROUT outlier test, characterised using a D’ Agostino and Pearson
normality test and, where non-parametrically distributed, compared
using a Mann-Whitney U test.

Samples (34) were excluded from this analysis if they had no villous
placenta, no maternal scar tissue or myometrium, no maternal tissue
along the placental-uterine interface, no maternal tissue that could be
reliably identified, or if there were significant areas of tissue detach-
ment. Ideally, samples had both myometrium and scar tissue measure-
ments taken, however some contained only one tissue type.

2.5. Assessment of fibrinoid deposition in scar tissue and myometrium

Areas of scar tissue and myometrium adjacent to villi were first
identified on desmin-stained slides and then annotation boxes (1500px x
1500px) were added to the corresponding areas of the CK18/H&E slides
on QuPath. A pixel classifier was set up for fibrinoid detection and run
for all annotation boxes. The data were imported into GraphPad Prism,
checked for non-normality and compared using a Mann-Whitney U test.
Exclusion criteria for this analysis were as above resulting in 55
exclusions.
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2.6. Correlation between trophoblast and fibrinoid deposition in scar
tissue

Scar tissue was identified on desmin-stained slides and matched to
corresponding areas on the CK18/H&E-stained slides. A thick band of
EVT in scar tissue adjacent to the villi was often found associated with
areas of abnormal adhesion of villi, and its incidence was noted. CK18/
H&E images were imported into QuPath and 5 annotation boxes each
1500px x 1500px were spaced apart equally along the area of abnormal
adhesion (Supplemental Fig. 2A). One script was set up to count
numbers of stained EVTs (Supplemental Fig. 2B) and another to make a
pixel threshold to estimate amounts of fibrinoid deposition in each box
(Supplemental Fig. 2C and D). All measurements were exported into
GraphPad Prism. The relationships between variables did not differ
significantly from linearity, and variables were approximately normally
distributed, so a Pearson’s correlation coefficient was used. Excluded
samples (28) included those with a lack of villi, lack of scar tissue and
sections impaired by significant areas of tissue detachment from the
slide.

2.7. Evaluation of the extent of remodelling of arteries in the myometrium

Using C18 K/H&E-stained slides, all arterial lumens within 5 mm of
the intervillous space, excluding embedded villi, were identified as
either: 1) unremodelled, 2) unremodelled but with at least 1 EVT cell in
the arterial wall, 3) partially remodelled, 4) fully remodelled, 5) dis-
playing intimal hyperplasia with remodelling or 6) intimal hyperplasia
without remodelling. The location of each artery was also noted i.e. scar,
myometrium, stroma or fibrinoid.

The criteria for remodelling were: fibrinoid deposition around the
vessel wall, EVTs invading the wall, disruption or absence of smooth
muscle and the presence of inflammatory cells. An artery with all 4 was
classed as fully remodelled, while those with 1-3 were classed as
partially remodelled. Intimal hyperplasia was defined as a deposition of
connective tissue cells within the inner arterial wall.

3. Results

All patients had an anterior placenta previa reaching or covering the
cervix and were delivered at or near term (36-37 weeks) (Table 1). They
presented on pre-operative ultrasound examination with major dehis-
cence of the LUS, placental bulging (part of the placenta herniated
through the dehiscence) hypervascularisation of the utero-placenta
interface and a lacuna score >2 and required a hysterectomy to con-
trol intraoperative bleeding. In all cases, around 10-15 % of the
placental basal plate was found to be abnormally attached to the uterine
wall.

3.1. Interface characteristics and patterns of EVT colonisation of scar and
myometrium

Scar tissue was characterised by prominent large anisotropically-
distributed collagen fibrils (Fig. 1A) and lacked immunostaining for
desmin, which marks myometrium (not shown). Cytokeratin immuno-
staining revealed extensive colonisation of scar tissue by EVT (Fig. 1B),
with significantly fewer cell numbers in myometrium (Fig. 3C; p <
0.001) where they largely occurred as widely spaced single cells or small
groups, suggesting a preference for migration within the scar tracts.

Extensive and thick fibrinoid deposition was apparent at the villus-
scar interface, more associated with scar than with myometrium (p =
0.0031) (Fig. 2A). Often EVT cells formed dense bands within the scar,
especially where villi were attached to fibrinoid superficial to scar tissue
(Table 2). The EVT count in the band and amount of fibrinoid deposited
in the same area were highly correlated (p < 0.0001) (Fig. 2B). The
results plotted by both biopsy site and patient number show that this
trend is present with both variables (Fig. 2C), indicating the amount of
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Table 1

Clinical characteristics of the 11 women included in the sample set. Lacunae
were graded as proposed by Finberg and Williams [20]: 0 = none, 1+ = 1-3,
2+ = 4-6, 3+ = >6. Y = Years, CS = Cesarean section, wks = weeks, g =
grams, IQR = Interquartile range.

Variables Median (IQR)
Age (y) 35 (32-28)
Gravidity 6 (5-6)
Parity 4(3-5)
Number of previous CS’s 3(3-4)

Gestation age at delivery (wks)
Fetal weight (g)

37 + 3 (36-37)
2850 (2760-2975)

Ultrasounds n (%)
Loss of clear zone

Yes 11 (100)

No 0(0)
Bladder wall interruption

Yes 0(0)

No 11 (100)
Placental bulge

Yes 7 (63.6)

No 4(36.4)
Lacunae:

1+ 3(27.3)

2+ 3(27.3)

3+ 5(45.5)
Intraoperative gross n (%)
Size of dehiscence

Moderate 2(18.2)

Major 9 (81.8)
Placental bulge

Yes 9 (81.8)

No 2(18.2)

fibrinoid and incidence of EVT are correlated, both per biopsy and per
patient.

There was no correlation between the number of EVTs and the
number of previous CDs (p = 0.7419), nor between the amount of
fibrinoid deposition and the number of previous CDs (p = 0.7599). There
was also no correlation between the amount of fibrinoid deposition and
fetal weight (p = 0.5054).

3.2. Arterial wall transformation with loss of vascular smooth muscle can
occur in deep arteries in association with EVT

Large patent arteries were present adjacent to the myometrium/scar
boundary (Fig. 3). In some cases, arterial profiles were incorporated into
fields of scar tissue and even opened into the intervillous space (IVS)
(Fig. 3). There were 54 arterial lumina found in scar tissue or myome-
trium within 5 mm of villous placenta; some were unremodelled but had
at least 1 intramural EVT (5.6 %). Others were remodelled (20.4 %),
partially remodelled (22.2 %) or unremodelled (29.6 %), with some
arterial sections, including those situated near the IVS, completely
lacking intramural EVT. Overall, EVT was present in 61 % of arterial
profiles located within 5 mm of villous placenta (Table 3). Where EVT
was absent, arterial profiles were not conspicuously remodelled, but
other arteries containing abundant mural EVT showed remodelling
largely consistent with that seen in spiral arteries in normal pregnancy,
ranging from focal muscle layer disruption to full replacement of smooth
muscle with fibrinoid, and embedding of large EVT cells within the wall
(Fig. 4A). Some arterial walls contained EVT despite the absence of local
interstitial EVT, consistent with possible counter-current intramural
migration (Fig. 4D).

Inflammatory cells were commonly seen in adventitial and mural
regions of both remodelled and unremodelled arterial profiles (Figs. 4B
and. 5C,D), with no obvious correlation with the degree of mural
remodelling. Intimal hyperplasia was quite common in the presence and
absence of both EVT and CD45" cells (Figs. 4 and 5), especially in
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Fig. 1. There are more EVTs in scar tissue than in myometrium. A) The proportion of EVT in the scar tissue vs the myometrium. A ROUT test (Q = 5 %) found 5
outliers in the myometrium group (p < 0.0001; Mann-Whitney U test). B) An area of myometrium containing EVTs (CK18; arrow). C) Adjacent section (H&E)
showing the organised muscle fibres in myometrium. D) An area of scar tissue containing EVT (arrow). Note the increased number of EVTs compared to the
myometrium. E) Adjacent section with H&E stain showing anisotropic collagen fibres characteristic of scar tissue. All areas imaged were adjacent to villous
placenta (4x).
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Fig. 2. A) There is more fibrinoid deposition in scar tissue (n = 13) than in myometrium (n = 11). Fibrinoid deposition in association with scar tissue exceeds that in
myometrium (p = 0.0031**; Mann-Whitney U test; median + IQR). B,C) EVT numbers are correlated with the amount of fibrinoid. B) A significant Pearson’s
correlation between the number of extravillous trophoblasts (EVT) and the amount of fibrinoid deposited in the extravillous trophoblast band adjacent to the villi (p
< 0.0001), organised by biopsy site: anterior (p < 0.0001, n = 70), shell (p = 0.0004, n = 15), free of accreta (p < 0.0001, n = 50), lateral (p = 0.2857, n = 25),
posterior (p = 0.6765, n = 25), right (p = 0.0395, n = 15). C) A significant Pearson’s correlation between the number of EVTs and the amount of fibrinoid deposited
in the extravillous trophoblast band adjacent to the villi, organised by patient number: A70 (p = 0.032, n = 10), A72 (p = 0.51, n = 15), A74 (p < 0.0001, n = 25),
A75 (p = 0.024, n = 20), A76 (p = 0.079, n = 30), A77 (p = 0.012, n = 10), A79 (p = 0.0001, n = 25), A80 (p = 0.84, n = 30), A88 (p = 0.339, n = 15), A89 (p =
0.0002, n = 20). The black line indicates the positive correlation.

arterial segments close to the IVS. No other pathological changes were were found to cross this layer.
observed.
4. Discussion

3.3. The serosa limits the migration of extravillous trophoblasts Our data show that migration of EVT into and within scar tissue
under accreta areas is much more efficient than into adjacent myome-
trium in which the layering of adjacent muscle cells remains intact. Deep
myometrial arteries can be colonised by EVT and transformed similarly
to spiral arteries in the normal placental bed. Numbers of Ki67-positive

Fig. 6 shows an example of one of two observed sites where EVT had
migrated through the entire thickness of the myometrium, resulting in a
thick band of cells adjacent to the submesothelial collagen layer under
the serosal mesothelium covering the dehiscence shell. No EVT cells
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Fig. 3. A-C) Large patent arteries are found adjacent to the myometrium/scar boundary. CK18/H&E staining showing arterial profiles near the IVS completely
lacking mural colonisation despite the nearby presence of interstitial EVT (arrows). Fibrinoid abuts the placental villi (*). D) Typically irregular transformed arterial
profile with CK + EVT, loss of smooth muscle and deposition of fibrinoid (*) with replacement of the normal wall. E) A transformed artery containing mural and
adventitial brown-staining CD45" cells. F) An unremodelled artery lacking CD45™ cells. It also lacks EVT. (For interpretation of the references to color in this figure

legend, the reader is referred to the Web version of this article.)

interstitial EVT in accreta cases at term are no different from EVT in
control placental beds [15,16] but near-term EVT have largely left the
cell cycle, thereforestudies in early gestation are required to address
proliferative behaviour in scar environments.

Several authors [25-27] have suggested that EVT in PAS may be
inherently more invasive than in normal pregnancy, akin to a tropho-
blastic cancer phenotype. However, candidate proteins have been
identified in villous tissue rather than in EVT, and functional studies
have been carried out either in trophoblast cell lines [25,26] or in one
case [27] villous cytotrophoblast isolated from later gestation PAS. By
analogy with normal placental development, the colonisation of scar
tissue by EVT would be expected to occur largely in the first half of
pregnancy. In these studies, there is no detailed description on the
intraoperative and histopathologic findings and/or insufficient infor-
mation about the area(s) of the utero-placental interface from which
samples were obtained. All our samples were obtained from accreta
areas in fresh hysterectomy specimens [22], and thus should provide an
accurate evaluation of EVT migration under abnormally attached villous
tissue.

An alternative hypothesis is that distinct uterine tissue environments
regulate gene expression and migratory behaviour in trophoblast, as
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inferred from the greater abundance of EVT in scar environments than in
closely adjacent myometrium seen in the present data and reported by
others [14-19,27]. It is also pertinent that EVT cells in tubal pregnancies
show more proliferative and invasive characteristics than their intra-
uterine counterparts [28,29]. Finally, we have shown that EVT migra-
tion is completely blocked by the collagenous layer beneath the serosa,
suggesting that the densely packed collagen fibrils can resist penetration
by EVT. Though we cannot formally rule out an inherited predisposition
to more aggressive EVT colonisation of the scar in PAS patients, data
here are consistent with accreta placentation arising via the loss in the
scar area of physiological mechanisms arising from the maternal
decidual and superficial myometrium environment that normally
regulate EVT migration.

Large arcuate and radial arteries are present [30] in the deep myo-
metrium, and arterial segments can become incorporated into scar fields
during the remodelling of the LUS after CD. Unlike in normal unscarred
uterine wall, where only the (more superficial) spiral arteries are
accessed [11,12], placental growth into the scar makes the arcuate and
radial arteries accessible to the migrating EVT population. When larger
diameter arteries open into the intervillous space, high-velocity flow of
blood may displace villi, creating lacunae in ultrasound images and
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Fig. 4. A,B) A remodelled vessel with CD45" inflammatory cells and CK18+ EVT in the wall. Serial sections stained with A) H&E/CK18 showing EVT and B) CD45
showing inflammatory cells stained brown. C) Intimal hyperplasia with mural disruption is seen in the absence of mural EVT despite the presence of nearby CK18+
EVT in scar tissue. The intervillous space (IVS) is ~1 mm to the left (inset). D) Intimal hyperplasia in the presence of darkly stained mural CK18+ EVT, seen in two
arterial segments near scar tissue. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Table 2

A The number of samples from each patient containing an Extravillous
Trophoblast (EVT) band directly adjacent to abnormally adhesive villi in scar
tissue.

Patient number  EVT band and abnormal adhesion

A70 2/6
A72 3/5
A74 5/5
A75 5/5
A76 6/6
A77 3/3
A79 5/5
A80 6/7
A81 0/0
A88 4/4
A89 4/5

B The number of samples from each biopsy area containing an EVT band and
abnormally adhesive villi.

Anterior 15/17
Capsule 3/8
Free of accreta 11/12
Lateral 5/5
Posterior 5/5
Right 4/4

raising the likelihood of shear stress and oxidative damage [18,23]. As
the conceptus grows, the tissue containing large vessels thins so that, by
term, the placenta may be covered by a semi-transparent vascularised
membrane [31].

We analysed sites adjacent to large patent arteries where EVT colo-
nisation had occurred and showed remodelling changes in almost two-
thirds of those examined. Results may suggest that arcuate and radial
arteries are less susceptible to remodelling than spiral arterial segments,
but with the important caveat that, as EVT are fed into the placental bed
from anchoring villi, the extent of their migration is likely to vary
depending on the stage of early pregnancy at which anchoring sites
formed within the adjacent scar and the remaining myometrial thick-
ness. However, the variation between patients is significant; some of this
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can be ascribed to sampling that is, the likelihood of a given biopsy site
containing a large artery. More studies will be required to allow corre-
lation between implantation sites and scarred areas, and whether/when
scar tissue and large arteries may be encountered by migrating EVT.
Intraplacental tropism (adherent versus non-adherent sites in the same
placenta) has been suggested to be driven by endothelial and stromal
cells with notable differences in bone morphogenic protein 5 (BMP5)
and osteopontin (SPP1) in the adherent vs nonadherent sites of placenta
accreta spectrum [21], and certainly further work is required to advance
understanding of abnormal adhesion.

Adherent villi within a prior cesarean scar tissue field produce large
numbers of EVT which migrate freely within the scar, with a limited
ability to penetrate into adjacent myometrium. Although it is difficult to
track the level of proliferative activity in this population as gestation
proceeds, normally in the placental bed proliferation slows in the second
trimester and ceases altogether by 22 weeks. If this is so in the context of
PAS, the extent of EVT colonisation of scar tissue and adjacent myo-
metrium will depend on when the villous tissue encountered the scar
site. An early encounter might lead to more abundant cells and deeper
migration. Extensive fibrinoid deposition at the villus-scar interface [9]
may contribute a provisional substrate to the formation of columns in
first or second trimester that in turn give rise to the migratory
population.

Deep myometrial arteries can be receptive to EVT colonisation and
become transformed in a manner similar to spiral arteries in the normal
placental bed. Leukocyte recruitment to the secretory phase endome-
trium is affected by scar tissue [32]; in the present study though
maternal inflammatory cells were present in and around arterial walls,
there was no simple correlation with EVT. Some deep vessels either
resist remodelling (EVT in the vicinity have not penetrated the vessel
wall) or are not reached by migrating EVT. Absence of mural remodel-
ling is sometimes combined with channel constriction resulting from
intimal hyperplasia and may cause blood from large arteries to enter the
IVS at increased velocity.

Ultimately, where EVT cells reach the outer boundary of the uterus,
migration is restricted by the outer thick collagenous shell, providing
further evidence that colonisation of maternal tissue spaces is regulated
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Table 3

Location of EVT within arterial media. EVT is present in the media of 61 % of arterial profiles located within 5 mm of the villous placenta. The different arterial
patterns are listed by patient number. 33/54 profiles show some degree of remodelling with mural EVT present. These arteries are partially or fully remodelled with
loss of vascular smooth muscle.

Sample  EVTs near Remodelled  Partially Unremodelled  Intimal hyperplasia without Intimal hyperplasia with % with
unremodelled remodelled remodelling remodelling remodelling

A70 1 1 1 33
A72 4 4 1 1 90
A74 1 2 1 50
A75 1 1 50
A76 1 1 2 4 75
A77 2 1 0
A79 1 2 0
A80 1 2 2 1 2 86

A81

A88 1 2 3 2 63
A89 1 2 1 1 75

Total: 3 11 12 16 2 10

200pm

Fig. 5. A) and B) show CK 18+ mural EVT in an artery at low (A) and high (B) power, C) shows CD45™" cells in the same vessel. D,E) Intimal hyperplasia in a vessel
(v) crossing a field comprising mainly scar tissue towards the IVS, seen at bottom left. Note the absence of mural EVT, though interstitial EVT is present. D) CK18+
EVT cells enlarged in inset. E) H&E to show the structure of the vessel. See counts in Table 2.
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Fig. 6. Trophoblast layer near the serosa. Darkly stained extravillous trophoblasts can be seen in large numbers at the inner border of the surface connective tissue
membrane (cytokeratinl8/H&E). The arrow indicates mesothelium, an arrowhead indicates trophoblasts, the bracket indicates the collagenous layer.

by the very distinct mechanical, functional and biochemical properties
of the various uterine layers.

5. Conclusion

Unregulated migration of EVT into and within scar tissue in PAS
leads to colonisation of arcuate and radial arteries and transformation
similar to spiral arteries in the normal uterine wall. Some deep vessels,
however, resist remodelling — or the EVT may have arrived too late in
pregnancy, given that migratory behaviour diminishes from late second
trimester. This absence of mural remodelling combined with channel
constriction resulting from intimal hyperplasia may cause jets of high-
velocity maternal blood from large diameter arteries to enter the
intervillous space, explaining the development of placental lacunae in
accreta placentation. We can conclude that receptivity to EVT coloni-
sation is not restricted to spiral arteries. We suggest that migration is
altered by the maternal tissue environments colonised by EVT, previ-
ously characterised as ‘loss of boundary limits’ [19,21]. This will include
the absence of physiological signalling and ECM arising from maternal
decidual cells (including immune cells) that normally limit EVT migra-
tion, the more permissive environment of cesarean scar and the inher-
ently more resistive properties of myometrium including in the area of
scar dehiscence as the collagenous sub-serosa poses a barrier to their
migration [33].
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