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Obstetric Ultrasound: 
Setting the Standard for 2019

Abnormal 
Placental 
Attachment
SEBASTIAN HOBSON

Disclosures

u None

Outline: 
Abnormal Placental Attachment

u Background
u Epidemiology
u Risk factors
u Outcomes
u US imaging

u Live scan u Placenta accreta spectrum disorders (PASD)

u Invasive placentation

u Morbidly adherent placentation

u Normal

u Pathophysiology
u Several theories

u Accreta
u Defective/absent decidua

u Increta & Percreta

u Uterine dehiscence

u Genetic, environmental & 
functional components

Background

u Major obstetric & largely iatrogenic problem

u Becoming more common, a 20th/21st century disease

u Increased maternal & fetal burden of disease

u Significant psycho-social effects

u May or may not be diagnosed before delivery

u Need a high index of suspicion to screen/diagnose adequately

u Significant resources & expertise

u Cause of significant stress in all stakeholders

Background

u Wide variations in diagnosis & management

u Ultrasound vs MRI vs both

u Pre-operative planning & Team structures

u Timing of delivery

u Skin incisions

u Blood loss strategies

u Cell salvage

u Tranexamic acid

u Vessel ligation/balloons

u Management of placenta

u Cystoscopy +/- ureteric stenting

u Surgical or conservative management, etc.
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More common than you think…

u Overall rate of IP was 
24.8 per 10,000 (1:403)

AOGS ORIGINAL RESEARCH ARTICLE
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Abstract

Introduction. Abnormally invasive placenta involves abnormal adherence of the
placenta to the myometrium and is associated with severe pregnancy
complications such as blood transfusion and hysterectomy. Knowledge of
outcomes has been limited by small sample sizes and a focus on maternal
rather than neonatal outcomes. This study uses population-level data collected
over 10 years to investigate maternal and neonatal outcomes and trends in
incidence of abnormally invasive placenta (also known as placenta accreta,
increta and percreta). Material and methods. A population-based record linkage
study was performed, including all women who gave birth in New South
Wales, Australia, between 2003 and 2012. Data were obtained from birth
records, hospital admissions and deaths registrations. Modified Poisson
regression models, adjusted for confounding factors, were used to quantify the
effect of abnormally invasive placenta on adverse maternal and neonatal
outcomes. Results. Abnormally invasive placenta was significantly associated
with morbidity for mothers (adjusted relative risk 17.6, 99% confidence
interval 14.5–21.2) and infants (adjusted relative risk 3.1, 99% confidence
interval 2.7–3.5). Abnormally invasive placenta increased risk of stillbirth
(relative risk 5.4, 99% confidence interval 4.0–7.3) and neonatal death (relative
risk 8.0, 99% confidence interval 1.5–41.6). The overall rate of abnormally
invasive placenta was 24.8 per 10 000 deliveries, and 22.7 per 10 000 among
primiparae. Incidence increased by 30%, from 20.6 to 26.9 per 10 000, over
the 10-year study period. Conclusions. Abnormally invasive placenta
substantially increases the risk of severe adverse outcomes for mothers and
babies, and the incidence is increasing. Delivery should occur in tertiary
hospitals equipped with neonatal intensive care units. Clinicians should be
cognizant of the risks, particularly to infants, and maintain a high index of
suspicion of abnormally invasive placenta, including in primiparae.

Abbreviations: AIP, abnormally invasive placenta; aRR, adjusted relative risk;
CI, confidence interval; ICD-10-AM, International Classification of Diseases
10th revision Australian modification; IQR, interquartile range; NAOI,
neonatal adverse outcomes indicator; NICU, neonatal intensive care unit;
NSW, New South Wales; RR, relative risk.
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Outcomes of interest for mothers also included obstetric
hemorrhage, embolization in the birth admission, hys-
terectomy within six months, manual removal of placenta
within six weeks, readmission within six weeks, and ICU
admission. In the multivariable analysis, neonatal morbid-
ity was defined by a composite of the neonatal adverse
outcomes indicator (NAOI) (12), stillbirth, or infant
death during the birth hospitalization. Deaths were
excluded from the NAOI in univariate analysis and
reported separately. Other neonatal outcomes included
gestational age, small-for-gestational-age, Apgar score at
five minutes, resuscitation, and admission to neonatal
intensive care unit (NICU) or special care nursery, still-
birth, neonatal death and death prior to discharge. Length
of stay was calculated as the difference between the day of
discharge and the day of admission for mothers, and the
day of discharge and date of birth for infants, with stays
of less than 24 h rounded up to one day.

Tertiary hospitals were defined as tertiary public hospi-
tals with a NICU (annual birth volume ≥1000). Private
hospitals were grouped together (annual birth volume
≥20), with non-tertiary public hospitals grouped by
annual average number of births (large: ≥1000, medium:
500–999, small: 1–499) (13). To determine the level of
access to blood products, hospitals were grouped accord-
ing to whether they had a 24-h on-site blood bank, on-
site cross-matching facilities during the day but on-call
after hours, or no cross-matching facilities (14).

Trends over time were tested using the Cochran–Armi-
tage test for binomial outcomes and the Jonckheere–
Terpstra test for multinomial outcomes (15,16).

For the adjusted analyses, potential confounders con-
sidered were maternal age, socioeconomic disadvantage
(based on maternal postcode), whether the mother was
born in Australia, hypertension, diabetes, prior cesarean
section (mothers’ outcomes only), baby’s birth year
(infants’ outcomes only), and whether the mother
smoked during pregnancy. Parity was excluded due to
strong collinearity with prior cesarean section and mater-
nal age. Only true confounders, i.e. factors likely to be
correlated with both AIP and morbidity or mortality,
were considered as covariates, consistent with etiological
modeling. Placenta previa, gestational age and small-for-
gestational-age were not included as covariates because of
the strong likelihood that they lie on the causal pathway
from AIP to morbidity. Multivariable analyses were
restricted to singleton deliveries given the different risk
profile of multiple pregnancies.

To test the association between adverse outcomes and
AIP, modified Poisson regression models with robust
error variances were used, taking into account clustering
within individual mothers (all models, to allow for repeat
pregnancies) and deliveries (where multiple pregnancies

were included). Potential confounders were included in
the full multivariable model where p < 0.2 in univariate
analysis. Backwards selection was used to remove factors
not significant at the 1% level from the final model (17).
Statistical analyses were performed using SAS ENTER-
PRISE GUIDE v6.1 (SAS Institute Inc., Cary, NC, USA).
Results are presented as relative risks (RR) with 99% con-
fidence intervals (CI). Adjusted and crude analyses were
repeated with stratification by gestational age (term and
preterm). Ethics approval for this study was granted by
the NSW Population and Health Services Research Ethics
Committee (2006/06/011).

Results

There were 922 925 deliveries of infants of at least
20 weeks’ gestation during the period 2003 to 2012. This
represents 595 597 mothers, 937 143 infants and
1 381 398 linked hospital and birth records for the peri-
natal period. There were 2285 deliveries that involved an
abnormally invasive placenta diagnosis, involving a total
of 2248 mothers.

Of the 2285 cases of AIP, 2229 (97.5%) had a record
of known associated diagnoses or procedures used for
management, including cesarean delivery, hysterectomy
within six months of giving birth, or any of the following
in the birth admission: obstetric hemorrhage, manual
removal of placenta, or arterial embolization.

The overall rate of AIP throughout the study period
was 24.8 per 10 000. The annual rate of AIP increased by
30.6% over the study period, from 20.6 per 10 000 to
26.9 per 10 000 (p = 0.009; Figure 1). For primiparous
mothers the rate was 22.7 per 10 000, with a non-signifi-
cant increase from 20.8 per 10 000 in 2003 to 22.5 in
2012 (p = 0.29).

Figure 1. Rates of abnormally invasive placenta in New South Wales

hospitals by year, 2003–2012. Circles = all mothers,

squares = primiparae.
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H.J. Baldwin et al. Outcomes of abnormally invasive placenta

30.6% increase
20.6

(1:485)

26.9
(1:371)

Prevalence 1:400 – 1:500

305,377 births/yr
~611 accreta/yr

392,902 births/yr
~786 accreta/yr

Risk Factors

u Increasing maternal age
u Increasing parity

u IVF
u Multiple pregnancy

u Placenta previa 
u Prior Caesarean section

u 1st 3%

u 2nd 11%

u 3rd 40%

u 4th 61%

u 5th or > 67%

u Uterine surgery
u D&C

u Myomectomy (cavity)

u Hysteroscopic surgery/ablation

u Cornual ectopic resection

u Higher socioeconomic status
u Pelvic irradiation

u Etc…

Maternal Outcomes

u Associated with poor maternal outcomes:
u Overall maternal morbidity

u Hemorrhage: median blood loss 2500-7800 mL

u Blood transfusion: 40% massive transfusion >10u

u Visceral/vascular injury

u Hysterectomy

u Maternal ICU admission

u Length of stay

u Readmission to hospital 

u Mortality remains low in high-resource countries

Perinatal outcomes

u Babies are usually well

u Except for… iatrogenic prematurity
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Screening /Diagnosis

u Intrapartum = HELP!

u Antenatal
u Ultrasound: sensitivity 90.7% (95% CI 87.2-93.6), specificity 96.9% (95% CI 96.3-97.5) 

u Foreknowledge of clinical setting is paramount, without this sensitivity only 53%

u MRI (non-contrast): sensitivity 94.4% (95% CI 86.0-97.9), specificity 84% (95% CI 76.0 
89.8)

u Most of these pregnancies were in the third trimester; accuracy can be lower 
outside of 24-32 weeks of gestation

u Novel techniques currently being researched include imaging & maternal 
biomarkers

Non-Pregnant: Scar Defect

First Trimester

u Pregnancy located in anterior uterine 
isthmus

u Empty cervical canal & uterine cavity

u Discontinuity in the anterior 
myometrium between GS + bladder

u No adnexal masses

Ultrasound Obstet Gynecol 2018
Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.20104

Screening for morbidly adherent placenta in early pregnancy
J. PANAIOTOVA, M. TOKUNAKA, K. KRAJEWSKA, N. ZOSMER and K. H. NICOLAIDES

Harris Birthright Research Centre for Fetal Medicine, King’s College Hospital, London, UK
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ABSTRACT

Objective To estimate the diagnostic accuracy of a
two-stage strategy for early prediction of morbidly adher-
ent placenta (MAP). In the first stage, at 11–13 weeks’
gestation, women with low-lying placenta and history of
uterine surgery are classified as being at high risk for MAP
and, in the second stage, at 12–16 weeks, these high-risk
pregnancies are assessed at a specialist MAP clinic.

Methods This was a prospective study in women
having an ultrasound scan at 11–13 weeks’ gestation
as a part of routine pregnancy care. Women with
low-lying placenta and a history of uterine surgery were
followed up at a specialist MAP clinic at 12–16 weeks’
gestation, 20–24 weeks and 28–34 weeks. At each visit
to the MAP clinic, an ultrasound scan was carried out
and the following features suggestive of MAP were
recorded: non-visible Cesarean section scar; bladder wall
interruption; thin retroplacental myometrium; presence of
intraplacental lacunar spaces; presence of retroplacental
arterial-trophoblastic blood flow; and irregular placental
vascularization demonstrated by three-dimensional power
Doppler.

Results Screening at 11–13 weeks was carried out in
22 604 singleton pregnancies, 1298 (6%) of which were
considered to be at high risk of MAP because they had
previous uterine surgery and low-lying placenta. At the
MAP clinic at 12–16 weeks, the diagnosis of MAP was
suspected in 14 cases and this was confirmed at delivery
in 13. In the rest of the population, there were no cases
of MAP.

Conclusion Accurate prediction of MAP can be achieved
by ultrasound examination at 12–16 weeks’ gestation.
Copyright © 2018 ISUOG. Published by John Wiley &
Sons Ltd.

INTRODUCTION

Morbidly adherent placenta (MAP) is a histopathological
term, which includes three categories according to the

Correspondence to: Prof. K. H. Nicolaides, Fetal Medicine Research Institute, King’s College Hospital, 16–20 Windsor Walk, Denmark Hill,
London SE5 8BB, UK (e-mail: kypros@fetalmedicine.com)

Accepted: 12 August 2018

depth of placental villous invasion into the uterine wall:
first, placenta accreta in which the placental villi are
directly attached to the myometrium without interposing
decidua; second, placenta increta in which the villi
penetrate the myometrium up to the uterine serosa;
and, third, placenta percreta in which the villi penetrate
through the serosa and invade surrounding tissues and
organs such as the bladder1–3. In clinical practice, the term
placenta accreta is often used for the three types of MAP.
Placenta accreta is associated with high maternal mortality
of up to 10% and morbidity of about 75%, including
uterine rupture before viability, massive hemorrhage,
multiorgan failure and need for hysterectomy4,5. Placenta
accreta is now the most common reason for Cesarean
hysterectomy6,7. The two main risk factors for MAP
are placenta previa and history of Cesarean delivery8–11,
and the risk increases with the number of Cesarean
sections from 3% for one, to 11% for two, 40% for
three and > 60% for four or more10.

The prognosis of MAP can be improved with prenatal
diagnosis, which has been shown to reduce morbidity by
50%5; however, only half of MAP cases are diagnosed
prenatally12. Ultrasound features suggestive of MAP
include non-visible Cesarean section scar, bladder wall
interruption, thin retroplacental myometrium, presence of
intraplacental lacunar spaces, presence of retroplacental
arterial-trophoblastic blood flow, and irregular placental
vascularization demonstrated by three-dimensional (3D)
power Doppler13–28. Most of the reported studies
evaluating the role of ultrasound markers in the prediction
of MAP were carried out during the second and/or
third trimesters of pregnancy16,17,19,21–28. There is only
one prospective first-trimester study that evaluated 105
high-risk pregnancies at 11–13 weeks’ gestation, in which
the one case of MAP was correctly predicted29.

This is a prospective screening study at 11–13 weeks’
gestation to, first, identify pregnancies at high risk of MAP
on the basis of history of uterine surgery and low-lying
placenta and, second, follow up the high-risk pregnancies
at a specialist MAP clinic at 12–16 weeks. The objectives
are to determine the performance of such a screening

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER

USS Features:
2D gray-scale

u [Placenta praevia]

u Myometrial thinning < 1mm
u Placenta bulging into bladder
u Placental lacunae (heterogeneity)
u Loss of hypo-echoic "clear space”
u Loss of hyper-echoic bladder line
u Overt invasion (usually bladder)

USS Features:
Colour/Power Doppler

u Maternal pulsatile lacunae flow 

u Turbulent/high velocity placental parenchymal flow 

u Increased uterine-bladder vascularity

u Increased sub-placental venous complex

Accreta placentation: a systematic review
of prenatal ultrasound imaging and grading
of villous invasiveness
Eric Jauniaux, MD, PhD; Sally L. Collins, MBBS, PhD; Davor Jurkovic, MD; Graham J. Burton, MD

Introduction
Placenta accreta (PA) is an iatrogenic
20th century disorder of human
placentation, characterized by the
abnormal attachment or invasion of
placental tissue to the underlying uterine
musculature.1-5 PA may have been
observed before the 20th century but all
epidemiologic studies have shown a
direct association between the increase
in cesarean delivery (CD) and the
increased incidence of PA in subsequent
pregnancies.1,6-8 PA is not exclusively a
consequence of CD and much smaller
surgical damage to the integrity of the
uterine lining, such as those following
“uterine curettage, manual delivery of
the placenta, postpartum endometritis
and previous hysteroscopic surgery,
endometrial resection, and uterine
artery embolization (UAE)”, has been
associated with PA in subsequent preg-
nancies.1,4,5,9 The development of PA
was also reported in women with no
surgical history but presenting with
uterine pathology such as bicornuate
uterus, adenomyosis, submucous fibroids,
and myotonic dystrophy.1,4,5 These indi-
vidual case reports suggest that intra-
myometrial implantation of villous tissue
is not always secondary to uterine surgery
and may explain the few rare cases of PA
observed before the 20th century.

PA was first defined in 1937 by Irving
and Hertig,10 as the “abnormal adher-
ence of the afterbirth in whole or in parts
to the underlying uterine wall.” The
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Medicine Unit, John Radcliffe Hospital, Oxford (Dr Collins); and Center for Trophoblast Research, Department of Physiology, Development, and
Neuroscience, University of Cambridge, Cambridge (Dr Burton), United Kingdom.
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BACKGROUND: Determining the depth of villous invasiveness before delivery is pivotal in
planning individual management of placenta accreta. We have evaluated the value of
various ultrasound signs proposed in the international literature for the prenatal diagnosis
of accreta placentation and assessment of the depth of villous invasiveness.
OBJECTIVE: We undertook a PubMed and MEDLINE search of the relevant studies
published from the first prenatal ultrasound description of placenta accreta in 1982
through March 30, 2016, using key words “placenta accreta,” “placenta increta,”
“placenta percreta,” “abnormally invasive placenta,” “morbidly adherent placenta,” and
“placenta adhesive disorder” as related to “sonography,” “ultrasound diagnosis,”
“prenatal diagnosis,” “gray-scale imaging,” “3-dimensional ultrasound”, and “color
Doppler imaging.”
STUDY DESIGN: The primary eligibility criteria were articles that correlated prenatal
ultrasound imaging with pregnancy outcome. A total of 84 studies, including 31 case
reports describing 38 cases of placenta accreta and 53 series describing 1078 cases
were analyzed. Placenta accreta was subdivided into placenta creta to describe su-
perficially adherent placentation and placenta increta and placenta percreta to describe
invasive placentation.
RESULTS: Of the 53 study series, 23 did not provide data on the depth of villous
myometrial invasion on ultrasound imaging or at delivery. Detailed correlations between
ultrasound findings and placenta accreta grading were found in 72 cases. A loss of clear
zone (62.1%) and the presence of bridging vessels (71.4%) were the most common
ultrasound signs in cases of placenta creta. In placenta increta, a loss of clear zone
(84.6%) and subplacental hypervascularity (60%) were the most common ultrasound
signs, whereas placental lacunae (82.4%) and subplacental hypervascularity (54.5%)
were the most common ultrasound signs in placenta percreta. No ultrasound sign or a
combination of ultrasound signs were specific of the depth of accreta placentation.
CONCLUSION: The wide heterogeneity in terminology used to describe the grades of
accreta placentation and differences in study design limits the evaluation of the accuracy
of ultrasound imaging in the screening and diagnosis of placenta accreta. This review
emphasizes the need for further prospective studies using a standardized evidence-
based approach including a systematic correlation between ultrasound signs of
placenta accreta and detailed clinical and pathologic examinations at delivery.

Key words: accreta, accreta placentation, increta, percreta, placenta, ultrasound
imaging, villous myometrial invasion
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ACCRETA INCRETA PERCRETA
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Myometrial thinning/Loss of clear space

Take care with excessive probe pressure

Heterogenous Placenta with Lacunae

Placental Lacunae can 
create a thick placenta

Lacunae: direct maternal jets via arcuate/radial 
arteries (no spiral arteries to slow speed) 

Arcuate/radial artery Doppler signals 
in or adjacent to lacunae

Bladder “Bulge” = Myometrial Dehiscence 

► Fill the bladder (essential)

► Get perpendicular

► Examine bladder line

► That is not clear space
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Power Doppler: velocity-independent identification of 
low-flow neo-vascularization

Power Doppler 

Bladder Involvement: Rare
Can present with haematuria

Trans-vaginal scan: Empty-ish bladder

Measure the cervix
Assess for cervical/posterior involvement

Trans-vaginal Color Doppler

Take Home Messages
u Look for:

u Placenta praevia

u Myometrial thinning < 1mm
u Placenta bulging into bladder

u Placental lacunae

u Pulsatile lacunae flow 
u Increased bladder vascularity

u Loss of hypo-echoic "clear space”
u Loss of hyper-echoic bladder line

u Overt invasion (usually bladder)

u Tips/Tricks:
u Always be aware of risk factors, 

without knowledge of them your 
diagnostic accuracy halves

u FILL THE BLADDER!

u Get perpendicular to the area of 
interest

u Utilize both grayscale and 
colour/power Doppler

u Beware of artifact and pushing too 
hard

u 1st trimester diagnosis should be our 
aim

u Scar dehiscence can happen 
throughout pregnancy

u Always get a 2nd opinion if you’re 
not sure
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Thank you from the 
Invasive Placenta Team!

LIVE SCAN: 
Suspected Placenta Accreta 
Spectrum Disorder
SEBASTIAN HOBSON & JOHN KINGDOM

MANY THANKS TO OUR GENEROUS PATIENT & HER BABY


