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Abstract

Introduction. Our objective was to elucidate the overall diagnostic accuracy of
ultrasound in detecting the severity of abnormally invasive placentation (AIP).
Material and methods. Medline, Embase, CINAHL and The Cochrane databases
were searched. The ultrasound signs explored were: loss of hypoechoic (clear)
zone in the placental-uterine interface, placental lacunae, bladder wall
interruption, myometrial thinning, focal exophitic mass, placental lacunar flow,
subplacental vascularity, and uterovesical hypervascularity. Results. Twenty
studies (3209 pregnancies) were included. Ultrasound had an overall good
diagnostic accuracy in identifying the depth of placental invasion with
sensitivities of 90.6%, 93.0%, 89.5%, and 81.2% for placenta accreta, increta,
accreta/increta, and percreta, respectively; the corresponding specificities were
97.1%, 98.4%, 94.7%, and 98.9%. Placental lacunae had sensitivities of 74.8%,
88.6%, and 76.3% for the detection of placenta accreta, increta, and percreta,
respectively. Sensitivity and specificity of loss of the clear zone in identifying
placenta accreta were 74.9% and 92.0%, whereas the corresponding figures for
placenta increta and percreta were 91.6% and 76.9%, and 88.1% and 71.1%.
Lacunar flow had sensitivities of 81.2%, 84.3%, and 45.2% for the detection of
placenta accreta, increta, and percreta respectively; the corresponding figures
for specificity were 84.0%, 79.7%, and 75.3%. Sensitivity of uterovesical
hypervascularity was low for the detection of placenta accreta (12.3%) but high
for placenta increta (94.4%) and percreta (86.2%); the corresponding figures
for  specificity were  90.8%, 88.0% and  88.2%,  respectively.
Conclusions. Ultrasound has an overall good diagnostic accuracy in recognizing
the depth and the topography of placental invasion.

Abbreviations: AIP, abnormally invasive placenta; CS, cesarean section; DOR,
diagnostic odds ratio; HSROC, hierarchical summary receiver characteristics
curve; OR, odds ratio.
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Ultrasound and severity of AIP

Introduction

Abnormally invasive placentation (AIP) encompasses a
spectrum of conditions characterized by an abnormal
adherence and invasion of the placenta to the implanta-
tion site (1-3). Accurate prenatal diagnosis of AIP is fun-
damental because it has been shown to reduce the burden
of maternal and fetal morbidity associated with this con-
dition, such as severe hemorrhage, need for blood trans-
fusion, peripartum hysterectomy and intraoperative and
postoperative complications, especially by allowing imple-
mentation of preplanned management strategies (4).

Prenatal diagnosis of AIP is commonly accomplished
by ultrasound during the second and third trimesters of
pregnancy and has been shown to have an overall good
diagnostic accuracy in women at risk, such as those with
placenta previa and previous cesarean section (CS), espe-
cially when a combination of maternal characteristics and
imaging signs are integrated into an individualized diag-
nostic algorithm (5-8).

Intra- and post-surgical outcomes of women affected
by AIP are directly related to the depth and topography
of placental invasion with cases affected by placenta perc-
reta and/or showing parametrial invasion being at the
highest risk of morbidity (1,2). However, the actual per-
formance of ultrasound in detecting the severity of pla-
cental uterine invasion remains elusive. Furthermore,
although several ultrasound signs have been reported to
be associated with AIP, the strength of association and
the predictive accuracy of each ultrasound sign suggestive
of AIP and the severity of placental invasion still remain
unclear.

We have previously shown that ultrasound has an
overall good diagnostic accuracy in detecting AIP (7).
The aim of this systematic review was to elucidate the
overall diagnostic accuracy of prenatal ultrasound in
detecting the severity of placental invasion in women at
risk; the secondary aim was to explore the strength of
association and the predictive accuracy of each ultrasound
sign suggestive of AIP in identifying the type of placental
invasion.

Material and methods

This review was performed according to an a priori
designed protocol recommended for systematic reviews
and meta-analysis (9-11). Medline, Embase, CINAHL,
and The Cochrane Library including The Cochrane Data-
base of Systematic Reviews (CDSR), Database of Abstracts
of Reviews of Effects (DARE), and The Cochrane Central
Register of Controlled Trials (CENTRAL) were searched
electronically on 23 February 2017 using combinations of
the relevant medical subject heading (MeSH) terms, key
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words, and word variants for “Abnormal invasive pla-
centa” “morbidly adherent placenta” and “ultrasound”
(see Supplementary material, Table S1). The search and
selection criteria were restricted to English language. Ref-
erence lists of relevant articles and reviews were hand
searched for additional reports. Prisma and STARD
guidelines were followed (12,13). The study was registered
with the PROSPERO database (Registration number:
CRD42017069636).

The primary outcome measure of the present system-
atic review was the diagnostic accuracy of ultrasound in
recognizing the severity of AIP, defined by the depth and
topography of placental invasion. For the depth of pla-
cental invasion, the reference standard was histopatholog-
ical examination of the removed uterus (14). Placenta
accreta was diagnosed when anchoring placental villi were
attached to myometrium rather than decidua, but with-
out completely invading it; placenta increta was diag-
nosed when chorionic villi penetrate the myometrium,
and placenta percreta when chorionic villi penetrated
through the myometrium to the uterine serosa or adja-
cent organs (14). For the assessment of the topography of
placental invasion, we adopted the anatomical classifica-
tion of AIP proposed by Palacios-Jaraquemada et al. (15).
According to such classification, anterior placental inva-
sion is divided into two sectors delimited by a plane per-
pendicular to the upper bladder axis, and the uterine
sector bordering; the upper posterior bladder wall is
called S1, and the uterine sector adjacent to the lower
posterior wall is called S2 (Figure 1). From an anatomical
perspective, S1 invasion refers to an invasion situated in
the uterine body while S2 described invasion that is
mainly located in the lower uterine segment or below it.
Reference standard was the topography of invasion
observed at surgery (15).

The secondary outcomes investigated were the strength
of association between each ultrasound sign of AIP and
the depth of placental uterine invasion and their individ-
ual predictive accuracy in detecting such invasion.

The ultrasound signs explored in the present systematic
review were differentiated into those identified on gray
scale and those on color Doppler ultrasound (16).

Gray-scale ultrasound signs of AIP were:

Key Message

Ultrasound has an overall good diagnostic accuracy
in recognizing the depth and the topography of pla-
cental invasion.
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Superior

Figure 1. Anatomical representation of topographic classification of
morbidly adherent placenta. Anterior placental invasion is divided into
two sectors, delimited by a plane perpendicular to upper bladder axis.
Upper posterior bladder wall is labeled as S1 and uterine sector
adjacent to lower posterior wall as S2.

1. Loss of clear zone, defined as a loss, or irregularity, of
hypoechoic plane in myometrium underneath placen-
tal bed (‘clear zone’)

2. Placental lacunae, defined as the presence of numerous
lacunae, often containing turbulent flow visible on
gray-scale imaging

3. Bladder wall interruption, defined as loss or interrup-
tion of bright bladder wall (hyperechoic band or ‘line’
between uterine serosa and bladder lumen)

4. Myometrial thinning, defined as thinning of myome-
trium overlying placenta to <1 mm or undetectable

5. Focal exophytic mass, defined as placental tissue seen
breaking through uterine serosa and extending beyond
it; most often seen inside filled urinary bladder.

Color Doppler signs of AIP were:

1. Placental lacunar flow, defined as the presence of color
Doppler signal within placental lacunae. Furthermore,
lacunar flow was divided into diffuse and focal lacunar
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flow patterns. Diffuse lacunar flow was defined as a
pattern exhibiting diffusely dilated vascular channels
scattered throughout the whole placenta and the sur-
rounding myometrial or cervical tissues, while focal
lacunar flow was defined as a color Doppler pattern
showing irregular sonolucent vascular lakes with tur-
bulent lacunar flow distributed regionally or focally
within the intraparenchymal placental area.

2. Subplacental vascularity, defined as striking amount of
color Doppler signal seen behind the placental bed.

3. Uterovesical hypervascularity, defined as striking
amount of color Doppler signal seen between myome-
trium and posterior wall of bladder, including vessels
appearing to extend from placenta, across myome-
trium and beyond serosa into bladder or other organs;
often running perpendicular to myometrium.

Studies were assessed according to the following criteria:
population, prenatal diagnosis of AIP on ultrasound,
depth of placental invasion, and study design. Only stud-
ies reporting the diagnostic accuracy of ultrasound and
different ultrasound signs in detecting the severity of pla-
cental invasion based on histopathological diagnosis were
considered eligible for inclusion in the present systematic
review. Studies reporting exclusively a clinical diagnosis
of AIP, such as difficulty or delay in placental detachment
after delivery and those not differentiating among the
severity of invasion were excluded. Studies reporting
exclusively the prenatal diagnosis of AIP after first-trime-
ster or second-trimester abortion as well as those report-
ing the prevalence of a given ultrasound sign only in
cases affected by AIP were also excluded. Prospective and
retrospective cohorts, case—control studies, and case series
were analyzed. Opinions and studies carried out only in
the second and/or third trimester of pregnancy were
excluded. Case reports were also excluded in order to
avoid publication bias. Studies published before 2000
were excluded, as we considered that advances in prenatal
imaging techniques and improvements in the diagnosis
and definition of AIP make these less relevant.

Two reviewers (FDA, GP) independently extracted
data. Inconsistencies were discussed among the reviewers
and consensus was reached. For those articles in which
targeted information was not reported but the methodol-
ogy was such that the information might have been
recorded initially, the authors were contacted requesting
the data. Histopathological findings and/or surgical notes
were used as a reference standard. Quality of studies was
assessed using the revised tool for the quality assessment
of diagnostic accuracy studies (QUADAS-2) (17). Each
item was scored a “yes”, “no”, or “unclear” if there was
insufficient information to make an accurate judgment
(17).
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We evaluated the predictive accuracy of prenatal ultra-
sound for the detection of four degrees of placental inva-
sion: placenta accreta, increta, percreta, and a
combination of placenta accreta and increta. We evalu-
ated the association between each of the above four out-
comes and: (i) an abnormal overall prenatal ultrasound
index; (ii) each of the 10 prenatal ultrasound signs
included in the index: placental lacunae; loss of the clear
zone; myometrial thinning; exophytic mass in the blad-
der; bladder wall interruption; overall placental lacunar
flow; diffuse placental lacunar flow; focal placental lacu-
nar flow; subplacental vascularity; and uterovesical hyper-
vascularity. We therefore performed 11*4 = 44 separate
meta-analyses, the unit of which were single comparisons
of subjects with an abnormal (exposed group) vs. normal
(unexposed group) ultrasound sign to predict each of the
four outcomes.

For each meta-analysis, we first computed summary
estimates of sensitivity, specificity, positive and negative
likelihood ratios (LR+ and LR—), and diagnostic odds
ratio (DOR) using the hierarchical summary receiver-
operating characteristics (HSROC) model (18-20). Rutter
and Gatsonis HSROC parameterization was used because
it models functions of sensitivity and specificity to define
a summary ROC curve, and its hierarchical modeling
strategy can be used for comparisons of test accuracy
when there is variability in threshold between studies
(18-20). However, when the number of studies is small,
the uncertainty associated with the estimation of the
shape parameter could be very high, and models may fail
to converge. Hence, for all meta-analyses in which less
than four study estimates could be pooled, the DerSimo-
nian—Laird random-effect model was used.

Some of the meta-analyses included observational case—
control studies reporting zero events in one or both the
compared groups, and unbalanced exposed and unex-
posed groups. In these cases, the best performing meth-
ods are the Mantel-Haenszel odds ratio without zero-cell
continuity corrections, logistic regression and an exact
method (21-23). Mantel-Haenszel odds ratios cannot be
computed in studies reporting zero events in both groups,
but their exclusion may cause a relevant loss of informa-
tion and the potential inflation of the magnitude of the
pooled exposure effect (21-23). Therefore, to keep all
studies in the analyses, we performed all such meta-ana-
lyses using individual data random-effect logistic regres-
sion, with single study as the cluster unit. The pooled
data sets with individual data were reconstructed using
published 2 x 2 tables. In one meta-analysis, one of the
overall pooled arms showed no events, and we had to use
exact logistic regression. If a meta-analysis included only
one study in the comparison, the related odds ratio was
computed from the raw data of the single study.

G. Pagani et al.

We finally performed meta-analyses of proportions to
estimate the pooled rates of placenta accreta, increta, perc-
reta, and accretatincreta of women with and without each
of the 10 ultrasound signs, respectively. Proportion meta-
analyses were performed using a random-effect model to
account for the inter-study heterogeneity. When only one
study was available, no proportion meta-analysis was car-
ried out. Tests for funnel plot asymmetry were not used
when the total number of publications included for each
outcome was <10. In this case, the power of the tests was
too low to distinguish chance from real asymmetry. Stata
command metandi (Stata Corp. College Station, TX: 2013)
and MEera-Disc 1.4 (Unit of Clinical Biostatistic team of
the Ramoén y Cajal Hospital of Madrid, Madrid, Spain)
were used to analyze the data. (24,25).

Results

A total of 1018 articles were identified. After screening
the abstracts, 107 full text articles were assessed with
respect to their eligibility for inclusion (see Supplemen-
tary material, Table S2) and 20 studies were included in
the systematic review (Table 1, Figure 2) (26-45). These
20 studies included 3209 pregnancies at risk for AIP,
mainly because of the presence of placenta previa and
previous CS or uterine surgery. Out of these 407 (12.7%,
95% CI 11.6-13.9) had AIP. The occurrences of placenta
accreta, increta and percreta were 37.8% (95% CI 33.1-
42.7), 32.2% (95% CI 27.7-37.0), and 30.0% (95% CI
25.6-34.7), respectively. General characteristics of the
studies included in the present systematic review are
reported in Table 1. Most of the included studies were
retrospective series, with different gestational ages at
assessment and type of ultrasound signs explored
(Table 1). Quality assessment based on QUADAS-2
guidelines is shown in Figure 3. Most of the studies were
of high quality, and there was a low risk of bias and low
concern regarding the applicability of the studies.

Seven studies including 721 women at risk for AIP
explored the diagnostic performance of ultrasound in
detecting the severity of placental invasion based on
histopathology. Ultrasound had an overall good diagnos-
tic accuracy in identifying the depth of placental invasion
with sensitivities of 90.6% (95% CI 80.7-96.5), 93.0%
(95% CI 80.9-98.5), 89.5% (95% CI 73.2-96.3), and
81.2% (95% CI 51.8-94.6) for placenta accreta, increta,
accreta/increta, and percreta, respectively; the correspond-
ing figures for specificity were 97.1% (95% CI 95.4-98.3),
98.4 (95% CI 97.0-99.2), 94.7 (95% CI 91.0-96.9), and
98.9 (95% CI 95.0-100). Diagnostic accuracy of ultra-
sound in detecting the depth of placental invasion is
shown in Table 2 and Figure 4. Only two studies (30,39)
explored the role of ultrasound in identifying the
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Table 1. Continued

Gestational age

Period

AIP (n)

Cases (n)

US signs explored

at scan (weeks)

Study design analyzed Inclusion criteria

Country

Year

Author

Placental lacunae, loss of the clear zone, 21

9 (28-33)

Placenta previa and previous
CS or uterine surgery

2002-05

Retrospective

Malaysia

2007

Japarai

bladder wall interruption, focal exophitic
mass, uterovesical hypervascularity,

subplacental hypervascularity

Placental lacunae

23

51

111l trimester

Placenta previa and previous

(@

1996-2004

Retrospective

South Korea

2006

Yang

15

2002

Placental lacunae, loss of the clear zone,

bladder wall interruption

111l trimester

Placenta previa and previous
CS or uterine surgery

1990-2002

Prospective

2004  United States

Comstock

63

Placental lacunae, myometrial thinning

NS

Placenta previa or low lying

2000  United States  Prospective NS

Twickler

and previous CS or uterine

surgery

17

80

30.5 (16-36) Placental lacunae, subplacental

Placenta previa +/— previous
CS or uterine surgery

1994-98

Retrospective

Taiwan

2000

Chou

hypervascularity, uterovesical

hypervascularity

G. Pagani et al.

topography of the invasion. Overall, ultrasound correctly
identified 93.4% (95% CI 64.7-100) of women with S1
and 90.3% (95% CI 80.7-97.4) of those with S2 invasion
confirmed at surgery.

Ultrasound signs of AIP

Gray-scale ultrasound. Nine studies explored the
strength of association between placental lacunae and the
severity of placental invasion. The presence of lacunae
was independently associated with placenta accreta, inc-
reta, and percreta (see Supplementary material, Table S3)
with OR of 7.8, 16.1, and 8.2 respectively. When translat-
ing these findings into figures of diagnostic accuracy,
placental lacunae had sensitivities of 74.8% (95% CI
55.4-87.6), 88.6% (95% CI 55.3-98.0), and 76.3% (95%
CI 42.2-93.4) for the detection of placenta accreta, inc-
reta, and percreta respectively, whereas the corresponding
figures for specificity were 87.9% (95% CI 52.6-97.9),
77.4% (95% CI 46.8-93.0), and 74.0% (95% CI 45.0—
90.9). DOR of placental lacunae in the detection of the
depth of placental invasion was 18.3, 27.7, and 9.2 for
placenta accreta, increta, and percreta. The prevalence of
the different types of AIP in women with and without
placental lacunae on ultrasound is reported in the Supple-
mentary material (Table S4).

Ten studies explored the strength of association and
the predictive accuracy of the loss of the clear zone in
recognizing the depth of placental invasion. Loss of the
clear zone was associated with a higher risk of placenta
accreta, increta, and percreta, with OR of 23.8, 20.8, and
13.0 respectively. Sensitivity and specificity of loss of the
clear zone in identifying placenta accreta were 74.9%
(95% CI 33.5-94.6) and 92.0% (95% CI 68.8-98.3),
whereas the corresponding figures for placenta increta
and percreta were 91.6% (95% CI 59.9-98.8) and 76.9%
(95% CI 45.4-93.0), and 88.1% (95% CI 64.7-96.8) and
71.1% (95% CI 42.2-89.2) (Tables 3-6; see Supplemen-
tary material, Tables S3, S4).

Only three studies explored the association between
myometrial thinning and different types of AIP. The pres-
ence of an abnormal myometrial thickness, defined as
<1 mm, was associated with a higher risk of every type of
AIP. Sensitivity and specificity were 100% (95% CI 31.0—
100) and 85.0% (95% CI 72.9-92.5) for placenta accreta,
100% (95% CI 47.8-100) and 74.3% (95% CI 62.4-84.0) for
placenta increta and 85.7% (95% CI 57.2-98.2) and 76.0%
(95% CI 66.4-84.0) for placenta percreta (Tables 3—-6).

The presence of a focal exophitic mass extending into
the bladder was analyzed only for cases with placenta
percreta and was explored only by one study, thus pre-
cluding a pooled data synthesis. Focal exophitic mass had
sensitivity of 16.7% (95% CI 0.42-64.2), a specificity of
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Figure 2. Systematic review flowchart. [Color figure can be viewed at wileyonlinelibrary.com].
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Figure 3. QUADAS-2 assessment of the studies included in the systematic review. [Color figure can be viewed at wileyonlinelibrary.com].

100% (95% CI 88.6-100), and a DOR of 21.0 (95% CI
0.76-583) in detecting placenta percreta (41).

Finally, seven studies explored the strength of associa-
tion and predictive accuracy of bladder wall abnormalities
in identifying the severity of AIP (see Supplementary
material, Tables S3, S4). The presence of any abnormality
at the bladder—uterine interface, such as loss or interrup-
tion of bright bladder wall, was significantly associated

© 2017 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica

with placenta accreta, increta, and percreta, with OR of
5.3, 27.6, and 77.6, respectively. Abnormalities of the
bladder wall had a sensitivity, a specificity, and a DOR of
17.0% (95% CI 0.06-85.8), 96.8% (95% CI 86.0-99.3),
and 6.13 (0.13-294.1) in identifying cases with placenta
accreta. The diagnostic performance progressively
increased in terms of sensitivity for the detection of pla-
centa increta (46.1%, 95% CI 11.0-85.5) and percreta
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Table 2. Summary estimates of sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR—) and diagnostic odds ratio (DOR) of

ultrasound to detect each degree of placental invasion.

No.of studies  Sensitivity Specificity

(sample) % (95% Cl) % (95% Cl) DOR (95% Cl) LR+ (95% Cl) LR— (95% Cl)
Placenta accreta 6 (681) 90.6 (80.7-96.5) 97.1 (95.4-98.3) 193 (72.5-514) 23.6 (14.9-34.3) 0.15 (0.08-0.30)
Placenta increta 5 (660) 93.0 (80.9-98.5) 98.4 (97.0-99.2) 503 (137-1846) 37.5(19.2-73.4) 0.14 (0.04-0.49)
Placenta accreta/increta 7(721) 89.5 (73.2-96.3) 94.7 (91.0-96.9) 151 (38.9-582) 16.8 (9.48-29.6) 0.11 (0.04-0.31)
Placenta percreta 7 (721) 81.2 (51.8-94.6) 98.9 (95.0-100) 399 (54.5-2928) 75.8 (16.0-359) 0.19 (0.06-0.59)

Computations were based upon hierarchical summary receiver operating characteristic (HSROC) model.

(62.0%, 95% CI 23.2-89.8); the corresponding figures for
specificity were 97.3% (95% CI 91.0-99.3) and 97.5%
(95% CI 90.9-99.4).

Color Doppler ultrasound. Five studies explored the
diagnostic performance of lacunar flow in identifying the
severity of placental invasion. The presence of lacunar
flow in women at risk of AIP was significantly associated
with the occurrence of placenta accreta (OR 21.6), increta
(OR 20.4), and percreta (OR 2.51). Lacunar flow had sen-
sitivities of 81.2% (95% CI 57.2-93.3), 84.3% (95% CI
50.8-96.5), and 45.2% (95% CI 27.3-64.0) for the detec-
tion of placenta accreta, increta, and percreta respectively;
the corresponding figures for specificity were 84.0% (95%
CI 65.4-93.6), 79.7% (95% CI 57.4-91.9), and 75.3%
(95% CI 69.8-80.2). Diagnostic accuracy of diffuse and
overall lacunar flow in identifying the severity of AIP is
shown in Tables 3—6.

Three studies explored the diagnostic accuracy of sub-
placental hypervascularity, defined as striking amount of
color Doppler signal seen in placental bed. Subplacental
hypervascularity had a low sensitivity in detecting placenta
accreta (40.7%, 95% CI 22.4-61.2), increta (17.4%, 95% CI
5.0-38.8), and percreta (40.0%, 95% CI 12.2-73.8), while
specificity was 95.5% (95% CI 91.3-98.0), 93.8% (95% CI
88.8-97.0), and 92.5% (95% CI 85.1-96.9), respectively.

Finally, seven studies explored the predictive accuracy
of uterovesical hypervascularity in detecting the severity
of AIP. Uterovesical hypervascularity was significantly
associated with placenta accreta (OR 4.6), increta (OR
32.4) and percreta (OR 48.9). Sensitivity was low for the
detection of placenta accreta (12.3%, 95% CI 2.59-100)
but high for placenta increta (94.4%, 95% CI 29.2-100)
and percreta (86.2%, 95% CI 60.0-96.3); the correspond-
ing figures for specificity were 90.8% (95% CI 75.2-97.0),
88.0% (95% CI 72.8-95.3), and 88.2% (95% CI 71.9—
95.6), respectively.

Discussion

The findings from this systematic review showed that
ultrasound has an overall good diagnostic accuracy in

recognizing the depth and the topography of placental
invasion. Among the different ultrasound signs of AIP,
myometrial thinning, bladder wall interruption, and
uterovesical hypervascularity were those associated with
the most severe types of AIP, such as placenta percreta,
and showed an overall good predictive accuracy.

The small number of included studies, their retrospec-
tive design, heterogeneity in ultrasound signs explored,
and gestational ages at assessment represent the main
limitations of the present systematic review. Further-
more, the large majority of studies exploring the predic-
tive accuracy of ultrasound in detecting AIP did not
report the diagnostic performance of ultrasound in
detecting the topography of placental invasion according
to the classification system provided by Palacios-Jaraque-
mada et al. (15). Knowledge of the exact topography of
placental invasion is fundamental in planning the man-
agement of AIP, especially when a procedure such as
hysterectomy is planned. Assessment of the topography
of placental invasion has been initially reported using
fetal MRI and only recently using ultrasound, which
explains the very small number of studies exploring this
parameter.

Gestational age at assessment is another important
issue. Although the majority of included cases were
assessed in the third trimester of pregnancy, lack of infor-
mation of the precise gestational age at scan precluded
stratification of the analysis according to the time at
assessment. This is fundamental, because AIP is a pro-
gressive condition and it may be entirely possible that the
ultrasound appearance of the different ultrasound signs of
AIP can change/evolve though gestation.

The risk of AIP is directly related to the number of
previous CS and models integrating pregnancy character-
istics and ultrasound signs have been shown to predict
AIP more accurately than imaging alone, although such
studies did not explore the performance of these models
in identifying the severity of placental invasion (8). In the
present systematic review, we could not stratify the analy-
sis according to the number of previous CS or other
maternal characteristics, in view of the lack of individual
data.

8 © 2017 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica
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Table 3. Summary estimates of sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR—) and diagnostic odds ratio (DOR) of

each ultrasound sign to predict a diagnosis of placenta accreta.

No. of  Sensitivity Specificity
Ultrasound sign studies % (95% Cl) % (95% Cl) DOR (95% Cl) LR+ (95% Cl) —(95% CI)
1. Placental lacunae Al 74.8 (55.4-87.6) 87.9(52.6-97.9) 18.3(2.02-165.8) 5.37(1.19-24.15)  0.29 (0.13-0.65)
2. Loss of clear zone gt 74.9 (33.5-94.6) 92.0 (688-98.3) 34.1(2.22-254.8)  9.33(1.72-50.70)  0.27 (0.07-1.08)
3. Myometrial thinning 1* 100 (31.0-100) 85.0(72.9-92.5) 37.9(1.81-796) 6.61 (3.65-12.2)
4. Focal exophitic mass - - - - - -
5. Bladder wall interruption 6 17.0 (0.06-85.8) 96.8 (86.0-99.3) 6.13(0.13-294.1)  5.26 (0.19-145.9)  0.86 (0.48-1.54)
6. Lacunar flow (overall) 5t 81.2 (57.2-93.3) 84.0(65.4-93.6) 22.8(8.35-62.2) 5.09 (2.40-10.8) 0.22 (0.09-0.53)
7. Diffuse lacunar flow 3* 33.3(16.5-54.0) 91.5(86.4-95.2) 5.29(0.82-34.2) 3.32 (0.86-12.8) 0.72 (0.38-1.36)
8. Focal lacunar flow 2% 65.0 (40.8-84.6) 90.2 (84.5-90.3) 21.0(2.70-163) 7.93 (1.85-33.9) 0.42 (0.23-0.75)
9. Subplacental vascularity 3* 40.7 (22.4-61.2)  95.5(91.3-98.0) 11.9 (3.30-43.1) 7.01 (2.50-19.6) 0.68 (0.49-0.96)
10. Uterovesical hypervascularity 4t 12.3 (2.59-100) 90.8 (75.2-97.0)  4.99 (0.25-101) 2.53(0.33-19.3) 0.65 (0.29-1.50)

Depending on the number of studies, computations were based upon DerSimonian-Laird random-effect (*) or hierarchical summary receiver oper-

ating characteristic (HSROC) model (f).

Table 4. Summary estimates of sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR—) and diagnostic odds ratio (DOR) of

each ultrasound sign to predict a diagnosis of placenta increta.

No. of  Sensitivity Specificity

Ultrasound sign studies % (95% Cl) % (95% Cl) DOR (95% Cl) LR+ (95% ClI) —(95% Cl)

1. Placental lacunae Al 88.6 (55.3-98.0) 77.4 (46.8-93.0) 26.7 (2.76-257.8) 3.92 (1.35-11.39)  0.15 (0.03-0.77)
2. Loss of clear zone gt 91.6 (59.9-98.8) 76.9 (45.4-93.0) 36.3(6.26-210.7) 3.97 (1.47-10.7) 0.11 (0.02-0.59)
3. Myometrial thinning 2% 100 (47.8-100) 74.3 (62.4-84.0) 6.04 (0.32-112) 2.19(0.46-10.2) 0.36 (0.05-2.51)
4. Focal exophitic mass - - - -

5. Bladder wall interruption 6 46.1 (11.0-85.5) 97.3(91.0-99.3) 31.3 (8 09-120.9) 17.3(7.13-42.1) 0.55 (0.23-1.32)
6. Lacunar flow (overall) 47 84.3 (50.8-96.5) 79.7 (57.4-91.9) 21.0(5.28-83.8) 4.15 (1.98-8.67) 0.20 (0.05-0.71)
7. Diffuse lacunar flow 2% 43.5(23.2-65.5) 94.0 (89.6-97.4) 15.6 (1.82-133) 10.3 (1.02-105) 0.61 (0.43-0.87)
8. Focal lacunar flow 2% 60.9 (38.5-80.3) 90.6 (85.0-94.7) 14.2 (5.19-38.8) 6.18 (3.40-11.2) 0.44 (0.27-0.74)
9. Subplacental vascularity 2% 17.4 (5.0-38.8) 93.8 (88.8-97.0)  2.81 (0.80-9.90) 2.48 (0.85-7.25) 0.89 (0.74-1.08)
10. Uterovesical hypervascularity 57 94.4 (29.2-100) 88.0 (72.8-95.3) 124 (5.90-2624) 7.88 (3.72-16.7) 0.06 (0.00-1.93)

Depending on the number of studies, computations were based upon DerSimonian-Laird random effect (*) or hierarchical summary receiver oper-

ating characteristic (HSROC) model ().

Finally, the number of ultrasound criteria used to diag-
nose the different type of AIP were not specified in the
majority of the included studies.

Despite these limitations, the present systematic review
represents the most comprehensive assessment of the
diagnostic accuracy of ultrasound in detecting the severity
of invasion in women affected by AIP.

The increased incidence of CS rate in developed coun-
tries has made AIP a relatively common anomaly, under-
lying the need for an accurate prenatal diagnosis. Prenatal
diagnosis of AIP has been shown to significantly reduce
the burden of intra- and post-surgical complications asso-
ciated with this anomaly, allowing a preplanned manage-
ment of the condition (4). Although ultrasound can
accurately predict AIP, its diagnostic performance in rec-
ognizing the severity of invasion has still to be ascer-
tained. Severe types of AIP, such as placenta percreta, are
associated with a higher risk of adverse maternal out-
comes, such as severe hemorrhage, need for transfusion,

bladder injuries, and admission to intensive care unit. It
is therefore desirable to identify those women at higher
risk of placenta percreta so as to plan an appropriate sur-
gical management (1,2). The data from the present review
showed that ultrasound has an overall good accuracy in
identifying women affected by placenta percreta with a
sensitivity of 81.2% (95% CI 51.8-94.6) and a specificity
of 98.9% (95% CI 95.0-100). Despite these encouraging
results, about 20% of women with placenta percreta
remain undiagnosed, which underscores the need to
develop more accurate prediction models for these severe
types of AIP.

Outcome of women affected by AIP is not only
affected by the depth but also by the extent of the inva-
sion. Assessing the precise topography of placental inva-
sion is challenging and has been initially reported only
using fetal MRI (15). Antenatal MRI has been reported
to provide an accurate anatomical description of the
area invaded by the placenta (6). This evaluation is

10 © 2017 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica
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Table 5. Summary estimates of sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR—) and diagnostic odds ratio (DOR) of

each ultrasound sign to predict a diagnosis of placenta accreta+increta.

No. of  Sensitivity Specificity

Ultrasound sign studies % (95% Cl) % (95% Cl) DOR (95% Cl) LR+ (95% Cl) —(95% CI)

1. Placental lacunae 9t 74.5 (58.5-85.8) 86.0 (59.9-96.2) 17.9 (3.00-107.2) 5.32 (1.46-19.29) 0.30 (0.15-0.56)
2. Loss of clear zone 107 79.6 (51.7-93.4) 86.4 (64.8-95.7) 24.8 (5.65-108.7) 5.86 (2.11-16.25) 0.24 (0.09-0.63)
3. Myometrial thinning 3* 54.2 (32.8-74.4) 74.4(64.2-73.1) 3.73(0.21-65.1) 1.89 (0.51-6.96) 0.51 (0.06-4.42)
4. Focal exophitic mass - - - -

5. Bladder wall interruption 7" 298(5.13-76.8) 98.4 (90 7-99.8) 26.8 (1.60-449.2) 19.13 (1.78-205.31) 0.71 (0.39-1.32)
6. Lacunar flow (overall) 5F 82.0 (60.6-93.1) 94.4 (72.6-99.1) 76.9 (20.5-288) 14.6 (2.92-73.3) 0.19 (0.08-0.43)
7. Diffuse lacunar flow 3* 38.0 (24.7-52.8) 96.8 (92.6-98.9) 13.3 (4.72-37.4) 7.67 (3.24-18.1) 0.67 (0.44-0.99)
8. Focal lacunar flow 2% 62.8 (46.7-67.0) 98.6 (94.9-99.8) 79.8 (19.6-325) 29.8 (8.56-104) 0.38 (0.26-0.56)
9. Subplacental vascularity 3* 9.3(5.7-14.2) 70.0 (55.4.8-82.1) 24.8 (11.0-56.1) 1.22 (1.02-1.44) 0.34 (0.20-0.61)
10. Uterovesical hypervascularity 7t 59.1 (10.8-94.5) 87.2 (73.4-94.4) 9.86 (0.73-133) 462 (1.31-16.3) 0.47 (0.11-2.03)

Depending on the number of studies, computations were based upon DerSimonian-Laird random-effect (*) or hierarchical summary receiver

operating characteristic (HSROC) model (7).

Table 6. Summary estimates of sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR—) and diagnostic odds ratio (DOR) of

each ultrasound sign to predict a diagnosis of placenta percreta.

No. of  Sensitivity Specificity

Ultrasound sign studies % (95% Cl) % (95% Cl) DOR (95% ClI) LR+ (95% ClI) — (95% Cl)

1. Placental lacunae af 76.3 (42.2-93.4) 74.0 (45.0-90.9) 2 (1.10-76.3) 2.94 (1.02-8.41) 0.32 (0.09-1.10)
2. Loss of clear zone 9f 88.1(64.7-96.8) 71.1(42.2-89.2) 18 2 (3.61-92.08) 3.04 (1.32-7.03) 0.17 (0.05-0.55)
3. Myometrial thinning 3* 85.7 (57.2-98.2) 76.0 (66.4-84.0) 8.99 (0.90-89.5) 2.81 (0.88-9.01) 0.33 (0.09-1.16)
4. Focal exophitic mass 1* 16.7 (0.42-64.2) 100 (88.6-100) 21.0 (0.76-583) — 0.83 (0.58-1.19)
5. Bladder wall interruption 77 62.0 (23.2-89.8) 97.5(90.9-99.4) 63.9(7.80-523.3) 24.9(5.89-105.64) 0.39 (0.14-1.11)
6. Lacunar flow (overall) 3* 45.2 (27.3-64.0) 75.3(69.8-80.2) 2.27 (0.99-5.21) 1.67 (1.16-2.40) 0.83 (0.55-1.26)
7. Diffuse lacunar flow 1* 50.0 (18.7-81.3) 87.1(78.6-93.2) 6.75 (1.30-33.4) 3.88 (1.72-8.75) 0.57 (0.31-1.07)
8. Focal lacunar flow 1* 20.0 (2.52-55.6) 80.6 (71.2-88.1) 1.04 (0.10-5.88) 1.03 (0.28-3.82) 0.99 (0.72-1.37)
9. Subplacental vascularity 1* 40.0 (12.2-73.8) 92.5(85.1-96.9) 8.19 (1.33-44.0) 5.31 (1.88-15.1) 0.65 (0.39-1.08)
10. Uterovesical hypervascularity 6f 86.2 (60.0-96.3) 88.2 (71.9-95.6) 46.7 (8.31-263) 7.31(2.82-19.0) 0.16 (0.05-0.53)

Depending on the number of studies, computations were based upon DerSimonian—Laird random-effect (*) or hierarchical summary receiver oper-

ating characteristic (HSROC) model (7).

usually accomplished by obtaining sagittal images and
dividing the anterior placental invasion into two sectors
delimited by a plane perpendicular to the upper bladder
axis, and the uterine sector bordering; the upper poste-
rior bladder wall is called S1, and the uterine sector
adjacent to the lower posterior wall is called S2. The
importance of this classification system relies on the fact
that it can be used to tailor the optimal surgical
approach. In a recent large series including more than
500 cases of AIP studied with antenatal MRI, Palacios-
Jaraquemada et al. (15) demonstrated that although
MRI did not add any relevant information in terms of
diagnosis of AIP when compared with ultrasound, it
was able to clearly delineate the topography or extension
of the invasion, so allowing a choice ot be made
between the optimal preplanned surgical management.
In the present systematic review, assessment of the
topography of placental invasion was assessed only by a
small proportion of the included studies; overall

ultrasound could identify 93.4% and 90.3% of cases
with S1 and S2 invasion, respectively. These results are
encouraging and suggest that ultrasound can reliably
describe the topography of placental invasion, although
this requires confirmation in larger studies. However,
until more robust evidence is available, we think that in
women with an ultrasound diagnosis of AIP, MRI
should be considered to assess the precise topography of
placental invasion, especially when a resective procedure
such as hysterectomy is planned.

Assessment of individual ultrasound signs of AIP
should be viewed with caution. Observation of one sign
is likely to increase the chance of detecting others,
because the signs are not looked for in isolation. In the
present systematic review, color Doppler signs were more
predictive of severe types of AIP, although none of them
was specific for placenta percreta.

Recently, multiparametric prediction models integrat-
ing imaging signs and pregnancy characteristics, such as

© 2017 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 1
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the number of previous CS, have been shown to predict

AIP more accurately than imaging alone (8). However,
such models do not differentiate among the different
types of AIP and cannot be used in clinical practice to
estimate the risk of the most severe types of placental
invasion. Further large prospective studies integrating

pregnancy characteristics and imaging signs are needed to
construct accurate predictive models for different types of
placental invasion.
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association between selected ultrasound signs and degrees
of placental invasion.

Table S4. Pooled rates of: (a) placenta accreta; (b) pla-
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percreta in pregnancies with (left) and without (right)
each ultrasound sign. Data from single studies have been
combined using proportion meta-analysis (random-effect
model). For each outcome, the pooled rates were com-
puted only when more than one study could be included
in the corresponding meta-analysis.
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