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A B S T R AC T
Objective To assess systematically the performance of
prenatal magnetic resonance imaging (MRI) in diagnosing the presence, degree and topography of disorders of
invasive placentation and to explore the role of the different MRI signs in predicting these disorders. The diagnostic
accuracy of ultrasound and MRI in the detection of invasive placentation was also compared.
Methods MEDLINE, EMBASE, CINAHL and The
Cochrane Library, including The Cochrane Database of
Systematic Reviews, Database of Abstracts of Reviews of
Effects and The Cochrane Central Register of Controlled
Trials, were searched electronically utilizing combinations of the relevant medical subject heading terms,
keywords and word variants for ‘invasive placentation’
and ‘magnetic resonance imaging’. Only prospective
studies reporting a diagnosis of invasive placentation at
the time of MRI and retrospective studies in which the
radiologist was blinded to the final results were included
in the analysis. The MRI signs explored were: uterine
bulging, heterogeneous signal intensity, dark intraplacental bands on T2 weighted sequences, focal interruption
of the myometrium and tenting of the bladder. Summary
estimates of sensitivity, specificity, positive and negative
likelihood ratios (LR+, LR–) and diagnostic odds ratio
(DOR) were based, depending on the number of studies,
upon DerSimonian–Laird random-effect or hierarchical
summary receiver–operating characteristics models.
Results A total of 18 studies involving 1010 pregnancies
at risk for invasive placentation were included. The overall diagnostic accuracy of MRI in detecting the presence
of invasive placentation was: sensitivity, 94.4% (95% CI,
86.0–97.9%); specificity, 84.0% (95% CI, 76.0–89.8%);
LR+, 5.91 (95% CI, 3.73–9.39); LR–, 0.07 (95% CI,
0.02–0.18); DOR, 89.0 (95% CI, 22.8–348.1). MRI had

a high predictive accuracy in assessing both the depth
and topography of placental invasion. All five MRI signs
showed good predictive accuracy in the diagnosis of disorders of invasive placentation. There was no difference in
either the sensitivity (P = 0.24) or the specificity (P = 0.91)
between ultrasound and MRI for the detection of invasive
placentation.
Conclusions Prenatal MRI is highly accurate in diagnosing disorders of invasive placentation. Ultrasound
and MRI have comparable predictive accuracy. Large
population-based studies are needed in order to assess
whether ultrasound can predict the depth and topography
of placental invasion as reliably as can MRI. Copyright ©
2014 ISUOG. Published by John Wiley & Sons Ltd.

I N T RO D U C T I O N
Morbidly adherent placenta encompasses a spectrum
of conditions characterized by an abnormal adherence
of the placenta to the implantation site1 . The importance of antenatal detection of invasive placentation
relies on the fact that maternal morbidity has been
shown to decrease when these disorders are diagnosed
prenatally, as it allows pre-planned treatment of the
condition2 – 4 . Placenta previa and previous uterine
surgery represent two major risk factors for invasive
placentation, thus such pregnancies should be routinely
screened for adherent placentae, especially in the third
trimester of pregnancy.
Ultrasonography is usually employed as the primary
modality for antenatal diagnosis of invasive placenta,
while prenatal magnetic resonance imaging (MRI) is
reported to be complementary to ultrasound and may
help in diagnosing these disorders, especially in those
conditions for which ultrasound is inconclusive, or to
assess the depth and extent of invasion5,6 .
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SYSTEMATIC REVIEW

Identification of invasive placentation using MRI
The management of disorders of placental invasion
requires a multidisciplinary approach. Perioperative
internal iliac artery occlusion, performed using interventional radiology techniques, reduces intraoperative
blood loss and the need for transfusion during Cesarean
section7,8 . Similarly, an accurate knowledge of Sector 1
(uterine body), Sector 2 (lower uterine segment/cervix)
and lateral (parametrial) extension of placental invasion helps in tailoring the surgical approach9 . There is
evidence to suggest that the incidence of disorders of
invasive placentation is increasing. Although it is generally accepted that ultrasound constitutes a highly reliable
tool for diagnosing disorders of invasive placentation, it
is not entirely clear whether MRI improves the diagnostic
accuracy of ultrasound, nor which MRI signs should be
used to diagnose this condition10 .
The aims of this systematic review were first, to evaluate
the predictive accuracy of MRI as a test for the diagnosis
of invasive placental disorders; second, to assess the
predictive accuracy of MRI in assessing the depth and
topography of placental invasion; and third, to compare
the performance of ultrasound vs MRI in detecting the
presence of disorders of placental invasion. The diagnostic performance of different MRI signs in predicting
invasive placental disorders was also explored.

METHODS
Systematic review, data source and search strategy
This review was performed according to an a priori
designed protocol recommended for systematic reviews
and meta-analyses11 – 13 . MEDLINE, EMBASE, CINAHL
and The Cochrane Library, including The Cochrane
Database of Systematic Reviews, Database of Abstracts
of Reviews of Effects and The Cochrane Central Register
of Controlled Trials, were searched electronically on 24th
April 2013 and updated on 3rd September 2013, utilizing combinations of the relevant medical subject heading
(MeSH) terms, keywords, and word variants for ‘placenta
accreta’, ‘placenta increta’, ‘placenta percreta’, ‘ultrasound’, ‘magnetic resonance imaging (MRI)’ and ‘invasive
placenta’. The search and selection criteria were restricted
to the English language. Reference lists of relevant articles
and reviews were hand searched for additional reports.

9

studies reporting a diagnosis of invasive placentation at
the time of the examination and retrospective studies
in which radiologists were blinded to the pathological/surgical diagnosis, and studies for which the values of
true positive, false positive, true negative and false negative were available, were included in the analysis. In cases
in which the overall performance of MRI and the number
of imaging criteria used to diagnose invasive placentation
were not stated, the sign showing the best predictive value
was used as a surrogate for the final diagnosis.
For comparison of ultrasound with MRI, only studies in
which the two imaging techniques were carried out on the
same number of women, irrespective of the knowledge of
the ultrasound diagnosis, were considered suitable for the
analysis. A subanalysis restricted only to studies in which
radiologists were blinded both to the ultrasound findings
and to the final diagnosis was also performed.
The MRI signs included in this review were the ones
most commonly reported to be associated with invasive
placentation and comprise: uterine bulging, heterogeneous signal intensity in the placenta, dark intraplacental
bands on T2 weighted sequences, focal interruption of
the myometrium and tenting of the bladder14 .
Prospective and retrospective cohorts, case–control
studies, case reports and case series were analyzed. Opinions and studies carried out only in the first trimester of
pregnancy were excluded. Case reports and case series
with fewer than five cases and larger case series with a
lack of information on false negatives were also excluded
in order to avoid publication bias.

Data extraction
Two reviewers (F.D. and C.I.) independently extracted
data. Inconsistencies were discussed by the reviewers and
consensus reached. For those articles in which targeted
information was not reported but the methodology 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 the gold standard. Depth of invasion was categorized as no invasion, accreta, increta or percreta.
Topography of placental invasion was categorized as
invasion of Sector 1, Sector 2 or parametria9 .

Study selection
Studies were assessed according to the following criteria:
population, outcome, prenatal diagnosis of placenta
accreta by MRI and study design. For the purpose of
this study, invasive placentation was defined based on
histopathological diagnosis of trophoblastic invasion
through the myometrium or clinical assessment of abnormal adherence/evidence of gross placental invasion at
the time of surgery in the absence of histopathological
evidence.
For evaluation of the diagnostic performance of MRI in
detecting disorders of invasive placentation, the general
term ‘invasive placentation’ will refer to placenta accreta and its variants (increta/percreta). Only prospective
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Quality assessment
The quality of the studies was assessed using the revised
tool for the quality assessment of diagnostic accuracy
studies (QUADAS-2)15 . Each item was scored a ‘yes’ or
‘no’, or ‘unclear’ if there was insufficient information to
make an accurate judgment.

Statistical analysis
Summary estimates of sensitivity, specificity, positive and
negative likelihood ratios (LR + and LR–) and diagnostic
odds ratio (DOR) for the overall predictive accuracy of
MRI, different MRI signs and for comparison between

Ultrasound Obstet Gynecol 2014; 44: 8–16.

D’Antonio et al.

10
Potentially relevant citations identified by searching MEDLINE, EMBASE,
CINAHL and The Cochrane Library (since inception) including The
Cochrane Database of Systematic Reviews, Database of Abstracts of
Reviews of Effects and The Cochrane Central Register of Controlled
Trials, and by hand searching (n = 556)

Citations excluded based
on title or abstract (n = 512)

Citations retrieved for detailed evaluation of full manuscript
(n = 44)

Studies excluded because
they did not meet inclusion
criteria (n = 26)

Studies included in systematic review
(n = 18)

Figure 1 Flow-chart of papers considered for systematic review.

ultrasound and MRI were computed using the hierarchical summary receiver–operating characteristics (HSROC)
model16 . 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 studies17 . 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. Thus, for all meta-analyses in which
fewer than four study estimates could be pooled, the
DerSimonian–Laird random-effect model was used.
The DOR is defined as the ratio of the odds of the test
being positive if the subject has a disease, relative to the
odds of the test being positive if the subject does not have
the disease, i.e. LR+/LR– 18 .
Potential publication bias was formally assessed through
Egger’s regression asymmetry test and Begg’s adjusted
rank correlation test. Following specific indications for
meta-analyses of diagnostic accuracy, we correlated individual study sample sizes with both sensitivity and specificity as measures of test accuracy19 . Only meta-analyses
with more than five studies could be assessed, because
both tests are unreliable when the number of primary
studies is small17 .
Meta-Disc 1.4 (http://www.hrc.es/investigacion/meta
disc_en.htm) and Stata command metandi (Stata Corp.,
College Station, TX, USA; 2013) were used to analyze
the data20 .
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R E S U LT S
General characteristics of the studies
The search yielded 556 possible citations; of these, 512
were excluded by reviewing the title or the abstract.
Of the remaining 44 full-text manuscripts that were
retrieved, 26 studies were excluded because they did not
meet the inclusion criteria (Table S1), thus 18 studies
were finally included in the review (Figure 1). These 18
studies included 1010 pregnancies at risk for invasive placentation. A summary of the identified studies is shown
in Tables 1 and S2.
Quality assessment based on QUADAS-2 guidelines
was conducted on all 18 studies included for systematic
review (Figure 2). Most of the studies were of high quality
and there was a low risk of bias and low level of concern
regarding the applicability of the studies.
With regard to publication bias, neither Begg’s nor
Egger’s test showed significant P-values for any of the
outcomes considered. Although publication bias does
not seem to be significant in the present meta-analysis,
no method is currently validated to formally assess
publication bias in meta-analyses of diagnostic tests21 .
In several studies exploring the comparison between
MRI and ultrasound for the detection of disorders of
invasive placentation, MRI was carried out only on a
proportion of pregnancies referred for ultrasound. As
this was likely to affect the predictive accuracy of the test
itself, we did not include such studies in the comparison
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USA

USA

USA

Kim 200439

Lam 200240

Levine 199941
Prosp.

Retro.

Retro.

Retro.

Retro.

Prosp.
Retro.

Retro.

Retro.

Retro.

Prosp.

Retro.

Prosp.

Prosp.

Placenta previa ± previous uterine
surgery
Placenta previa ± advanced maternal
age ± multiparity ± previous
uterine surgery
Suspicion of invasive placentation
on US
Suspicion of invasive placentation
on US
Suspicion of invasive placentation
clinically or on US
Previous uterine surgery, placenta
previa or low lying and suspicion
of invasive placentation on US
US suspicion or risk factors for
invasive placentation
Placenta previa ± previous uterine
surgery
Previous uterine surgery ± third
trimester bleeding, uterine fibroids
US suspicion of invasive
placentation, inconclusive US
Clinical or US suspicion of invasive
placentation
Placenta previa and previous CS
US or clinical suspicion of invasive
placentation
US or clinical suspicion of invasive
placentation
US suspicion of invasive
placentation, inconclusive US
Previous uterine surgery ± US
suspicion of invasive placentation
US suspicion of invasive
placentation ± previous uterine
surgery ± placenta previa or low
lying
Previous CS or uterine
surgery ± placenta previa

Inclusion criteria

Pathology/surgery

< 30 weeks

3rd trimester

2nd –3rd trimester

3rd trimester

2nd –3rd trimester

3rd trimester

2nd –3rd trimester
N/S

3rd trimester

3rd trimester†

2nd –3rd trimester

3rd trimester

Pathology/surgery/
clinical findings

Pathology

Pathology/surgery

Pathology

Pathology/surgery
Pathology/clinical
findings
Pathology/surgery

Pathology/surgery

Pathology/surgery

Pathology

Surgery

Surgery

Surgery

3rd trimester

2nd –3rd trimester

Pathology/surgery

Pathology/surgery

Surgery

Pathology

Reference
standard

3rd trimester

3rd trimester

3rd trimester

3rd trimester

GA at scan

1.5 T

1.5 T

1.5 T

1.5 T

1.5 T

1.5 T
1.5 T

1.5 T

1.5 T

1.5 T

1.5 T

1.5 T

1.0 T

1.5 T

1.5 T

1.5 T

1.5 T

1.5 T

Field
strength

No

Yes‡

No

Yes

No

N/S
No

No

No

No

No

No

No

No

No

No

No

No

Contrast
material

18

9

5

40

20

50
32

7

17

13

35

40

28

572

25

20

39

40

Pregnancies
(n)

6

5

3

26

10

12
15

6

4

9

15

26

11

559

12

7

8

20

Invasive
placentae (n)

*Additional data added to the original publication. †Mean gestational age at magnetic resonance imaging. ‡Not used in two patients. ±, with or without; CS, Cesarean section; GA, Gestational age;
N/S, not stated; Prosp., prospective; Retro., retrospective; US, ultrasound.

USA

Warshack 200638

Alamo 201330

Turkey

Peker 201324
Prosp.

Country

First author

Study
design

Table 1 General characteristics of studies included in systematic review
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QUADAS-2 Domain

Flow and timing
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Index test

Patient selection

0
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40
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0

20
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100

Proportion of studies (%)

Proportion of studies (%)

Figure 2 Studies included in review according to quality assessment of diagnostic accuracy studies (QUADAS-2) criteria: proportion of
studies with low ( ), high ( ) or unclear( ) risk of bias (a) or concerns regarding applicability (b).

between the two techniques. In most of the studies assessing the diagnostic performance of MRI, the radiologists
were not blinded to the ultrasound findings. Although
this can affect the actual diagnostic accuracy of MRI, it is
less relevant in clinical practice, in which MRI scans are
often read with knowledge of ultrasound findings.

Diagnostic accuracy
Presence, depth and topography of placental invasion
The overall diagnostic accuracy of MRI in diagnosing disorders of invasive placentation was as follows:
sensitivity, 94.4% (95% CI, 86.0–97.9%); specificity,
84.0% (95% CI, 76.0–89.8%); LR+, 5.91 (95% CI,
3.73–9.39); LR–, 0.07 (95% CI, 0.02–0.18); DOR,
89.0 (95% CI, 22.8–348.1). MRI had a high predictive
accuracy in assessing both depth and topography of
placental invasion, with a sensitivity of 92.9% (95% CI,
72.8–99.5%) and 99.6% (95% CI, 98.4–100%) and a
specificity of 97.6% (95% CI, 87.1–99.9%) and 95.0%
(95% CI, 83.1–99.4%), respectively (Table 2, Figure 3).
These results did not change even when we restricted the
studies only to those in which MRI was performed in all
cases with previous Cesarean section and a low anterior
placenta.
MRI signs
All five MRI signs analyzed in this systematic review
showed good predictive accuracy in the diagnosis of
disorders of invasive placentation. Focal interruption of
the myometrium and the presence of dark intraplacental
bands on T2 weighted sequences showed the best sensitivity, while tenting of the bladder and uterine bulging
had the best specificity (Table 3).
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MRI vs ultrasound
MRI and ultrasound had a similar diagnostic performance
in detecting the presence of disorders of invasive placentation (MRI: sensitivity, 90.2% (95% CI, 81.3–95.1%);
specificity, 88.2% (95% CI, 76.7–94.4%); LR+, 7.63
(95% CI, 3.63–16.1); LR–, 0.11 (95% CI, 0.05–0.23);
DOR, 68.8 (95% CI, 19.7–239.8). Ultrasound: sensitivity, 85.7% (95% CI, 77.2–91.4%); specificity,
88.6% (95% CI, 73.0–95.7%); LR+, 7.52 (95% CI,
2.92–19.4); LR–, 0.16 (95% CI, 0.10–0.27); DOR,
46.5 (95% CI, 13.4–161.0)). There were only four
studies in which MRI and ultrasound were carried
out on the same at-risk population and in which the
radiologists reading the scans were blinded to both
the ultrasound findings and the final diagnosis22 – 25 .
When stratifying the analysis only on these studies MRI
showed a sensitivity of 92.9% (95% CI, 82.4–97.3%),
a specificity of 93.5% (95% CI, 82.2–97.8%), LR + of
14.22 (95% CI, 4.92–41.1), LR– of 0.08 (95% CI,
0.03–0.20) and DOR of 186.0 (95% CI, 40.0–864.5).
Ultrasound showed a sensitivity of 87.8% (95% CI,
75.8–94.3%), specificity of 96.3% (95% CI, 74.4–
99.6%), LR + of 24.0 (95% CI, 2.81–205.0), LR– of
0.13 (95% CI, 0.06–0.27) and DOR of 189.2 (95% CI,
15.8–2269) (Table 2, Figure 4).
There was no significant difference in either the sensitivity (P = 0.24) or the specificity (P = 0.91) between ultrasound and MRI for the detection of invasive placentation.
It was not possible to perform a meta-analysis for comparison of the diagnostic accuracy of ultrasound vs MRI in
assessing the depth and topography of placental invasion
because there was only one study for which the different
data of diagnostic performance could be extracted22 .
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Table 2 Summary estimates of sensitivity, specificity, positive and negative likelihood ratios (LR+, LR–) and diagnostic odds ratio (DOR) of
magnetic resonance imaging (MRI) for detection of presence, degree and topography of placental invasion and for comparison between MRI
and ultrasound (US) for detection of invasive placentation

Parameter
MRI
Detection of invasive
placentation
Depth of placental
invasion
Topography of
placental invasion
Direct comparison, MRI vs US
All studies
MRI

Studies
(n)

Total
sample (n)

18*

1010

3†

62

2†

428

8*

255

US
Only studies with
blinding‡
MRI

4*

Sensitivity (%) Specificity (%)
(95% CI)
(95% CI)

DOR
(95% CI)

LR+
(95% CI)

LR–
(95% CI)

94.4
(86.0–97.9)
92.9
(72.8–99.5)
99.6
(98.4–100)

84.0
(76.0–89.8)
97.6
(87.1–99.9)
95.0
(83.1–99.4)

89.0
(22.8–348.1)
44.2
(1.95–1001)
803
(9.0–71 411)

5.91
(3.73–9.39)
6.24
(0.43–89.7)
15.8
(4.74–52.6)

0.07
(0.02–0.18)
0.18
(0.06–0.54)
0.02
(0.0–1.37)

90.2
(81.3–95.1)
85.7
(77.2–91.4)

88.2
(76.7–94.4)
88.6
(73.0–95.7)

68.8
(19.7–239.8)
46.5
(13.4–161.0)

7.63
(3.63–16.1)
7.52
(2.92–19.4)

0.11
(0.05–0.23)
0.16
(0.10–0.27)

92.9
(82.4–97.3)
87.8
(75.8–94.3)

93.5
(82.2–97.8)
96.3
(74.4–99.6)

186.0
(40.0–864.5)
189.2
(15.8–2269)

14.22
(4.92–41.1)
24.0
(2.81–205.0)

0.08
(0.03–0.20)
0.13
(0.06–0.27)

164

US

*Computations based on hierarchical summary receiver–operating characteristics model. †Computations based on DerSimonian–Laird
random-effect model. ‡Studies in which radiologist was blinded to both US findings and final diagnosis.
1.0

Sensitivity

0.8

0.6

0.4

0.2

0
1.0

0.8

0.6
0.4
Specificity

0.2

0

Figure 3 Hierarchical summary receiver–operating characteristics
(HSROC) curve of diagnostic performance of magnetic resonance
imaging. Curves from HSROC model contain a summary operating
point ( ) representing summarized sensitivity and specificity point
, 95% CI.
estimates for individual study estimates.

DISCUSSION
The findings of this review show that prenatal MRI
is highly accurate at detecting the presence, depth and
topography of placental invasion. All the recorded MRI
signs show an optimal diagnostic performance in identifying pregnancies with invasive placentation. MRI and
ultrasound do not significantly differ in their ability to
detect the presence of invasive placentation, although

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.

the difference between the two techniques with regard
to assessment of the depth and topography of placental
invasion requires further evaluation.
Ultrasound represents the primary tool in evaluating
women at risk for disorders of invasive placentation,
while MRI is usually carried out when ultrasound is not
conclusive. We report the diagnostic accuracy of MRI
in detecting these disorders, but more importantly, we
provide data on the diagnostic performance of MRI in
assessing the depth and topography of placental invasion, especially the latter having a significant role when
planning hysterectomy.
The predictive accuracy of different MRI signs is also
reported. However, assessment of individual signs should
be viewed with caution. In fact, observation of one sign is
likely to increase the chances of detecting others, since the
signs are not looked for in isolation. Finally we report that
ultrasound and MRI are equally accurate in diagnosing
the presence of these disorders, but the performance of
ultrasound in delineating the depth and topography of
placental invasion as compared with MRI needs further
evaluation in the future.
The prevalence of invasive placentation in the cohort
under review was nearly 75%, which suggests that this
group of women was highly selected. Therefore, the diagnostic accuracy of MRI is difficult to ascertain. It might
be argued that women not suspected of having an invasive placental disorder on ultrasound would not undergo
MRI. Although prevalence does not influence sensitivity
or specificity, the wide confidence intervals of the DOR
(22.8–348) indicate the degree of uncertainty of the performance of MRI.
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Table 3 Summary estimates of sensitivity, specificity, positive and negative likelihood ratios (LR+, LR–) and diagnostic odds ratio (DOR) of
different magnetic resonance imaging (MRI) signs for the detection of invasive placentation
Studies
(n)

Total
sample (n)

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

DOR
(95% CI)

LR +
(95% CI)

LR–
(95% CI)

Uterine bulging

5*

119

Heterogeneous signal
intensity
Dark intraplacental bands
on T2-weighted MRI
Focal interruption of
myometrium
Tenting of bladder

6*

143

6*

146

4*

119

2†

74

79.1
(60.3–90.4)
78.6
(57.7–90.8)
87.9
(70.9–95.6)
92.0
(79.2–97.2)
80.0
(28.0–99.5)

90.2
(76.2–96.4)
87.7
(50.4–98.0)
71.9
(55.6–84.0)
75.6
(50.4–90.4)
98.6
(92.2–100)

34.8
(7.46–162.4)
26.2
(3.85–177.8)
18.6
(4.12–83.8)
35.5
(5.03–250.9)
119
(9.9–1436)

8.06
(2.93–22.2)
6.38
(1.22–33.5)
3.13
(1.76–5.56)
3.77
(1.54–9.23)
31.5
(5.9–168)

0.23
(0.11–22.2)
0.24
(0.12–0.52)
0.17
(0.06–0.48)
0.11
(0.03–0.35)
0.28
(0.07–1.09)

MRI sign

*Computations based on hierarchical summary receiver–operating characteristics model. †Computations based on DerSimonian–Laird
random-effect model.

0.8

0.8

0.6

0.6

Sensitivity

(b) 1.0

Sensitivity

(a) 1.0

0.4

0.2

0.4

0.2

0

0
1.0

0.8

0.6

0.4

0.2

0

Specificity

1.0

0.8

0.6
0.4
Specificity

0.2

0

Figure 4 Hierarchical summary receiver–operating characteristics (HSROC) curves of diagnostic performance of studies comparing
magnetic resonance imaging (a) and ultrasound (b). Curves from HSROC model contain a summary operating point ( ) representing
, 95% CI.
summarized sensitivity and specificity point estimates for individual study estimates.

The heterogeneity in study design, populations analyzed
and reference standards adopted among the different studies represents a major weakness of this meta-analysis. For
example, the prevalence of invasive placentation in the
study populations varied between 20% and 97%. For
several meta-analyses, the number of included studies was
small and some of these studies also had a small sample
size. In such situations, estimates of the variances of the
random effects are subject to a high level of uncertainty,
and caution is required when interpreting the results.
Further studies are warranted on the accuracy of MRI for
assessing the depth and topography of placental invasion.
A systematic review was published recently comparing
the predictive accuracy of ultrasound and MRI in detecting disorders of invasive placentation26 . In this review
the authors included 13 studies and reported a sensitivity
of 83% (95% CI, 77–88%) and a specificity of 95%
(95% CI, 93–96%), with a DOR of 63.41 (95% CI,
29.04–138.48) for ultrasound and a sensitivity of 82%
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(95% CI, 72–90%) and a specificity of 88% (95% CI,
81–94%), with a DOR of 22.95 (95% CI, 3.19–165.11)
for MRI. The authors did not find a significant difference
between the summary ROC curves of ultrasound and
those of MRI, and concluded that the diagnostic accuracy
of the two techniques is similar.
A comparison of the diagnostic performance of ultrasound and MRI would require the use of MRI as a
primary tool on a population at risk, or alternatively,
that MRI scans are examined without knowledge of the
ultrasound and pathological/surgical findings. Furthermore, the two techniques should be applied to the same
population. In several studies, MRI was carried out only
on a proportion of the population screened by ultrasound.
This finding is likely to introduce a bias when calculating
the diagnostic performance of a test. Knowledge of a
positive ultrasound report might discourage a radiologist
to label an MRI scan as negative, thus potentially reducing
the specificity of the technique. The authors compared the
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predictive accuracy of ultrasound and MRI by including
all the studies in which MRI and ultrasound were carried
out irrespective of the population analyzed in each study.
Furthermore, they did not consider whether MRI scans
were read without the knowledge of ultrasound and
pathological/surgical findings.
In the current systematic review, we explore the diagnostic performance of MRI in assessing the depth and
topography of placental invasion. This highlights the fact
that although ultrasound is accurate for diagnosing the
presence of invasive placentation, only MRI can delineate
its topography, which is particularly important when
hysterectomy is planned. Furthermore, we provide data
on the diagnostic performance of the most commonly
used MRI signs.
Ultrasound is usually employed as the primary tool in
screening patients at risk for disorders of invasive placentation and it has been shown to have a high predictive
accuracy. However, further assessment may be required
in order to plan the surgical approach and to counsel
women about the risk of potential morbidities occurring
during surgery, once invasive placenta is suspected on
ultrasound and a resection procedure is planned.
Although pathological classification of the degree of placental invasion is commonly used for defining disorders
of invasive placentation, it may be less important when
planning surgery. For example, the difference between
accreta and increta is irrelevant in practice. Ultrasound
has recently been shown to provide an accurate detection
of the depth of placental invasion, but there are no large
studies exploring its role in assessing the topography of
invasion27,28 . Knowledge of the lateral extent of placental
invasion may help surgeons in tailoring the management by providing information about potential technical
difficulties at operation, such as the need for specific
hemostatic methods and to avoid damage to the ureters5 .
MRI has been reported to reliably provide information
about parametrial invasion and uterine vascular areas.
However, lateral (parametrial) extension appears to be
uncommon, being reported in 16% in this series.
It is possible to predict the performance of MRI for
the detection of invasive placentation in a group with
a lower prevalence. We have previously argued that the
most likely prevalence of invasive placentation in women
with a history of previous Cesarean section and a low
anterior placenta is about 20%. In that group, using the
sensitivity and specificity reported in this meta-analysis,
the positive predictive value and false-negative rate of
MRI are likely to be 60% and 1.7%, respectively.
We have previously reported that ultrasound can
reliably diagnose disorders of invasive placentation10 .
However, most of the studies included in that and the
current systematic review showed a high heterogeneity in
the diagnostic performance of these two techniques. This
was most probably due to variations in the populations
analyzed, experience of the operators, number of imaging
signs used to label an examination as positive and choice
of reference standard.
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Future studies to assess the real accuracy of MRI and
ultrasound in diagnosing disorders of invasive placentation should be planned in a large well-defined population.
One such group is women with low anterior placenta
with previous Cesarean section for whom both MRI and
ultrasound are performed prospectively and reported
independently of each other. Furthermore, the predictive
accuracy of the commonly adopted and newly described
MRI signs should be tested in the same population in
order to ascertain which imaging criteria, alone or in combination, can more reliably diagnose these disorders42 .
In conclusion, prenatal MRI is highly accurate in diagnosing disorders of invasive placentation, and all the
commonly reported signs show an overall good predictive
accuracy in the detection of these disorders. Although
there is no difference between ultrasound and MRI in
diagnosing these conditions, MRI should be considered
in order to assess the depth and topography of placental
invasion if hysterectomy is planned and lateral invasion
is suspected at ultrasound. This can help in tailoring the
surgical approach and in predicting perioperative complications. Large population-based studies are needed in
order to assess whether ultrasound can reliably predict the
depth and topography of placental invasion as accurately
as can MRI.
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