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Background. The disease burden and incidence of placenta accreta are increasing worldwide. The morbidity and mortality
associated with undiagnosed placenta accreta are both high, highlighting the important of early diagnosis and intervention. In
recent years, increasing studies are exploring the diagnostic value of magnetic resonance imaging (MRI) for placenta accreta.
Compared with traditional ultrasound, MRI has the advantages of high-resolution, multiangle imaging, and less influence by
amniotic fluid and intestinal gas. However, the reported diagnostic accuracy among studies was inconsistent. Therefore, this
study is aimed at exploring the diagnostic value of MRI for placenta accreta by systematic review and meta-analysis. Methods.
Relevant literature were systematically searched in PubMed, Ovid, Embase, ScienceDirect database, CNKI, and Wanfang
database by using medical subject headings and relevant diagnostic terminologies such as sensitivity, specificity, likelihood
ratio, receiver-operating characteristic curve, and area under the curve. The sensitivity, specificity, positive likelihood ratio,
negative likelihood ratio, and area under the curve of the included literature were analyzed using stata 17.0 software.
Publication bias of the included studies was assessed by Deek’s funnel plot. Cochrane Q statistics and I2 statistics were used to
test the heterogeneity. Results. A total of 10 primary publications, comprising 4 retrospective studies and 6 prospective studies,
were included in this meta-analysis. The gestational weeks of pregnant women ranged from 32 to 35 weeks, and the sample
size ranged from 37 cases to 575 cases. Only 4 studies used the blind method in the process of clinical diagnosis by MRI. The
combined sensitivity, specificity, and area of curve under summary receiver-operating characteristic for the diagnosis of
placenta accreta by MRI were 0.88 (95% CI, 0.79-0.93), 0.79 (95% CI, 0.68-0.87), and 0.91 (95% CI, 0.88.-0.93),
respectively. The combined positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio, and diagnostic score
were 4.17 (95% CI, 2.62-6.66), 0.16 (95% CI, 0.09-0.29), 26.61 (95% CI, 10.22-69.28), and 3.28 (95% CI, 2.32-4.24), respectively.
No publication bias was noted. Conclusion. Diagnosis of placenta accreta by MRI has good accuracy and predictive value that
warrants clinical promotion.

1. Introduction

Placenta accreta spectrum (PAS) refers to the abnormal
attachment of placental trophoblasts to the uterine myome-
trium that can be further divided into placenta accreta, pla-
centa increta, and placenta perforata based on the depth of
invasion of the myometrium [1, 2]. Risk factors for PAS
mainly include advanced maternal age, cesarean section,
scarred uterus, placenta previa diagnosed before delivery,
uterine lesions, and assisted reproductive technology. The
primary pathophysiological mechanism of placenta accreta

may be related to a specific or a combination of factors, such
as basal decidua loss, abnormal local oxygen tension, exces-
sive trophoblast invasion, and abnormal vascular remodel-
ing [3, 4]. With the increase in abortion and cesarean
section rates, the incidence of placenta accreta has shown
an increasing trend worldwide. A recent multicenter Chinese
population-based study showed that the incidence of pla-
centa accreta in China had increased from 0.03% in 1980
to 2.2% in 2022, which was higher than in the coastal areas
than that in inland areas. Furthermore, the prevalence in
developed regions was higher than that in underdeveloped
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areas in central and western China [5]. Studies have shown
that the perinatal mortality of placenta accreta is about 7%
[6], while about 50-60% of placenta accreta is not diagnosed
before delivery [7, 8]. Due to the increasing disease burden,
early diagnosis of placenta accreta is essential for decreasing
maternal mortality or morbidity.

Doppler ultrasound is currently the primary imaging
technique for diagnosing placenta accreta thanks to its non-
invasiveness, economic advantage, and wide availability.
However, its diagnostic yield for placenta accreta is
adversely influenced by amniotic fluid, intestinal gas, and
placental position [8]. In recent years, magnetic resonance
imaging (MRI) has been increasingly adopted in the diagno-
sis of prenatal placental implantation in the realization of its
advantages of high-resolution, multiangle imaging, and lim-
ited influence by amniotic fluid and intestinal gas [6]. Previ-
ous Chinese and English literature have reported the
diagnostic accuracy of MRI for placenta accreta with incon-
sistent sensitivity and specificity. Therefore, a meta-analysis
can obtain a more reliable conclusion by systematically
combining the indicators of diagnostic accuracy of included
studies. Thus, the purpose of this study is to assess the clin-
ical value of MRI for the diagnosis of placenta accreta by
systematic review and meta-analysis of published diagnostic
studies.

2. Methods

2.1. Retrieval Strategy. In this study, the following Medical
Subject Headings (MeSH) were used in PubMed, Ovid,
Embase, ScienceDirect databases, CNKI, and Wanfang data-
bases, respectively, from inception to April 2022: (“placenta
accreta” OR “Accreta, placenta” OR “placenta increta” OR
“placenta percreta”) AND (“MRI”, “magnetic resonance
imaging”) AND (“diagnosis” OR “diagnostic accuracy” OR
“sensitivity” OR “specificity”). The database was supple-
mented and improved by screening other relevant unpub-
lished literature, meeting notes, and contacting experts in
relevant clinical fields. The literature screening process is
shown in Figure 1 per the PRISMA guideline.

2.2. Inclusion and Exclusion Criteria. Retrieved publications
were subject to the inclusion and exclusion criteria estab-
lished below. Inclusion criteria are (1) MRI was used to assist
in the diagnosis of placenta accreta in pregnant women with
a history of cesarean section or placenta previa; (2) the sam-
ple size should be at least 8 cases per group; (3) indicators of
true positive (TP), false positive (FP), false negative (FN),
and true negative (TN) required for the combined effect
value could be calculated directly or indirectly according to
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Figure 1: PRISMA flowchart of literature screening.
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the data of the original study; and (4) the diagnosis of pla-
centa accreta was established by histopathological analysis.

Exclusion criteria are (1) academic review, academic
conference, review, and case report; (2) the data provided
by the article was not enough to calculate the diagnostic
accuracy; (3) withdrawn articles; (4) the research content
was irrelevant to this study; and (5) publications with study
population overlap.

2.3. Documentation and Evaluation. The following data were
extracted from the included studies two independent
researchers: author, publication time, study design (prospec-
tive or retrospective), demographic characteristics of the
study population (gestational age), sample size, TP, FP, FN,
TN, sensitivity, specificity, and the diagnostic gold standard.
Discrepancies between the 2 investigators were settled by
discussion or consulting with a third investigator. The meth-
odological quality and risk bias of the included studies were
assessed by the Quality Assessment of Diagnostic Accuracy

Studies (QUADAS), which assessed a total of 14 items
phrased as questions that evaluated the disease spectrum,
the interpretability of the examination results, whether the
blind method was used in the implementation of the trial,
the use of the gold standard, the disease progress, the evalu-
ation bias, the combined bias, and the rationality of the
included cases.

2.4. Statistical Methods. In this study, STATA17.0 (MP) was
used for statistical calculation. The relevant diagnostic accu-
racy indicators, including sensitivity, specificity, diagnostic
odds ratio (DOR), negative likelihood ratio, and positive
likelihood ratio, were pooled. The summary receiver-
operating characteristic (SROC) curves were used to calcu-
late the area under the curve (AUC) of the combined model.
The heterogeneity among the included studies was quanti-
fied using the Cochrane Q statistics and I2 statistics. When
the I2 statistic exceeded 50%, the random-effect model based
on the Dersimonian-Laird method was used to merge the
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Figure 2: Sectional bar chart of literature quality evaluation summary by diagnostic experimental research quality evaluation scale tool.

Table 1: Characteristics of documents included in the analysis.

Included studies Mean gestational weeks Sample size TP FP FN TN Literature type
Whether the blind
method was used

Yan et al. (2022) [18] 33:3 ± 4:6 47 16 3 4 31 Prospective study No

Riteau et al. (2014) [17] 34 ± 4:7 42 16 25 5 25 Retrospective study Yes

Maher et al. (2014) [16] 32:4 ± 4:3 575 42 160 7 533 Prospective study No

Lopes et al. (2019) [15] 35:4 ± 1:1 37 16 28 1 21 Retrospective study Yes

Elhawary et al. (2013) [11] 33:1 ± 5:1 39 8 5 1 31 Prospective study No

Ding et al. (2021) [14] 32:92 ± 4:1 89 17 8 2 72 Prospective study Yes

Einerson et al. (2020) [13] 34:8 ± 4:1 68 44 10 23 24 Prospective study Yes

Ayati et al. (2017) [12] 32:1 ± 3:98 82 24 12 8 58 Retrospective study No

Zhang et al. (2021) [10] 34:51 ± 3:19 128 101 3 3 27 Prospective study Yes

Xiao et al. (2027) [9] 33:29 ± 5:72 150 58 18 2 92 Retrospective study No
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Figure 3: Combined sensitivity and specificity forest plot. (a) Combined sensitivity forest map. (b) Combined specificity forest plot.
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Figure 4: Summary receiver-operating characteristic and the area under the curve after combination.
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Figure 5: Forest plot for likelihood ratio after combination (LR+, LR-).
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diagnostic accuracy indicators when the I2 statistic >50%.
Otherwise, the Mantel-Haenszel’s fixed-effect model was
used. Publication bias of the included studies was assessed
by Deek’s funnel plot. All hypothesis tests were statistically
significant with two-sided P < 0:05.

3. Results

3.1. Search Results. A total of 421 relevant literature were
generated through the systematic search. After screening
according to the inclusion/exclusion criteria, a total of 10
publications [9–18] were included in this meta-analysis,
including 4 retrospective studies and 6 prospective studies.
The gestational weeks of pregnant women ranged from 32
to 35 weeks, and the sample size ranged from 37 cases to
575 cases. Among the 10 publications, only 4 studies used
a blind method in the process of clinical diagnosis with
MRI. The characteristics of the included studies are shown
in Table 1.

3.2. Literature Quality Evaluation. The MIDAS command in
STATA 17.0 MP was used to draw a segmented bar chart
containing the evaluation criteria of each QUADAS [19].
As shown in Figure 2, the overall quality of the included lit-
erature was high. Most of the included literature described
the gold standard used, the diagnostic criteria for placenta
accreta, and the demographic characteristics and related risk
factors for study population. However, most studies included
a small sample size, and less than half of the studies used a
blind method in diagnosing placenta accreta using MRI.
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Figure 6: Forest plot for diagnostic odds ratio and diagnostic score after combination.
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3.3. Meta-Analysis of the Accuracy of MRI in Diagnosing
Placenta Accreta

3.3.1. Heterogeneity Analysis. The results indicated high het-
erogeneity (Q = 8:131, I2 = 75:95%), for which the random-
effects model was used to combine the effect sizes. In addi-
tion, the sensitivity, specificity, positive likelihood ratio, neg-
ative likelihood ratio, and I2 of the diagnostic odds ratio
were all >50%.

3.3.2. Combined Effect Analysis. The pooled sensitivity, spec-
ificity, and AUC were 0.88 (95% CI: 0.79-0.93), 0.79 (95%
CI: 0.68-0.87), and 0.91 (95% CI, 0.88.-0.93), respectively.
The combined diagnostic odds ratio, positive likelihood
ratio, negative likelihood ratio, and diagnostic score were
26.61 (95% CI, 10.22-69.28), 4.17 (95% CI, 2.62-6.66), 0.16
(95% CI, 0.09-0.29), and 3.28 (95% CI, 2.32-4.24), respec-
tively (Figures 3–6). The scatter plot of the likelihood ratios
showed that the pooled estimates with 95% confidence inter-

val were located in the lower right quadrant, suggesting that
the combined accuracy of MRI for diagnosing placenta
accreta was poor (Figure 7).

3.3.3. Fagan Nomogram Analysis. A 50% predicted probabil-
ity was assessed to simulate a clinical situation, resulting in a
posttest probability of 81% for a positive test result, while the
negative likelihood ratio was 0.16, and the negative posttest
probability was 14% (Figure 8).

3.4. Publication Bias. The Deek funnel plot (Figure 9)
showed a slope coefficient of 0.611, indicating that there
was no publication bias in the included studies.

4. Discussion

This study showed that MRI has good accuracy in diagnos-
ing placenta accreta. Depending on the degree of myometrial
invasion [20], placenta accreta is associated with life-
threatening complications that include maternal bleeding,
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uterine perforation, or even death [21, 22]. Studies have
shown that placenta accreta accounted for roughly 1/3 to
1/2 of postpartum emergency hysterectomy [20]. Common
risk factors for placenta accreta include advanced maternal
age (≥35 years), assisted reproductive technology [6, 23],
placenta previa, history of uterine injury, Asherman’s syn-
drome, abnormal uterine anatomy, or uterine pathological
status (such as bicornate uterus, adenomyosis, and submu-
cosal myoma) [21]. An apparent dose-response relationship
between the frequency of cesarean section and the incidence
of placenta accreta has also been noted, as exemplified by
the fact that the risk of placenta accreta at the first cesarean
section is only 3% [24], which increases to an astonishing
40-67% at 3rd to fifth cesarean section [25]. Epidemiological
studies showed accompanying cesarean section rate increase
in China [26], and the incidence of placenta accreta had also
increased from 0.25/1000 in 1970 [27] to 0.79/1000 in 2003
[28] and 1/533 in 2015 [29]. Although ultrasound [30] is the
preferred imaging method for the clinical diagnosis of sus-
pected placental implantation, Aitken et al. have shown that
MRI has obvious advantages over ultrasound in predicting
the depth of placental implantation and invasion of the sur-
rounding tissue [31]. Furthermore, Bakri et al. [32] and
Thorp et al. [33] also suggested that even though ultrasound
diagnosis had the advantages of economy and convenience
that supports its utility as the mainstream diagnostic tech-
nique for placental implantation in the future, MRI has
superior diagnostic performance for pathologies of the pos-
terior placenta, thanks to its higher resolution and multian-
gle imaging of soft tissue that can clearly depict the adjacent

anatomical position and vascular distribution during pla-
centa implantation. In addition, MRI can provide more ref-
erence information for cesarean section that helps to reduce
the risk of intraoperative bleeding. Thus, MRI can still be
used as an auxiliary diagnostic method even when ultra-
sound has clearly diagnosed placenta accreta [34, 35]. How-
ever, the imaging signs of placenta accreta by MRI also
partially coincide with those of normal pregnant women,
such as thinning of the myometrium, uneven signals in the
placenta, and blurring of the placenta myometrium junc-
tion. The respiratory movement of the fetus and pregnant
women may also cause artifact interference to the image
quality, which greatly increases the false negative or false
positive results of MRI interpretation. Some researchers
believe that MRI suffers from several safety and ethical
problems, such as long scanning time, annoying scanning
noise, and heavy abdominal coil. Therefore, ultrasound is
still recommended as the first-line imaging modality for pla-
centa implantation [36].

This study suffers from several limitations. First, most of
the included studies did not report the risk factors and base-
line characteristics of placenta accreta before the study. Most
of the study population was not randomized, which might
introduce bias to the present meta-analysis. Second, there
was no unified imaging standard for the diagnosis of pla-
centa accreta by MRI. The interpretations of MRI images
may be subject to the reader’s experience, which may explain
the differences in the sensitivity and specificity of placenta
accreta diagnosis by MRI reported. Third, this study
excluded publications published in languages other than
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English and Chinese, which may introduce bias on the true
diagnostic value of MRI for placenta accreta. However, we
believe that this bias should be relatively small since no pub-
lication bias was observed in this study. At last, the fact that
less than 4 studies were available for each country rendered
subgroup analysis at the regional level difficult. Regional dif-
ferences was considered to be the most likely source of het-
erogeneity among studies.

5. Conclusion

This study showed that MRI had good diagnostic accuracy
for diagnosing prenatal placenta accreta. However, due to
insufficient evidence for the economic benefit between ultra-
sound and MRI and considerable differences in imaging
diagnostic criteria, it is still recommended to take ultrasound
as the first-line imaging modality for placenta accreta. None-
theless, MRI as an auxiliary imaging modality can still sup-
plement clinical useful information.
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