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Comparison of Ultrasound and Magnetic Resonance Imaging findings in patients with

suspected placenta accreta spectrum at Chris Hani Baragwanath Academic Hospital.

Abstract

e Background: Placenta accreta spectrum (PAS) is a serious condition that is increasing
in prevalence with an increase in the caesarean section rate. This condition is
associated with significant haemorrhage. Accurate diagnosis and adequate surgical
planning are associated with favourable outcomes. Ultrasound and MRI are used in

prenatal diagnosis of this condition.

e Objectives: To compare ultrasound and MRI report findings with histopathology or
surgical findings in patients with suspected PAS at Chris Hani Baragwanath Academic
Hospital. To compare the diagnostic accuracy of PAS between the junior and senior (>5

years’ experience) radiologists’ MRI reports.

e Method: A retrospective comparison of 14 MRI and 18 ultrasound report findings of
patients with suspected PAS were compared with histopathologic or surgical report
findings. These imaging modalities' sensitivity, specificity, accuracy, true positive, true
negative, false negative and false positive values were determined. The accuracy,
sensitivity and specificity of MRI reports were determined based on radiologists’

experience.

e Results: Ultrasound correctly diagnosed PAS in 10/18(56%) of the patient reports. MRI
correctly diagnosed PAS in 6/14(43%) of reports. Ultrasound reports had sensitivity and
specificity of 90.9% and 28.6%, respectively, while MRI reports had sensitivity and
specificity of 20% and 75%, respectively. The senior radiologists correctly diagnosed
PAS in 3/7(42%) of reports, while junior radiologists correctly diagnosed PAS in
4/6(67.7%) of MRI reports.

e Conclusion: There was no statistically significant difference in the accuracy of
Ultrasound and MRI in diagnosing PAS. There was no statistically significant difference

in diagnosis of PAS between junior and senior radiologists.
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Introduction

Placenta accreta spectrum (PAS) is a complex disorder of placenta implantation due to
endometrium-myometrial interface damage with subsequent absent re-epithelialisation and
scarring resulting in an abnormally implanted and adherent placenta(l, 2). The abnormal
attachment of the placenta leads to difficulty in placenta delivery with associated complications

related to significant haemorrhage and, at times, a need for a hysterectomy (2).

Abnormal placenta attachment subtypes are classified according to the level of invasion at the
placenta-myometrium interface, referred to as placenta accreta when the placenta has
pathologically adhered to the superficial myometrium, placenta increta when there is an
invasion into the myometrium and placenta percreta when there is penetration through the
serosa with or without invasion of the surrounding pelvic or abdominal organs (3). The
International Federation of Gynecology and Obstetrics (FIGO) recommends the use of the term
“placenta accreta spectrum”(PAS) instead of the various subtypes individually. The term PAS

ensures standardised nomenclature and is inclusive of the various subtypes (1)

The majority of patients with PAS are asymptomatic and are diagnosed for the first time during
delivery(4). Previous caesarean section is the most common risk factor for PAS followed by
placenta previa(5). Placenta previa is a placental abnormality whereby the placenta partially or
completely obstructs the internal cervical os(6). Women with prior caesarean sections are nine
times more likely to present with PAS (5, 7). Other risk factors for PAS include previous uterine
surgery, advanced maternal age, multiparty, hypertension, smoking, uterine leiomyomas,

previous uterine irradiation, in vitro fertilisation and placenta previa(8, 9).

The reported incidence of PAS has increased in parallel to an increased global caesarean
section rate. Studies in the United States and the United Kingdom have reported an incidence
of PAS to be 3 in 1000 deliveries(10). Chris Hani Baragwanath Academic Hospital's caesarean
section rate has increased gradually with each passing year, from 39.8% in 2015 to 50% in
2019 (11).

Definitive management of PAS is a caesarean hysterectomy(12). Uterus-sparring conservative
options are available for women who would like to preserve fertility; however, this depends on
the availability of specialised surgical expertise and blood products(12). FIGO guidelines only
recommend uterine sparring options in high-resource settings (12). A multidisciplinary team
approach is recommended depending on the degree of adherence or invasion of the uterus(12).

The multidisciplinary team typically comprises (amongst others) of obstetricians, diagnostic
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radiologists, interventional radiologists, urologists and trauma surgeons. The involvement of a
multidisciplinary team is associated with better outcomes and fewer complications (5, 12, 13).
Prenatal diagnosis of PAS with imaging plays a vital role in the planning of surgery and the

appropriate involvement of the various members of the multidisciplinary team (13).

Ultrasound is the primary investigation of choice for preliminary diagnosis in patients at high risk
of PAS(9, 14). Magnetic resonance imaging (MRI) is recommended in patients with suspected
PAS when the placenta cannot be adequately assessed by ultrasound, such as in obese
patients, with multiple gestations, suspected extrauterine organ involvement and posterior
placenta position(14) (9) (10).

A systematic review of 13 studies by Meng et al. reported ultrasound to be more specific and
sensitive in comparison to MRI (15), whilst a systemic review by Dahmarde et al. made up of 17
studies reported MRI to be more specific and sensitive in comparison to ultrasound(16). The
only similar study in South Africa was a 2004 prospective study at King Edward VIII hospital,
Nelson R Mandela School of Medicine, Durban, KwaZulu Natal. The study reported ultrasound

to be more specific and sensitive than MRI in diagnosing PAS (14).

Aims and objectives.
This study aimed to describe our current prenatal detection of PAS and determine our institute’s
imaging accuracy in diagnosing PAS. This may improve prepartum radiological diagnosis and
motivate for appropriate use of the imaging modalities. These findings may improve surgical
planning and inform the appropriate involvement of members of the multidisciplinary team in
managing this complex life-threatening condition.
The study objectives were as follows:
Primary objective
1. To compare MRI and Ultrasound report findings in patients with suspected PAS.
Secondary Objectives
1.1. To compare MRI and ultrasound report findings with histopathology or surgical findings
in the absence of histopathological reports.
1.2. Compare junior and senior MRI radiologist reports with surgical and histological

outcomes.

Research methods and study design

A retrospective, cross-sectional study was conducted at Chris Hani Baragwanath Academic
Department of Diagnostic Radiology Hospital and Fetal Medicine Unit (FMU). Chris Hani
Baragwanath Academic Hospital is a tertiary hospital situated in the south of Johannesburg,
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South Africa. It serves the southern Gauteng province, which has a population of approximately
2 million people. Patients served are referred from surrounding midwife-operated Units (MOUS)
and hospitals of various levels. According to departmental morbidity and mortality statistics,
there were 23000 deliveries performed in 2019 at Chris Hani Baragwanath Academic Hospital

with a 50% caesarean section rate (11).

The study sample retrospectively included all MRI and ultrasound reports from patients with
suspected PAS that had attended Chris Hani Baragwanath Academic Hospital from 31
December 2019. Ultrasound and MRI report findings were compared to histopathological report
findings as a gold standard or surgical report findings where the histopathological report findings

were unavailable.

Chris Hani Baragwanath Hospital has a dedicated multidisciplinary team caring for all patients
with suspected PAS. Patients at high risk for PAS had been identified at the antenatal care
clinic and referred to the fetal medicine unit for examination with ultrasound grayscale and
colour Doppler. Patients with inconclusive ultrasound findings, suspected extrauterine organ

involvement, multiple gestations and posterior placentas had then been referred for MRI.

Ultrasound reports were obtained from an already existing database-PIA Fetal Database(GE-
Viewpoint, Wessling, Germany) in the FMU.

The MRI reports were obtained from the hospital’s Picture Archiving and Communications
System (PACS)- AGFA IMPAX 6.5.1.5012011 (2007-2008). The histopathological reports were
gathered from the National Health Laboratory Service (NHLS) Trakcare database. Intra-
operative surgical findings for patients without histopathological reports were obtained from

patient files in the hospital filing and storage department.

All ultrasound examinations had been performed and reported at the fetal medicine unit by a
qualified fetal medicine super specialist. All MRI reports used had been reported or approved by
a qualified radiologist. All MRI reports reported by a radiology registrar with no documented
radiologist approval were excluded. Patient reports with unavailable histopathology or surgical
reports were also excluded. The MRI reports available on the database were from 1 July 2017.
Our cohort, therefore, only included MRI and ultrasound reports between 1 July 2017 and 31
December 2019.

The sonographic grayscale and colour doppler transabdominal and transvaginal examinations

were performed with the GE VOLUSON S8 and Canon Aplio 400 TUS-A400. The transducers

used for GE Voluson S8 were:
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1. Endocavity(transvaginal) — GE E8C Microconvex Probe, bandwidth 4-10 MHz, with the
application set to obstetrics.

2. Transabdominal -GE C1-5 2D Convex Probe, bandwidth 1-5MHz, application set to
obstetrics.

The transducers used on the Canon Aplio 400:

1. Endocavity(transvaginal) probe-PVT781VT (11C3), bandwidth 4.0-9.0 MHz, application
set to obstetrics.

2. Transabdominal probe-PVT-3575BT(6Cs1), bandwidth- 1.9-6.0 MHz, application set to

obstetrics.

The MRI images were acquired with a 1.5T Siemens Magnetom Aera, 2015 with a body coil.
The sequences acquired were T2 Half-Fourier Acquisition Single-shot Turbo spin Echo
(HASTE) Sagittal, T2 HASTE Coronal, T2 HASTE Axial, T1 Volumetric Interpolated Breath-hold
Examination (VIBE) Axial and T2 HASTE Axial Oblique.

Patient demographics, risk factors, ultrasound and MRI report findings were collected and
entered into a predesigned datasheet on Research Electronic Data Capture (REDCap), as
demonstrated in Figure 1. The reported presence of one or more of the following ultrasound or
MRI signs was considered a positive diagnosis for that modality:
Ultrasound signs of abnormal invasion (17-20):

1. Low-lying gestational sac
Reduced myometrial thickness.
Intra-placental lacunae
Abnormal uterus-bladder interface.

Loss of retro-placental clear space.

o g s> w b

Sub-placental vascularity on colour doppler

7. Exophytic uterine masses
Magnetic Resonance Imaging signs of abnormal invasion (21, 22):

1. Uterine bulging.
Heterogenous placenta signal intensity on T2 weighted sequence
Hypointense intra-placental bands on T2 weighted sequence
Focal interruption of the myometrium.

Thinning or disappearance of the myometrium.

o 0 s~ w D

Tenting of the urinary bladder.
Sensitivity, specificity, and positive and negative predictive values for both ultrasound and MRI

reports were calculated by cross-tabulation of the binary index values with the gold standard,

which is a histopathology report and, in its absence, surgical report findings.
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The 95% confidence intervals were calculated around the sample estimates, and McNemar’s
test was used to compare the sensitivity and specificity of MRI against Ultrasound. The cut-off
value for the probability (p-value) of McNemar’s test was 0.05, a p-value <0.05 indicated a
difference that would most likely not be by chance.

The radiologist’s experience was gathered via a questionnaire sent to the radiologists via email.
The radiologist’s experience (months since qualification) was documented, and the accuracy of
the MRI reports in relation to experience was described. The radiologists were divided into
senior and junior radiologists. Senior radiologists were regarded as a radiologist with 60 months
(5 years) or more as a qualified radiologist.
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Ethical consideration
The study was approved by the University of Witwatersrand Human Research Ethics Committee
(HREC). Clearance reference: M200260.

24



Results

Between 1 June 2017 and 31 December 2019, there were 35000 births at Chris Hani
Baragwanath Academic Hospital. Of the 35000 births, 20 patients with suspected PAS were
found on storage and databases with ultrasound and MRI reports.

One patient was excluded from the study due to missing surgical findings or histopathology
reports resulting in 19 patients included in the study. There were 11 patients with histopathology
reports and eight with surgical report findings. Out of the 19 patients, five MRI reports were
excluded because one was missing an MRI report, and four MRI reports were reported by
radiology registrars and were not approved by a qualified radiologist. Out of the 19 patients, one
ultrasound report was excluded due to a missing ultrasound report. Therefore, a total of 14 MRI
reports and 18 ultrasound reports formed part of the study. There were 13 cases that had both
the MRI and ultrasound reports from the same patient. The breakdown of this cohort is

represented in Figure 2.

The mean age of the patients was 30.95+/-7.01SD, mean gravidity was three and mean parity
was two. Sixteen (84%) patients had placenta previa. Twelve (63%) of the patients had previous
caesarean section, and seven (37%) patients had non-caesarean previous uterine surgery or
procedures. There was one primigravida who had placenta previa and no other risk factors. The
demographic and clinical characteristics of the patients in this study are represented in Table 1.

The earliest ultrasound study was performed at a gestational age of 21 weeks, 2 days and the
latest ultrasound was done at a gestational age of 37 weeks, 3 days. The earliest MRI was
performed at 21 weeks, 2 days, and the latest MRI was at a gestational age of 37 weeks, 3
days. The average gestational age at which ultrasound was performed was 30 weeks, 2 days
and for MR, it was 32 weeks, one day. The average time interval between the ultrasound and
MRI was 13 days.

Ten ultrasound reports correctly diagnosed PAS and two correctly excluded PAS in correlation
with histopathologic or surgical findings. Five ultrasound reports incorrectly diagnosed PAS, and
one ultrasound report missed PAS in correlation to histopathologic or surgical findings.

There were six MRI reports that correctly diagnosed PAS and two that correctly excluded PAS
in correlation with histopathologic or surgical findings. There were four MRI reports that
incorrectly diagnosed PAS and two MRI reports missed PAS in correlation to histopathologic or
surgical findings. The true positive, false positive, true negative and false negative values of the

imaging modalities are represented in Table 2.
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Out of the 13 patients that had both the ultrasound and MRI reports from the same patient; the
ultrasound and MRI were discordant in six (46%) cases. Of the six discordant patients, three
(50%) had PAS on histopathology reports or surgical report findings. Ultrasound correctly
diagnosed PAS in two (67%) and correctly ruled out PAS in one (33%) patient. MRI correctly
diagnosed PAS in one patient (33%) and correctly ruled out PAS in two patients (67%). The

proportion of correctness for discordant cases is represented in Table 3.

Ultrasound had a sensitivity of 91% (95%Confidence interval (Cl)-58.7-99.8%) and specificity of
29%(95%Cl,4-71%). Ultrasound had a positive predictive value of 67% (95%CI,39-88%) and a
negative predictive value of 67% (95ClI, 9-99%). MRI had a sensitivity of 75% (95%Confidence
interval (Cl)-35-97%) and a specificity of 20%(95%CI,5-72%). MRI had a positive predictive
value (PPV) of 60% (95%CI,26-88%) and a negative predictive value (NPV) of 33% (95ClI, 1-
90%). There was no statistically significant difference between the sensitivity of the ultrasound
(91%) and the MRI (75%); p=0.564. There was no statistically significant difference between the
specificity of ultrasound (28.57%) and MRI (20.00%); p>0.999. The sensitivity and specificity

values are summarised in Table 4.

The most reported signs in true positive ultrasound reports were the presence of intraplacental
lacunae in seven cases (70%) and abnormal uterine-bladder interface in six patients (60%). The

percentage of ultrasound signs in true positive reports is demonstrated in Graph 1.

The most reported signs in true positive MRI reports were heterogenous placenta signal
intensity on T2WI and focal interruption of the myometrium in 4 cases (66.7%) for each sign.
The percentage of MRI signs in true positive reports is demonstrated in Graph 2. Figures 4 and
5 show some of the reported MRI findings from the patients in our cohort. Figure 6 shows a

histopathology slide of a patient with placenta accreta from our cohort.

Seven different radiologists reported the MRI studies. One radiologist's experience could not be
recorded as there was no response to our survey. Radiologists’ experience could, therefore,
only be determined for six of the seven radiologists and 13 of the 14 MRI reports. Two of the six
radiologists were senior (>60months), and four were junior. Senior radiologists reported seven
(54%) MRI reports, and junior radiologists reported six (46%) MRI reports. The most junior
radiologist had two months of experience, and the most senior radiologist had 208 months (17

years) of experience.

Three (42.9%) MRI senior radiologists reports correctly diagnosed PAS, and one (14.3%) report

correctly excluded PAS when compared with histopathologic or surgical findings. Two (28.6%)
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senior radiologist MRI reports incorrectly diagnosed PAS, and one (14.3%) report incorrectly
excluded PAS.

Four (66.7%) MRI junior radiologists reports correctly diagnosed PAS, and two (33.3%)
incorrectly diagnosed PAS. The accuracy percentages, true positives, false positives, true

negatives and false negatives are represented in Table 5.

Junior radiologists had a sensitivity of 100% in diagnosing PAS (95%Confidence interval (Cl)-
39.8%-100%) and a specificity of 0% (95%CI,0-84.2%). Junior radiologists had a positive
predictive value of 66.7% (95%CI,66.7%-66.7%), and a negative predictive value could not be
defined due to zero true negatives and false negatives. Senior radiologists had a sensitivity of
75% in diagnosing PAS (95%Confidence interval (Cl)-19.4-99.4%) and a specificity of
33.3%%(95%CIl,0.8-90.6%). Senior radiologists had a positive predictive value of 60%
(95%CIl,36-80%) and a negative predictive value of 50% (95Cl, 8.8-91%). The sensitivity and

specificity values are summarised in Table 6.
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Discussion

Prenatal diagnosis of PAS is essential for surgical planning and is associated with reduced
maternal and fetal morbidity and mortality (12). The most common and significant risk factors of
PAS are previous caesarean section and placenta previa (5). The majority of patients in our
study had placenta previa, previous caesarean section or both. This clinical and risk profile of
patients in our study is similar to earlier studies by Chambon et al., Warshak et al., Dwyer et al.,
Lopes et al. and Maher et al. (7, 22-25).

Ultrasound is widely regarded as the primary diagnostic tool in patients with suspected PAS.
MRI is recommended in patients with inconclusive ultrasound findings such as suspected
extrauterine organ involvement, multiple gestations, obese patients, and posteriorly placed
placenta (9, 10). Ultrasound is readily available, quick, cheaper and requires less expertise than
MRI(9, 10, 14). Therefore, comparing these modalities is important in a resource-limited setting

to ensure the appropriate use of these modalities in the workup of patients with suspected PAS.

Our study reported the specificity and sensitivity of ultrasound to be 29 % and 91%,
respectively. Specificity and sensitivity for MRI were 20% and 75 %, respectively. The difference
in the accuracy of the ultrasound and MRI reports was not statistically significant (p=0.791)
when tested using Mcnemar’s test. Findings reported in studies by Daney de Marcillac et al. and
Chambon et al. were similar to our results (7, 26). Chambon et al. reported ultrasound
specificity and sensitivity of 37% and 100%, respectively and MRI specificity and sensitivity of
50% and 77%, respectively (24). Daney de Marcillac et al. reported ultrasound specificity and
sensitivity of 67% and 92%, respectively, and MRI specificity and specificity of 84% and 78%,
respectively (26). A 2013 systematic review by Meng et al. also reported ultrasound to be more
specific and sensitive than MRI. MRI had specificity and sensitivity of 88% and 82%,

respectively; ultrasound had specificity and sensitivity of 95% and 83%, respectively (15).

Similar studies conducted in Egypt by Abdel Magied et al. and Hashem et al. reported differing
results compared to ours. The study by Abdel Magied et al. of 23 patients reported ultrasound
sensitivity and specificity of 63.6 % and 91.6%, respectively, whilst MRI reported sensitivity and
specificity of 72.7% and 100%, respectively(27). A study by Hashem et al. of 25 patients
reported ultrasound sensitivity and specificity of 68% and 79%, respectively. MRI reported
sensitivity and specificity of 80 and 86%respectively (28).

A 2020 systematic review by Dahmarde et al. found MRI to be more specific and sensitive. MRI
had specificity and sensitivity of 97% and 89%, respectively; ultrasound had specificity and
sensitivity of 89% and 73%, respectively(16). The studies included in this cohort found MRI

more accurate when the placenta was posteriorly positioned (16).
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The afore-mentioned only other similar research comparing the accuracy of these imaging
modalities in diagnosing PAS in South Africa was a 2004 prospective study by Moodley et al.
comprising of 30 patients with placenta previa. Moodley et al. reported ultrasound specificity
and sensitivity of 88% and 60%, respectively. Ultrasound Doppler sensitivity and specificity
were reported to be 80% and 84%, respectively. The MRI sensitivity and specificity were
reported to be 60% and 76%, respectively (14). Our study in comparison to study by Moodley et
al. was similar in respect that our study cohort also had both ultrasound and MRI in a South
African tertiary centre as well. The ultrasound findings in our cohort were not separated into
gray scale and Doppler ultrasound findings as was done on the study by Moodley. The only risk
factor considered in patient selection in the study by Moodley et al. was presence of placenta
previa. Our study also differed in that it was a retrospective study, smaller in number and did
not have ultrasound and MRI imaging in all patients. The prospective, deliberate ultrasound and
MRI imaging of all placenta previa patients possibly yielded more patients for the study by

Moodley et al. compared to our study.

Our study found reports by junior radiologists to be more accurate and to have higher specificity
but much lower sensitivity than reports by senior radiologists. The differences were, however,
not statistically significant. Our study’s results agree with a study by Casagrande et al. (29). This
study reported no statistically significant difference in the accuracy of PAS diagnosis between
senior and junior general radiologists. This study reported that radiologists with experience in
abdominal/pelvic MRI reporting were more accurate in the diagnosis of PAS in comparison to
general MRI radiologist reports (29). Senior radiologists (>7 years of experience) with no
specific abdominal/pelvic MRI reporting experience were found to have specificity and
sensitivity of 64.3% and 80.4%, respectively (29). Junior radiologists in this study with no
specific PAS reporting experience had specificity and sensitivity of 64.3% and 82.6%,
respectively (29). The radiologists in our cohort had no known specific experience in
abdominal/pelvic MRI reporting and were only compared by experience since qualification. This
lack of specific abdominal or pelvic RMI reporting experience is likely the reason for lack of a
difference between junior and senior radiologist reports.

A study by Alamo et al. showed that more experienced radiologists were more accurate than
junior radiologists (30). The study showed senior radiologists had sensitivity and specificity of
90.90% and 75%, respectively, while junior radiologists had sensitivity and specificity of 81.8%

and 61.8%, respectively(30). These results contradict the results of our study.
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Limitations and strengths

The limitations of our study include a small number of patients, mainly due to the retrospective
nature of the research and the limited data availability. The prevalence of placenta accreta is
not known in our setting. Using the assumption of a prevalence of 8.6% from a study by
Warshak et al. 2006, the sample size we required for a precision interval of 95%, with a margin
error of 0.05 at 80% power, would have been 126 (22). The sample size of our study was only
19 patient reports, making it challenging to draw proper conclusions from the statistical findings.
Compared to other studies by Abdel Magied et al., Hashem et al., Daney De Marcillac et al. and
Chambon et al., our study had the smallest number of patients (7, 26-28). The study by Hashem
et al. conducted in Egypt had the highest number of patients, with a total of 50 patients(28). The
study by Daney Demarcillac had the lowest number with 22 patients(26). None of the

comparable studies had the stipulated 126 patients.

Data availability constraints included the unavailability of MRI reports on PACS before June
2017. As imaging plays a significant role in this condition, the unavailability of image storage at
the fetal medicine unit is a shortfall in our study. Image correlation of MRI and ultrasound
images in our cohort would have been ideal, especially for patients in whom both modalities
were truly positive for PAS when compared to histopathology or surgical findings. Our study

was, however, primarily assessing report findings without reviewing images.

The radiologists reporting the MRI studies were not blinded to the ultrasound report findings,
which may have led to unavoidable bias and improvement in the diagnostic accuracy of the
MRI. Recording specific indications for patients referred for MRI could have further assisted in
assessing the appropriateness of MRI in our cohort. This data was unfortunately unavailable
from the ultrasound or MRI reports assessed. The data unavailability may have been due to the
omission of the indication at the time of MRI reporting or to incomplete filling-in of the request

forms when the MRI was requested.

One of the study’s strengths was that all the reports analysed had histopathological or surgical
repots to confirms or exclude PAS. The study findings reflect the different but essential roles of
MRI and ultrasound in the presurgical work-up of patients with suspected PAS. These findings
support the appropriate use of these modalities and the selection of multidisciplinary team
members in a similar setting. As ours is only the second study in South Africa comparing
imaging modality accuracy in patients with suspected PAS, it also highlights the clinical factors

that contribute to the development of PAS in our patient population/ context. Recommendations

30



for future research based on our study could include prospective studies in patients with

suspected PAS, the study of clinical outcomes and an analysis of management options.

Conclusion

Our study did not demonstrate statistically significant differences in the accuracy of ultrasound
reports compared to MRI reports. These findings support the usefulness of ultrasound as an
effective screening tool. MRI can help in select cases such as inconclusive ultrasound findings,
suspected extrauterine organ involvement, posterior placenta and multiple gestations.
Appropriate presurgical workup is also important in ensuring appropriate involvement of
different multidisciplinary team members at the time of delivery, which is associated with better
outcomes. Our study also did not demonstrate a statistically significant difference in accuracy

between MRI reports by junior and senior radiologists.
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Appendix 1. Table of Abbreviations

FMU-Fetal medicine unit.

HASTE- Half-Fourier Acquisition Single-shot Turbo spin Echo
MRI-Magnetic Resonance Imaging.

MOU-Midwife operated Unit

PAS-Placenta accreta spectrum.

VIBE- Volumetric Interpolated Breath-hold Examination
NHLS-National Health Laboratory Service
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Appendix2: Tables with legends

Table 1: Table representing demoqgraphic and risk factor profiles of the patients with

suspected PAS(included in the study).

Demographic and Clinical Characteristics

mean(sd)
30.95 (7.01)

Age (years)
321149
20 1.9
Clinical risk factor profile: n (%); N=19

Placenta Previa

12632

16 (84.2)

Previous non-caesarean uterine surgery or procedure(s). 7(37.0)
Previous caesarean section and other uterine

5(26.3)
surgery/procedure
Placenta previa and previous caesarean section 9(47.4)
Placenta previa and caesarean section or other uterine

11(57.9)

surgery or procedure

Table 2: Table demonstrating the accuracy of the MRI and ultrasound reports in patients

with suspected PAS in comparison to histopathological or surgical findings

True False True False Correct, Incorrect
positive positive negative negative n (%) n (%)
(n) (n) (n) (n)
Ultrasound(N=18) | 10 5 2 1 12(66.7) 6(33.3)
MRI(N=14) 6 4 2 2 8(57.1) 6(42.8)
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Table 3: Table comparing the proportion of correctness for MRI vs ultrasound in

discordant cases.

. i o Ultrasound N=6 MRI N=6
Histopathology/surgical findings

Positive | Negative | Positive | Negative

Positive

Negative

Table 4: Table demonstrating the accuracy of ultrasound and MRI in the diagnosis of

PAS

(%) (%)
Sensitivity 90.91 75.00
Specificity 28.57 20.00
Positive predictive value (PPV) 66.67 60.00
Negative predictive value (NPV) 66.67 33.33

Table 5: Table comparing the proportion of correctness for senior compared with junior

radiologists

Radiologist Correct Incorrect | True positive | False True False

Experience n (%) n (%) (n) positive negative negative
(n) (n) (n)

Senior 4(57.1) 3(42.9) 3 2 1 1

(N*=7)

Junior 4(66.7) 2(33.3) | 4 2 0 0

(N*=6)

*N=number of reports
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Table 6: Table demonstrating the accuracy of junior and senior radiologist MRI reports

in diagnosis of PAS compared to histopathological or surgical report findings

N*=6 95% ClI N*=7 95% ClI
Sensitivity 100 39.8-100 75 19.4-99.4
Specificity 0 0-84.2 33.3 0.8-90.6
Positive predictive value (PPV) 66.7 66.7-66.7 60.00 36-80
Negative predictive value (NPV) 50 8.8-91

*Number of reports by senior/junior radiologists
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Appendix 3: Figures with legends

Figure 1: Data collection sheet for the patient ultrasound and MRI reports:

Demographic Information

Age

Gravidity

Parity

Maternal History and Diagnoses

Previous csection:

Previous uterine surgery/procedure:

Placenta previa:

 Yasg 2 Yes L Yasg
' Na ' Na ' Na
reset reset
MRI finding: u:_t\r;sn}:nd finding: Surgical finding:
2 positive L_: N&s I:_'E 2 positive
2 Megative S hegatve reser — Negative
reset
Histopathology:
2 positive
o Megative
J None
reset
MRI and Ultrasound Findings
MRI Ultrasound

L Uterine bulging-.

O Heterogenous placenta signal intensity on T2 W

U Hypointense intra-placental bands on T2 weighted
sequence

[ Focal interruption of the myometrium
O Thinning or disappearance myometrium
[ Tenti ng of the urinary bladder

L other

E:Tarian:a of Reporter:
L Junior
) senior

None= no histopathology report was found.
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Figure 2: Figure demonstrating study cohort selection with inclusions and exclusions
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Figure 4: Axial(A) and Sagittal(B) T2WI Abdo-pelvic demonstrating right posterolateral

focal interruption of the myometrium at the placenta/myometrium interface with placenta

visualised in the right perirectal space, paravesical fossa and parailiac space(encased

internal and external iliac vessels) in keeping with placenta percreta (arrows).

Histopathology-proven case.
A
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Figure 5: (A)sagittal and coronal(B) T2WI Abdo-pelvic MRl demonstrating anterior

placenta focal uterine bulge and focal interruption of the myometrium at the

placenta/myometrium interface. Histopathology-proven placenta increta.

A




Figure 6: histopathology slide (10x magnification) demonstrating placenta accreta in one

of the patients in our cohort. Chorionic villi (black arrow) are implanted directly on the

surface of the myometrium (white star) without intervening decidua (Haematoxylin and

eosin). Slide provided by Chris Hani Baragwanath Academic Hospital National Health

Laboratory Service.
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Appendix 4: Graphs with legends

Graph 1: Graphical representation of the signs reported in ultrasound true positive

reports
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Graph 2: Graphical representation of the signs reported in MRI true positive reports
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1. Rationale

The purpose of the study is to describe and compare Magnetic Resonance Imaging(MRI) and
ultrasound findings in patients with suspected placenta accreta spectrum (PAS) disorder at
Chris Hani Baragwanath Academic Hospital using histopathology as a gold standard or surgical

findings where histopathology report is absent.

2. Introduction

2.1. Definitions

2.1.1 Placenta accreta spectrum

Placenta accreta spectrum is a complex disorder of placentation whereby damage to the
endometrium-myometrial interface and subsequent absent re-epithelialisation and scarring
results in an abnormally adherent placenta(1-3). The abnormal attachment of the placenta leads

to difficulty in placenta delivery with associated intrapartum and postpartum haemorrhage. (2, 3)

This disorder has previously had various names in literature such as placental adhesive
disorder, abnormally adherent placenta, abnormal placental disorder, abnormally adherent
placenta, placenta creta, placenta accreta etc (1, 4). Abnormal placenta attachment subtypes
are classified according to the level of invasion at the placenta/myometrium interface(3).
Placenta accreta whereby the placenta is attached to the myometrium without invading the
myometrium(3). Placenta increta is when there is abnormal placenta attachment with an
invasion of the myometrium(3). Placenta percreta is a subtype whereby there is placental
invasion and attachment beyond the serosa into the surrounding pelvic or abdominal organs(3).
The International Federation of Gynecology and Obstetrics (FIGO) recommends the term
“placenta accreta spectrum”(PAS) instead of the various subtypes individually (1). The term

PAS ensures standardized nomenclature and is inclusive of the various subtypes (1).

2.2. Clinical Presentation

Patients with PAS are largely asymptomatic and in some cases are diagnosed for the first time
during vaginal delivery or caesarean section(4). Symptomatic presentation is related to the
presence of placenta previa and level of invasion including vaginal bleeding, hypovolemic

shock, hypotension, abdominal cramps and premature delivery (1, 4, 9).
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2.3. Epidemiology

Studies have reported a global increase in the incidence of PAS with an associated increase in
the caesarean section rate(31). In the USA, there has been an increased incidence of PAS from
1in 30 000 births in 1937 to 1 in 553 births in 2005(31). This increased PAS incidence was
associated with an increase in caesarean delivery rate which was reported to have increased
from 12.5% to 23.5% between 1982 and 2002. (31)

2.4. Risk factors

The most common risk factor is a previous caesarean section(1, 4, 31). The risk of PAS is
reported to be 8.7 times higher in patients with previous caesarean delivery and the risk
increases with an increase in the number of previous caesarean sections (5, 7, 31). Other risk
factors for abnormal placentation are previous uterine surgery, advanced maternal age,
multiparty, hypertension, smoking, uterine leiomyomas, previous uterine irradiation, in vitro

fertilisation and placenta previa (1, 3, 8, 9).

2.5. Diagnosing PAS
Due to a large number of asymptomatic presentations, clinical history and risk factor profile
guide prenatal diagnosis of PAS (9). Prenatal diagnosis of PAS is made via ultrasound and MRI

with varying levels of accuracy(15, 16).

Ultrasound is used as the primary investigation of choice in patients at risk of PAS(9, 10).
Magnetic resonance imaging (MRI) use is recommended in cases where the placenta cannot be
adequately assessed by ultrasound and surgical planning. These are cases such as posterior
placenta position, suspected extrauterine invasion, obese patients and multiple gestations(5,
10).

The gold standard for diagnosis of PAS is histopathology (5). Histopathology findings are
dependent on the specimen being examined and are laboratory-dependent(32). Various types
of histology specimens that can be examined include hysterectomy, placenta and curettage
specimens (32).

Definitive diagnosis of a morbidly adherent placenta can also be made intra-operatively or
during vaginal delivery. Intra-operative findings of an adherent placenta have been regarded as
the gold standard in studies where there was no available histopathology examination report

(4). These intraoperative findings, however, tend to be subjective with inter-observer variability

(4).
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2.5.1. Ultrasound Findings

Transvaginal and transabdominal ultrasound approaches are both used in imaging patients with

suspected PAS(10). The transvaginal approach is superior in the assessment of cervical and

bladder invasion (10). Additional use of doppler examination improves the assessment of

vascularity of the uterus and placenta(10).

A positive ultrasound diagnosis for placenta accreta spectrum on ultrasound must report on one

or a some of the following features(17):

1.

Low lying gestational sac is defined as a gestational sac which is positioned anteriorly in
the uterus, within 2cm of the internal cervical os. (18, 20)

Reduced myometrial thickness is defined as focally thin myometrium(<1lmm) underlying
the gestational sac(17, 19).

Intra-placental lacunae are findings of both grayscale and doppler mode described as
multiple, irregular placental anechoic lesions that demonstrate turbulent flow(17).
Abnormal uterus-bladder interface describes irregularity of the normally clear
hyperechoic interface between the uterus and the bladder. (17, 20)

Loss of retro-placental clear space is defined as the absence or irregularity of the
normally hypoechoic placenta-myometrial plane(17).

Sub-placental vascularity on colour doppler is defined as a large retro-placental colour
Doppler signal (17)

Exophytic uterine masses are defined as placental tissue visualized through and beyond

the uterine serosa and visualized in the urinary bladder(17).

Intraplacental lacunae is the most sensitive and specific ultrasound sign followed by loss of

retroplacental clear space(17, 18). In a systematic review by Pagani et al., the sensitivity and

specificity of intraplacental lacunae were 74.8-88.6% and 45.2-81.2% respectively depending

on the PAS subtype (17). The sensitivity and specificity of loss of retroplacental clear space
were 74.9-91.6% and 71.1%-92% depending on the PAS subtype (17). These signs are most

accurate in the second and third semesters (20). Low anterior implantation of the gestational

sac is the most sensitive and specific ultrasound sign in the first trimester(20). The sensitivity

and specificity of low anterior implantation are 44.4% and 93.4% respectively(20).

2.5.2. MRI findings

A positive MRI diagnosis for placenta accreta spectrum on MRI must report on the following

one or some of the following features (33)

1.
2.

Uterine bulging- is defined as a focal outward protrusion in the uterine contour(33).

Heterogenous placenta signal intensity on T2 weighted sequence is defined as loss of

the normally homogenously intermediate signal of the placenta. (33, 34).
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3. Hypointense intra-placental bands on the T2 weighted sequence are defined as thick,
irregular, randomly distributed hypointense bands within the placenta extending from the
myometrium into the placenta. (33, 34).

4. Loss of retroplacental clear space is described as interruption of the interface between
placenta and myometrium on T2 weighted images- that is normally low signal intensity
layers on either side of an intermediate signal intensity middle layer. (34).

5. Thinning or disappearance of the myometrium is described as a focal area of thinning in
comparison to the rest of the myometrium.

6. Tenting of the urinary bladder describes a change in bladder shape with an impression
on the bladder wall by the invading placenta and loss of the uterine-bladder interface (21).

A systemic review by Familiari et al reported dark intraplacental bands and heterogenous
placental signal intensity as the most sensitive signs for PAS with sensitivities of 87.6% and
80.9% respectively(35). The most specific signs of PAS were bladder tenting and abnormal

intraplacental vascularity with specificities of 81.5% and 83.2% respectively(35).

2.5.3. Surgical report findings
A positive surgical diagnosis for placenta accreta spectrum patient records must report on the
following one or some of the following features(4):
1. Placenta separated completely.
Placenta partially separated(4).
Grossly adherent placenta(4).

Surgical diagnosis of a percreta: Visualization of placental tissue through the serosa(4).

A R

Placental tissue is visualised invading the pelvic organs(4).

2.5.4 Histopathology report findings
A positive histopathologic diagnosis for placenta accreta spectrum in histopathology report
must report on the following one or some of the following features:

1. partial or absence of the decidua basalis with placental villi adhering directly to, or
invading the myometrium in postpartum hysterectomy specimen microscopic
examination. (32).

2. Placenta microscopic examination shows a layer of myometrial fibres adherent to the
placenta without intervening decidua (32).

3. In post-partum curettage samples, presence of chorionic villi and trophoblast without

decidua in and amongst smooth muscle fibres (32).
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2.5.5. Comparison of ultrasound and MRI prenatal diagnosis accuracy

2.5.5.1 Global literature

A 2020 systematic review of 17 studies by Dahmarde et al, found MRI to be more specific and
sensitive. MRI had specificity and sensitivity of 97% and 89% respectively; ultrasound had
specificity and sensitivity of 89% and 73% respectively(16). A 2013 systematic review by Meng
et al, reported of 13 studies reported ultrasound to be more specific and sensitive in comparison
to MRI. MRI had specificity and sensitivity of 88% and 82% respectively; ultrasound had
specificity and sensitivity of 95% and 83% respectively (15).

2.5.5.2 South African studies

The only similar study in South Africa was a 2004 prospective study at King Edward VIII
hospital, Nelson R Mandela School of Medicine, Durban, KwaZulu Natal. The study reported
ultrasound to be more specific and sensitive compared to MRI in the diagnosis of PAS (14).
The afore-mentioned only other similar study in South Africa by Moodley et al was a 2004
prospective study of 30 patients with placenta previa. Moodley et al. reported ultrasound
specificity and sensitivity of 88% and 60% respectively. Ultrasound Doppler sensitivity and
specificity were reported to be 80% and 84% respectively. The MRI sensitivity and specificity

were reported to be 60% and 76% respectively (14).

2.5.5.3 Studies in the rest of Africa

Similar studies conducted in the rest of the continent include studies from Egypt by Abdel
Magied et al. and Hashem et al. The study by Abdel Magied et al of 23 patients reported
ultrasound sensitivity and specificity of 63.6 % and 91.6% respectively whilst MRI reported
sensitivity and specificity of 72.7% and 100% respectively(27). A study by Hashem et al of 25
patients reported ultrasound sensitivity and specificity of 68% and 79% respectively. MRI

reported sensitivity and specificity of 80 and 86%respectively (28).
As mentioned above, the studies similar to our project comparing the accuracy of ultrasound

and MRI findings in PAS have reported various results; below is a table(Table 1) summarising

their findings.
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Table 1: comparison of similar studies comparing ultrasound and MRI accuracy in
suspected Placenta accreta spectrum including the number of patients reviewed and the

country of the study.

Author and year of Country Number | Ultrasound MRI
study of Sensitivity Specificity | Sensitivity | Specificity
patients

Moodley, Ngambu and | South 30 60-80% 84-880% 60% 76%
Corr Africa
2004(14)
Warshak et al United 39 7% 98% 88% 100%
2006(22) States of

America
Dwyer et al United 32 93% 71% 80% 65%
2006(23) States of

America
Mabher et al Saudi 63 95.1% 95.5% 85.7% 76.9%
2012 Arabia
(25)
Chambon et al France 42 100% 37.5% 76.9% 50%
2014
)
Daney de Marcillac et France 22 92% 67% 84% 78%
al
2016
(26)
Hashem et al. Egypt 25 68% 79% 80% 86%
2016
(28)
Lopes et al Brazil 37 88% 44% 92.9% 43%
2018(24)
Abdel Magied et al Egypt 23 63.64% 91.67% 72.73% 86.96%
2018 (27)
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2.5.6. Radiologist experience and accuracy of MRI findings

Studies that have investigated the influence of radiologist experience on the interpretation of
MRI studies in PAS have found experienced readers to be more accurate.

A study by Alamo et al composed of 25 patients with suspected PAS reported sensitivity to be
90.9% and 81.8% for senior and junior radiologists respectively. Specificity was reported to be
75 % and 61.8% for senior and junior radiologists respectively. The junior readers in this study
had experience of less than 3 years and the senior radiologist had experience of 5 or more
years (30).

A similar study by Millischer et al. showed similar results with a reported sensitivity of 62.5% and
87.5% for junior and senior radiologists respectively. Specificity was reported to be 33.3% and
62.5% for junior and senior radiologists respectively. The junior radiologists in this study had
experience of less than 2 years and the senior radiologists had experience of 5 or more
years(36).

A study by Casagrande et al (29) found slightly different results from the above-mentioned
studies. This study reported no statistically significant difference in the accuracy of PAS
diagnosis between senior and junior general radiologists. This study reported that radiologists
with experience in abdominal/pelvic MRI reporting were more accurate in the diagnosis of PAS
in comparison to general MRI radiologist reports (29). Senior radiologists (>7 years of
experience) with no specific abdominal/pelvic MRI reporting experience, were found to have
specificity and sensitivity of 64.3% and 80.4% respectively (29) and junior radiologists in this
study with no specific PAS reporting experience had specificity and sensitivity of 64.3% and

82.6% respectively (29).

2.6. The project in context: Comparison to literature

This study in the context of the literature will determine the findings of antenatal ultrasound and
MRI imaging findings and compare these findings with histopathology or surgical findings as to
the gold standard in our cohort of patients.

3. Aims

This study aims to describe our current prenatal detection of PAS and determine our institute’s
specificity and sensitivity in the diagnosis of PAS. These findings may improve reporting and
antenatal diagnosis and hence, surgical planning of this life-threatening condition.

The institute already has a dedicated multi-disciplinary team involved in the care of all

suspected patients with PAS.
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4. Study Objectives

Primary objective

2. To compare MRI and Ultrasound findings in patients with suspected PAS.

Secondary Obijectives

1. To compare MRI and ultrasound findings with histopathology or surgical findings(in the
absence of histopathological reports).

2. Compare junior and senior MRI radiologist reports with surgical and histological outcomes.
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5. Methods

5.1. Setting

Chris Hani Baragwanath Academic Hospital is a tertiary hospital situated in the south of
Johannesburg and serves the southern Gauteng province with a population of approximately 2
million. Women served are referred from surrounding midwife-operated Units (MOUs)and
hospitals of various levels. There are 23000 deliveries performed annually with a caesarean
section rate of 39.8%. Mortality and Morbidity statistics for the previous year have, however,

reported the caesarean section rate for the previous year to be 50%. (11)

5.2. Research paradigm

The research paradigm is a retrospective cross-sectional study comparing ultrasound and MRI
report findings in patients with suspected Placenta Accreta spectrum. Histopathology report
findings will be used as the gold standard. In cases in which there are no histopathology

reports, surgical findings will be used as the gold standard instead.

5.3 Sample

The sample for the study will include all patients attending Chris Hani Baragwanath Academic
Hospital Fetal medicine unit with suspected placenta accreta spectrum and patients in whom

there was poor resolution due to a posterior placenta. The study period will be from the 1 of

June 2017 to the 30" of June 20109.

5.3.1. Inclusion criteria
All patients with suspected or diagnosed PAS on ultrasound were referred for antenatal
MRI(Magnetic resonance imaging).

Each MRI report is interpreted, reviewed or approved by a qualified radiologist.

5.3.2. Exclusion criteria
Lost records which may include antenatal, intrapartum or surgical notes, ultrasound reports, and

MRI reports.

MRI studies not reported or approved by qualified radiologists will be excluded.
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5.4. Materials and Methods

Patients who were referred for MRI for suspected PAS will be identified from a record file in the
Fetal medicine unit. Patient files will be gathered from the filing and storage of the hospital to
determine surgical findings. The MRI reports will be archived from the current Picture Archiving
and Communications System (PACS)- AGFA IMPAX 6.5.1.5012011 (2007-2008) and the
histopathological reports from the NHLS(National Health Laboratory Service) Labtrak database.

5.4.1. Reporters

The patients have had their ultrasounds performed and reported at the fetal medicine unit by a

qualified fetal medicine specialist Dr Jayshree Jeebodh.

The MRI examination reports that will be considered are reports that have been reported or
approved by a qualified radiologist.

A qualified radiologist will be defined as a person who has passed the Diagnostic Radiology
Fellowship Final examination from the College of Medicine of South Africa(CMSA) or equivalent
qualification approved by the Health Professionals Council of South Africa(HPCSA).

A senior radiologist will be defined as a qualified radiologist five or more years after obtaining a
gualification as a radiologist.

A junior radiologist will be considered as a qualified radiologist less than 5 years after obtaining

gualification as a radiologist.
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5.4.2. Equipment

The sonographic transabdominal and transvaginal examinations were performed with the GE
VOLUSON S8 and Canon Aplio 400 TUS-A400.

The transducers used for GE Voluson S8:

Endocavity(transvaginal) - GE E8C Microconvex Probe, bandwidth 4-10 MHz, with the
application set to obstetrics.

Transabdominal -GE C1-5 2D Convex Probe, bandwidth 1-5MHz, application set to obstetrics.

The transducers used on the Canon Aplio 400:

Endocavity(transvaginal) probe-PVT781VT(11C3), bandwidth 4.0-9.0 MHz, application set to
obstetrics

Transabdominal probe-PVT-3575BT(6Csl), bandwidth- 1.9-6.0 MHz, application set to

obstetrics
The MRI images are acquired with a 1.5T Siemens Magnetom Aera,2015 with a body coil. The
sequences acquired are T2 Half-Fourier Acquisition Single-shot Turbo spin Echo (HASTE)

Sagittal, T2 HASTE Coronal, T2 HASTE Axial, T1 Volumetric Interpolated Breath-hold
Examination (VIBE) Axial and T2 HASTE Axial Oblique.

5.5. Data collection
All patients will be allocated a data collection sheet and assigned a research number to

maintain anonymity. The MRI and ultrasound report data will be entered onto the data collection

sheet for each patient( attached as Appendix 1).

5.6. Reliability and validity

The MRI reports, ultrasound reports and histopathology reports have been reported by trained

and qualified radiologists, a fetal medicine specialist and histopathologists respectively.

5.7. Bias

Possible reporting bias due to radiologists not being blinded to the ultrasound findings which

may affect the accuracy of MRI reports.
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Unavoidable selection bias due to only high-risk patients that have been referred to the fetal

medicine unit for prenatal imaging.

6. Data analysis and statistics

Sensitivity, specificity, positive predictive value, and negative predictive value will be calculated
for ultrasound and MRI.

The sensitivity and specificity values for ultrasound and MRI will be compared with the
McNemar Test.

The Radiologist’s experience in years will be documented and the accuracy of the MRI reports
in relation to experience.

The statistical analysis and interpretation will be done with the help of a biostatistician.

7. Ethics

The permission and ethical clearance for the study will be applied for with the University Of
Witwatersrand Human Research Ethics Committee(HREC) Chris Hani Baragwanath Academic
Hospital CEO office, Head of Department at National Health Laboratory Service(NHLS),

Department of the Obstetrics and Gynaecology and Department of Diagnostic Radiology.

7.1. Data Safety
The patient details used for this research project will not be shared with any other parties that

are not involved with the project or related project. There will be no publishing of patient

personal details to any other parties.
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8. Timing

Month of the Year

Dec

Jan

Feb

March

April

May

June

July

August

Literature search

Reading literature

Summarising

literature

Preparing Protocol

Protocol

Assessment

Ethics application

Collecting data

Data analysis

Writing up thesis

Submit: marking

Writing up paper
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9. Budget

The anticipated costs of the project are related to stationery which will be used to print and

publish the paper. This will be self-funded.

Stationery: paper and printing 200

Total 200

10. Anticipated problems
The continuous AGFA PACS problems at Chris Hani Baragwanath Academic Hospital are a
threat to the possible loss of data. The PACS problems are hopefully to be resolved and if not

resolved should hopefully not cause loss of patient data.

Access to files of the patient may be limited due to large volumes of storage.

There is a possibility of low numbers of patients for the study over the specified time.
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