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Abstract
Objective: To estimate the related factors of hysterectomy in patients with Placenta accreta spectrum
(PAS) after uterine artery embolization (UAE), and try to evaluate the effectiveness and safety of UAE in
patients with PAS.

Methods: From January 2012 to July 2020, a retrospective analysis was performed in 85 patients
undergoing TAE for PAS. Information regarding clinical data, angiography as well as embolization details,
and clinical outcomes was obtained. Univariate and multivariate analyses were performed to determine
the factors related to hysterectomy.

Results: Bleeding greater than or equal to 500ml during the delivery(p = 0.037), the placenta type by MR
or US(placenta increta vs placenta percreta, P = 0.01) and the type of ovarian artery(No vs Bilateral, P =
0.005; Unilateral vs Bilateral, P = 0.01) were independent risk factors of hysterectomy in PAS patients
treated with UAE. The area under the curve (AUC) of the predictive model that incorporated the
independent risk factors was 0.844. Abnormal collateral vessels communicating with uterine artery were
observed on angiography in 24 patients (28.2%) with 31 abnormal collateral vessels. The major abnormal
collateral vessel was the abnormal branches of the internal iliac artery(n = 13), followed by the inferior
vesical artery (n = 11), internal pudendal artery(n = 3), obturator artery (n = 2), vaginal artery(n = 1) and
the abnormal branches of the external iliac artery(n = 1).

Conclusions: TAE is safe and effective for patients with PAS. Bleeding greater than or equal to 500ml
during the delivery, the placenta type by MR or US and the type of ovarian artery were related to the
hysterectomy. For patients with hypertrophic ovarian-uterine artery anastomosis and no fertility
requirements, Ovarian artery embolization(OAE) could be a feasible choice.

Introduction
The placenta accreta spectrum (PAS) had not been speci�cally de�ned in the past, it was generally called
morbid placental adherence, and �rstly de�ned as failure of separation of the placenta from the uterine
wall following delivery of the human fetus by Irving et al. in 1937[1]. In order to better de�ne lesions and
guide clinical work, the latest guidelines suggested that the PAS should be subdivided into placenta
accreta(where the villi attach directly to the surface of the myometrium without invading it), placenta
increta(where the villi penetrate deeply into the myometrium up to the external layer) and placenta
percreta(where the invasive villous tissue reaches and penetrates through the uterine serosa)[2, 3].

The incidence of PAS has increased substantially with the increase in the global caesarean section rate[4,
5]. Prior cesarean section and placenta previa were the two most important risk factors for PA, and the
risk of encountering PAS increased with placenta previa and the number of previous caesarean sections,
which could even surge to 67 percent in women who had �ve or more cesarean sections[6–9]. There were
still other factors related to PAS, such as other forms of uterine surgery, abnormal endometrial histologic
architecture, advanced maternal age, increasing parity and so on[10].
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Regarding the diagnosis of placenta accreta, the sensitivity of prenatal ultrasound for the diagnosis of
placental hyperplasia is 55% ~ 90%, and the speci�city is nearly 88% ~ 98% according to previous reports
[11, 12]. Although the sensitivity of ultrasound diagnosis of PAS had relatively large �uctuations, it had
enhanced the prenatal diagnosis rate of PAS to a certain extent. The diagnostic e�cacy of prenatal
ultrasound for PAS was affected by many factors, such as the pregnancy stages, location of the accreta,
ultrasonographic quality, ultrasonographer skill, and clinician experience, etc.[10].

As for MRI, another important diagnostic tool for prenatal diagnosis, the latest systematic review and
meta-analysis of MRI in identifying invasive placentation showed a sensitivity of 94.4%, a speci�city of
84.0%, a positive likelihood ratio of 5.91, and a negative likelihood ratio of 0.07[13]. Therefore, MRI can
predict depth of invasion and topography of invasion in PAS with high accuracy through speci�c signs on
the T2-weighted image, such as uterine bulging, heterogeneous signal intensity, focal interruption of the
myometrium, bladder tenting, and dark intraplacental bands[13, 14]. However, compared MRI to
ultrasonography, the review found no difference in sensitivity or speci�city in identifying PAS[13]. In short,
ultrasound and MRI had high prenatal diagnostic value for PAS, which could make interventions in
advance and improve the prognosis to some extent[15].

The chief surgical treatment for PAS is total hysterectomy or subtotal hysterectomy. The main
complications of surgery are the risk of massive bleeding, blood transfusion, and the possibility of urinary
tract injury. For complicated PAS, planned delayed hysterectomy can reduce the occurrence of
complications to some extent[16]. For the conservative treatment of PAS, leaving the placenta in situ
approach, some additional procedures can assist it, such as gentle attempted removal of the placenta,
methotrexate adjuvant treatment and preventive surgical or radiological uterine devascularization[17].
Selvan Pather and Loïc Sentilhes et al. revealed that the overall success rate of uterine preservation was
60% and 78%, respectively[18, 19]. Regarding the effect of UAE on the treatment of placental implants,
several studies had shown that UAE could reduce bleeding and transfusion[20–22].

In patients with PAS, despite tending to conservative treatment and undergoing UAE treatment, the rate of
hysterectomy is still very high. Therefore, our study is mainly to explore the related factors of
hysterectomy in patients with PAS after UAE.

Materials And Methods

Patient selection
This study was approved by our institutional review board. There were 91 consecutive patients who had
PAS and performed the UAE during treatment at our tertiary care obstetric center (The Third A�liated
Hospital of Guangzhou Medical University) from January 2012 to July 2020. The patients with PAS and
placental residues, who were discharged from a hospital for improvement of conservative treatment and
re-hospitalized with bleeding symptoms one month later since the delivery, were excluded(N = 6). The
remaining 85 patients who had postpartum hemorrhage in one months since the delivery were enrolled in
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our study for analysis. Relative patient data, obstetrical history, blood loss, blood transfusions, diagnostic
imaging, and characteristics of TAE are summarized in Table 1.
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Table 1
Comparison of general clinical data between the two groups

Characteristics Overall hysterectomy(-) hysterectomy(+) p value

  85 N = 70 N = 15  

ages(years)       0.781

30 31 26 5  

=30 54 44 10  

The pregnancy stages       0.876

early pregnancy 3 3 0  

mid-term pregnancy 53 44 9  

late pregnancy 29 23 6  

The number of pregnancy       0.313

History of cesarean section       0.642

yes 61 49 12  

no 24 21 3  

Type of delivery       0.546

cesarean delivery 45 36 9  

vaginal delivery 40 34 6  

Bleeding during the delivery       0.020a

500 ml 51 46 5  

=500 ml 34 24 10  

Blood transfusions(RBC)       0.015a

4u 62 56 6  

=4u 23 15 8  

Timing of intervention       0.638

UAE before delivery 67 54 13  

UAE after delivety 18 16 2  

The placenta type by MRI or US       0.009a

PAS, placenta accreta spectrum; RBC, red blood cell; UAE, uterine artery embolizaton; MRI,magnetic
resonance imaging; US, ultrasound; GSP: gelatin sponge particles; a—statistical signi�cance.
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Characteristics Overall hysterectomy(-) hysterectomy(+) p value

placenta accreta 7 7 0  

placenta increta 66 57 9  

placenta percreta 12 6 6  

Placenta previa       0.013a

yes 56 42 14  

no 29 28 1  

Collateral vessels       0.867

yes 24 19 5  

no 61 51 10  

Type of ovarian artery       0.006a

No 45 40 5  

Unilateral 29 25 4  

Bilateral 11 5 6  

Embolic agents       1.000

GSP alone 75 62 13  

GSP + microcoils 10 8 2  

PAS, placenta accreta spectrum; RBC, red blood cell; UAE, uterine artery embolizaton; MRI,magnetic
resonance imaging; US, ultrasound; GSP: gelatin sponge particles; a—statistical signi�cance.

Diagnosis and treatment
The prenatal diagnosis of PAS in this study was mainly through US or MRI. When ultrasound indicated
suspected PAS, further MRI would be routinely performed to determine the depth and scope of
invasion(as shown in the Fig. 1), unless the patient was in emergency situations such as massive blood
loss and hemodynamic instability. Both US and MR diagnosis of PAS were performed by two physicians
at the deputy director level or above.

For patients with PAS diagnosed by US or MRI before surgery, obstetrical history, diagnostic imaging and
clinical symptoms were used to determine whether to deliver by caesarean section or vaginal delivery.
Patients with a history of cesarean section tended to choose cesarean section to terminate the pregnancy,
except in the early pregnancy and the fetus was small enough, they would try vaginal delivery �rstly and
the cesarean section would be performed immediately to terminate the pregnancy after the failure of
vaginal delivery. For patients with no previous history of cesarean section, tried vaginal delivery �rst, and
performed cesarean section if vaginal delivery failed.
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Regarding the placenta, after the fetus was delivered, had a try to remove the placenta manually. If the
placenta was di�cult to remove the placenta, leave the placenta in the situ and take other conservative
measures.

Hysterectomy depended on the intraoperative evaluation of the depth and scope of placental invasion,
intraoperative blood loss, and basic vital signs of the patient at cesarean section. And hysterectomy was
also performed in patients after the failure of the conservative treatment.

The decision and the time to perform UAE were made after a discussion between the obstetricians and
interventional radiologists. Without retaining fetus, UAE was routinely performed in patients with prenatal
diagnosis of placental implantation or penetration, high-risk factors with PAS, and stable basic vital signs
before the delivery. If the fetus needed to be retained, UAE was performed after the delivery of the fetus. In
addition, UAE was also used as a means of hemostasis for patients who had prenatal diagnosis of
placental accreta but with bleeding after delivery and patients with PAS had a symptom of bleeding after
emergency cesarean section.

Angiography and embolization technique
Emergency digital subtraction angiography and TAE were performed by two interventional radiologists
with more than 25 years of clinical experience. A 5-F vascular sheath was inserted into the right common
femoral artery.

Firstly, the initial aortography was performed at the level of renal arteries with a 5-Fr pigtail catheter
(Terumo Corp., Tokyo, Japan) to identify the uterine artery and/or other potential bleeding sites. A 5-Fr
Yashiro catheter (Terumo Corp., Tokyo, Japan) was introduced over a 0.035-inch guidewire (Terumo Corp.,
Tokyo, Japan) to assess the internal iliac arteries and its branches such as uterine arteries.

Basically, bilateral uterine arteries were selected with a 5-Fr Yashiro catheter or a microcatheter (Terumo
Corp), and the abnormal collaterals found were superselected with microcatheter as much as possible.

Bilateral uterine arteries and abnormal collaterals found are generally embolized with gelatin sponge
(1000–1400 µm or 1400–2000 µm in size; Alicon, Hangzhou, China), meanwhile, microcoils (Cook,
Bloomington, IN, USA) were used for laceration or malformation of blood vessels and proximal occlusion
of thickened blood vessels with abundant blood supply to enhance and supplement the embolization.

The endpoint of embolization was the disappearance of placental staining, signi�cantly decreased blood
�ow in bilateral uterine arteries and abnormal collateral vessels, and no signs of active bleeding during
angiography.

A �nal angiogram was performed in con�rm the occlusion of the target vessel and to identify any other
potential abnormal collateral or bleeding arteries.

In principle, OAE was not performed since OAE was a procedure with unknown effects on fertility and
might affect ovarian function, and we judged that bilateral uterine arteries and existing abnormal
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collaterals were fully embolized based on uterine angiography. In the case of continuous active vaginal
bleeding, an additional UAE or hysterectomy was considered.

According to the initial aortography, the type of ovarian artery was divided into three types; the Type No is
without widened ovarian artery communicating with the uterine artery of a pregnant uterus, the Type
Unilateral is with only unilateral hypertrophic ovarian artery communicating with the uterine artery of
pregnant uterus and the Type Bilateral is with bilateral hypertrophic ovarian artery communicating with
the uterine artery of a pregnant uterus, which was displayed in the Fig. 2.

Statistical analysis
All statistical analyses were performed using SPSS version 26.0 for Windows (IBM, Armonk, NY, USA
statistical software). Continuous data were expressed as means ± SD. Categorical data are expressed as
n (%). Categorical variables were compared using the Chi-square or Fisher’s exact test. Factors for
hysterectomy were evaluated through univariate and multivariate logistic regression analyses. Variables
found signi�cant by univariate logistic regression analysis were considered candidate variables for
multivariate analysis. A two-sided p-value < 0.05 was considered statistically signi�cant.

Results

Patient characteristics
Data from 85 patients (age 20 to 45 years; mean age ± sd, 31 ± 5.9 years) with PAS who met the inclusion
criteria were included in the analyses. The medical records of patients were retrospectively reviewed. Each
subgroup was classi�ed according to the outcome, with 17.6% (N = 15) of cases assigned to the
hysterectomy group and 82.4% (N = 70) of cases assigned to the non-hysterectomy group. Clinical
parameters included age, the pregnancy stages, the number of pregnancy, history of cesarean section, the
type of delivery, bleeding during the delivery, timing of intervention, blood transfusions(RBC), the placenta
type by MR or US, placenta previa, collateral vessels, type of ovarian artery and embolic agents are
summarized in Table 1. Patients were more likely to be performed the hysterectomy surgery with bleeding
during the delivery(more than 500 ml, p = 0.02), blood transfusions(RBC, more than 4 units, p = 0.015),
placenta percreta(p = 0.009) and the type of ovarian artery(the Type Bilateral, p = 0.006).

Logistic regression analysis of factors affecting the rate of
hysterectomy
Univariate analyses the related factors of hysterectomy identi�ed the bleeding during the delivery [odds
ratio (OR), (95% con�dence interval, CI) = 3.83 (1.18–12.49), p = 0.026], the blood transfusions(RBC) [odds
ratio (OR), (95% con�dence interval, CI) = 4.19 (1.31–13.42), p = 0.016], the placenta type by MR or
US(placenta increta vs placenta percreta)[odds ratio (OR), (95% con�dence interval, CI) = 0.16 (0.04–
0.60), p = 0.007], placenta previa[odds ratio (OR), (95% con�dence interval, CI) = 9.33(1.16-75.0), p = 0.036]
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and the type of ovarian artery(Unilateral vs Bilateral)[OR (95% CI) = 0.13 (0.03–0.65), p = 0.013] as
signi�cantly associated with the performance of the hysterectomy(Table 2).

Table 2
Results of logistic analysis of hysterectomy related factors in pregnancy patients with PAS after UAE

Variables Logistic univariate regression Logistic multivariate regression

  RR P value RR(95%CI) P value

Bleeding during the delivery 3.83(1.18–12.49) 0.026a 4.48(1.10-18.31) 0.037a

500 ml        

=500 ml        

Blood transfusions(RBC) 4.19(1.31–13.42) 0.016a — —

4u        

=4u        

The placenta type by MR or US      

placenta accreta 0 0.999 — 0.999

placenta increta 0.16(0.04–0.60) 0.007a 0.13(0.03–0.61) 0.010a

placenta percreta reference 0.025a reference 0.035a

Placenta previa 9.33(1.16-75.0) 0.036a — —

yes        

no        

Type of ovarian artery        

No 0.10(0.02–0.47) 0.003a 0.075(0.012–0.458) 0.005a

Unilateral 0.13(0.03–0.65) 0.013a 0.083(0.013–0.551) 0.010a

Bilateral reference 0.009a reference 0.012a

Logistic multivariate regression with forward likelihood selection; PAS, placenta accreta spectrum;
UAE, uterine artery embolizaton;RR—relative risk;CI—con�dence interval; RBC, red blood cell;
MRI,magnetic resonance imaging; US, Ultrasound; a—statistical signi�cance.

In multivariate logistic regression models as shown in Table 2, bleeding greater than or equal to 500 ml
during the delivery was associated with the higher rate of hysterectomy, with an odds ratio [OR; 95%
con�dence interval (CI)] of 4.48 (1.10–18.31, p = 0.037). Additionally, the placenta type by MR or
US(placenta increta vs placenta percreta) was the clear predictor of hysterectomy with ORs of 0.13(0.03–
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0.61, P = 0.01). Finally the type of ovarian artery(No vs Bilateral, Unilateral vs Bilateral) was signi�cantly
correlated with the rate of the hysterectomy with ORs of 0.075(0.012–0.458, P = 0.005) and 0.083(0.013–
0.551, P = 0.01) respectively, while the blood transfusions and placenta previa were not.

The predictors identi�ed in the multivariate logistic regression analysis were used to construct the
prediction model based on data, and the predictive value of the model was subsequently evaluated. ROC
curves were generated to validate the ability of the logistic model to predict the possibility of
hysterectomy (Fig. 3). The AUC index for the indicators was 0.844.

Characteristics and outcome of TAE
According to the initial aortography, the type of ovarian artery was divided into three types(Table 1); the
Type No was shown in 52.94% patients, the Type Unilateral was shown in 34.12% patients and the Type
Bilateral was shown in 12.94% patients, with a respective hysterectomy rate of 11.1%, 13.8% and 54.5%.

Abnormal collateral vessels communicating with uterine artery were observed on angiography in 24
patients (28.2%) that a patient could have more than one collateral vessel. The abnormal branches of the
internal iliac artery were the most frequent abnormal collateral vessels (n = 13), followed by the inferior
vesical artery (n = 11), internal pudendal artery(n = 3), obturator artery (n = 2), vaginal artery(n = 1) and the
abnormal branches of the external iliac artery(n = 1), which was shown in Table 3.

Table 3
Frequency of the abnormal branches supplying to the

uterus in the patients with PAS
Arteries N

Inferior vesical artery 11

Obturator artery 2

Internal pudendal artery 3

vaginal artery 1

Abnormal branches of the internal iliac artery 13

Abnormal branches of the external iliac artery 1

Total 31

PAS, placenta accreta spectrum; N,number;

Although the TAE was technically successfully performed in the pregnant patients with the PAS, 17.6% of
the patients (15 of 85) had performed a hysterectomy to stop bleeding. Three of the 85 patients
underwent repeat UAE, two of the three successfully stopped bleeding and retained the uterus, and one
had to performed hysterectomy to stop bleeding. 12 patients among the 85 patients developed low-grade
fever 1–2 days after UAE without other serious complications such as infection, severe fever and



Page 11/19

pulmonary embolism. All patients in the non-hysterectomy group recovered their normal menstrual cycle
within 2–3 months after UAE.

Discussion
Our research mainly focused on pregnant patients with PAS. The purpose of the research was to analyze
the relevant clinical factors that affect hysterectomy. Through univariate and multivariate logistic
regression analysis, we found that the rate of hysterectomy was related to the bleeding during the
delivery, the placenta type by MR or US and the type of ovarian artery.

In our research, the rate of hysterectomy in the group with a bleeding volume greater than or equal to
500 ml was 29.4%, while that in the group with a bleeding volume less than 500 ml was 9.8%. There is no
doubt that bleeding is related to hysterectomy for the reason that failure to stop bleeding in time will
result in unstable hemodynamics and even hemorrhagic shock that endangers the patient’s life. Currently,
there is no direct study on the relationship between hysterectomy rate and bleeding in patients with PAS
after the UAE. Previous study had shown that the average bleeding volume of patients with PAS after
successfully retaining the uterus with preoperative UAE was about 400ml[20]. Based on this, it was
speculated that a larger bleeding volume may lead to a bad outcome and a higher hysterectomy rate.

In addition, in our study, we found that the hysterectomy rate of patients with PAS was related to the type
of placenta diagnosed by prenatal MR or ultrasound. We used the MR and US imaging features of PAS
and combined the depth of implantation to divide them into placenta accreta, placenta increta and
placenta percreta. The hysterectomy rate of penetrating placenta accreta was 50%, which was higher
than the hysterectomy rate of placenta increta and placental accreta, which were 15.8%% and 0%
respectively. Some scholars revealed that the depth of placenta implantation was associated with the
severity of outcomes; A large-scale retrospective analysis in China found that the hysterectomy rate for
penetrating placenta accreta was 43.3%, and the hysterectomy rate for placental accreta was 11.2%,
which were statistically signi�cant and similar to our research[23]. Another study also showed the rate of
hysterectomy during cesareans and the total hysterectomy rate were signi�cantly higher in the percreta
than the accreta group (52.9% vs 20.9%, 84.3%vs 23.8%). Compared to our research, the rate of
hysterectomy during cesareans was similar to our study, while the total hysterectomy rate in the percreta
group was quite higher than our results(50%)[24]. It was speculated that this was related to the fact that
the patients included in our study were diagnosed with PAS by US or MR before surgery and trended to
make adequate preparations to prevent severe bleeding, such as UAE, which could reduce the rate of
hysterectomy, to some extent[25]. Moreover, for patients with stable hemodynamics and no life-
threatening bleeding, we preferred to leave the placenta in situ when the implanted placenta could not be
separated from the uterine wall, which could reduce the occurrence of major bleeding that might cause
emergency hysterectomy to a certain extent[26, 27].

In last, our research demonstrated that the ovarian artery �ow de�ned by initial aortography as having
three types was predictive of failure of UAE and the need of hysterectomy. In contrast to the type Bilateral,
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the type No and the type Unilateral had the lower rate of hysterectomy(11.1%vs 54.5%, 13.8%vs 54.5%),
which was statistically signi�cant. At present, no studies have been reported on the blood supply of the
ovaries in patients with placental implants. However, the study of Makoto Aoki et al. revealed that the
ovarian artery �ow might lead to the failure of UAE and the subsequent hysterectomy in patients with
primary postpartum hemorrhage[28]. Similarly, several scholars shown that OAE to be an effective and
safe adjunct to UAE when hypertrophic ovarian artery(ies) require intervention among the patients with
the uterine �broids[29, 30]; Hyun S Kim et al. found that Uteroovarian anastomoses in young patients are
associated with higher rates of repeat intervention after UAE[31]. Several researches above had shown to
a certain extent that the failure of UAE was related to uterine-ovarian anastomosis, especially the ovarian
artery could be greatly dilated during pregnancy to accommodate the increased blood �ow[32]. Based on
this, it was speculated that the bilateral hypertrophic ovarian-uterine anastomosis perhaps had a larger
blood supply to the uterus that was temporarily ischemic due to UAE at early stages, which led to the
failure of UAE and had to perform repeated UAE or hysterectomy to stop bleeding.

Although some patients’ initial aorta angiography showed hypertrophic ovarian-uterine artery
anastomoses, all ovarian arteries were not superselected and embolized for the uncertainty of the
supplementary embolization effect of OAE to UAE and the impact on fertility potential.

In spite of some studies had shown that UAE did not affect the pregnancy rate of patients[33], there were
also some studies that had shown that UAE could increase the rate of PAS, miscarriage in patients and
other Pregnancy complications[34–36]. Especially in pregnant patients who had the hypertrophic ovarian-
uterine artery anastomoses, the embolic material might reach the ovary through the anastomoses so that
ovarian function and fertility might be affected somehow[37, 38].

As for the abnormal branches, although it was not associated with the rate of hysterectomy, 28.2%
(24/85) of patients with PAS in our study had the abnormal branches that supply to the uterus. However,
abnormal branches were present in 39.3% (24/61) of patients with a history of cesarean section, not in
patients without a history of cesarean Sect. 45.83% (11/24) of patients with PAS had more than one
abnormal branch in our study.

The abnormal branch of the internal iliac artery was the most commonly involved artery, accounting for
42% of all abnormal blood branch vessels in our study. The second most common collateral vessel was
the inferior vesical artery, which accounts for 35.5% of all abnormal blood vessels, and the internal
pudendal artery, the obturator artery, the vaginal artery as well as the abnormal branches of the external
iliac artery together accounted for the remaining 22.5%. Cesarean section surgery easily led to adhesion
of the surgical incision and surrounding pelvic tissues. It was speculated that the incision of cesarean
section was related to the abnormal connection of small branches of internal iliac artery. Therefore,
Careful attention should be paid to the collateral vessels when performing UAE for the reason that
patients with a history of cesarean section are more likely to have complicated collateral vessels
supplying the uterus.
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In our study, ten patients used gelatin sponge and microcoils to supplement and strengthen the
embolization effect. One was because of uterine arteriovenous malformations, and the rest was because
of the abundant blood supply to the placenta from uterine arteries.

Regarding the complications of UAE, there were no serious complications such as uterine necrosis,
perforation, and pulmonary embolism in this study. Only 14.1%(12/85)of patients had symptoms of low
fever after UAE.

Our study had several limitations, one of which was its retrospective design. In addition, hematologic
parameters and time interval between delivery and embolization were not included in the analysis.
Furthermore, our study did not have long-term follow-up to evaluate the impact of UAE on fertility and
ovarian function. Nevertheless, one of the strengths of our study was the �rst study to study
hysterectomy-related factors in patients with PAS after the treatment of UAE, this study also revealed the
frequency of abnormal collaterals after cesarean section and included the factors of uterine-ovarian
artery anastomosis to analysis.

Conclusions
In conclusion, among the patients with PAS, even though with UAE, those had the high risk of
hysterectomy with bleeding not less than 500 ml during the delivery, placenta percreta and hypertrophic
ovarian-uterine artery anastomoses. In the patients with the hypertrophic ovarian-uterine artery
anastomoses in the initial abdominal aortography, ovarian artery embolism may be a viable option for
those without re-pregnancy requirements.

Abbreviations
PAS Placenta accreta spectrum; UAE Uterine artery embolization; US Ultrasound; MR Magnetic resonance
imaging; OAE Ovarian artery embolization
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Figures

Figure 1

The abnormal MRI manifestation of placenta accreta, placenta increta and placenta percreta. Figure a: In
the Axial T2-weighted MR image , equal length T2 signals could be seen in the uterine cavity(arrowhead),
and the internal signals were heterogeneous, attached to the right and posterior wall of the uterus, and the
boundary with the local muscle layer was unclear and jagged. Figures b: T2-weighted MR image
displayed the main body of the placenta was attached to the inferior wall-posterior wall of the uterus, and
the internal signal was heterogeneous, with sheet-like low signal in it. The attachment surface between
the lower part of the placenta and the anterior inferior wall of the uterus was not smooth, and the local
blood vessel �ow signal was slightly rich. The muscle layer of the lower part of the uterus becomes thin
and the boundary with the placenta was not clear(arrowhead); Figure c : T2-weighted MR image showed
that the placenta was located in the front and rear lower walls of the uterus, and the signals in the
placenta are uneven, with multiple tortuous dilated blood vessels and banded low signal shadows. The
low signal combined band before the anterior inferior wall of the placenta was interrupted, and the
placental tissue was seen extending into the top wall of the bladder.
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Figure 2

Different types of communication between ovarian artery and uterine artery. Figure a: Type No: uterine
arteriography showed that there is no hypertrophic ovarian artery communicate with the uterine artery;
Figure b: Type Unilateral: uterine arteriography shows that there is a unilateral hypertrophic ovarian artery
communicating with the uterine artery; Figure c: Type Bilateral: uterine arteriography shows that there are
bilateral hypertrophic ovarian arteries communicating with the uterine artery.
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Figure 3

Predictive ROC curve of hysterectomy based on logic model. ROC curve were performed to predict
whether the hysterectomy will occur based on the logit models. The AUC index was 0.844.


