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	 Background:	 The aim of this study was to compare the clinical efficacy and postoperative recovery between uterine artery 
embolization (UAE) and infrarenal aortic balloon occlusion (IABO) in planned cesarean sections for placenta ac-
creta spectrum disorders.

	 Material/Methods:	 A retrospective analysis using the clinical data of 62 patients with placenta previa combined with placenta ac-
creta for planned cesarean between January 2014 and December 2019 was performed at the First People’s 
Hospital in Lianyungang. Thirty-five cases undergoing UAE during cesarean section were defined as group A, 
while the other 27 cases undergoing IABO were defined as group B. Intraoperative and postoperative param-
eters including intraoperative blood loss, blood transfusion volume, radiation duration, radiation dose, hyster-
ectomy rate, operation duration, Intensive Care Unit hospitalization, complications, and neonatal outcomes as 
well as the maternal recovery during follow-up were compared between the 2 groups.

	 Results:	 Intraoperative blood loss, transfusion volume, radiation time, radiation dose, hysterectomy rate, duration of 
surgery, Intensive Care Unit admission, and complications were higher in group A than group B, with differ-
ences being statistically significant (P<0.05). There were no significant differences in birth weight, 1-min Apgar 
score, neonatal asphyxia rate, admission to Neonatal Intensive Care Unit, breastfeeding time, duration of post-
partum lochia, and data related to menstruation between the 2 groups (P>0.05).

	 Conclusions:	 IABO, which was more effective than UAE in cesarean section of patients with placenta accreta spectrum, could 
be further applied in treatment.
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Background

The term placenta accreta was first introduced in 1908 by 
Baisch [1], and modern pathologists define this abnormali-
ty as a spectrum disorder. A newer and more accurate term, 
placenta accreta spectrum (PAS) disorders, which include ab-
normal adherence and invasive placenta, is now used world-
wide [2]. The 2018 International Federation of Gynecology 
and Obstetrics (FIGO) has classified 3 subtypes depending on 
the depth of invasion of placental tissue: placenta accreta (at-
tachment to the superficial myometrium), placenta increta (in-
vasion into the deeper myometrium), and placenta percreta 
(penetration through the uterus serosa with or without infil-
tration of adjacent pelvic organs) [3]. The term “accreta” was 
once the common term for all 3 conditions. Placenta percreta 
is the rarest and most severe condition, and it carries the risk 
of severe postpartum hemorrhage (PPH). Severe PPH may be 
associated with massive transfusion requirements, hysterec-
tomy, disseminated intravascular coagulation, surgical compli-
cations, multi-organ failure, and death [4]. Major risk factors 
are previous cesarean section, advanced maternal age, mul-
tiparity, and a history of endouterine maneuvers. A history of 
previous cesarean section and placenta previa are the most 
common risk factors for PAS [3].

The incidence of PAS shows an obviously increasing trend in 
China, given continuously increasing cesarean section rates and 
women choosing to have a second pregnancy following imple-
mentation of a policy allowing families to have 2 children [5]. 
In PAS, the abnormal placenta is frequently supplied by exten-
sive arterial collaterals, including the uterine artery; the ovari-
an, cervical, and vaginal artery system; and the lumbar, sacral, 
mesenteric, and iliolumbar arteries. Arterial anastomosis of the 
external iliac artery is also possible [6,7]. Therefore, cesarean 
section for patients with PAS is extremely complex and uncon-
trolled hemorrhage often occurs. Hysterectomy was once the 
only choice of treatment to save the lives of patients [8]. How 
to reduce the amount of intraoperative bleeding, stop bleed-
ing quickly and effectively, and retain the fertility function has 
become a pressing problem for obstetricians.

With the rapid development of interventional medicine, inter-
ventional therapy has played an increasingly important role in 
the multidisciplinary treatment of PAS [9-15], including inter-
nal iliac artery embolization, uterine artery embolization, in-
ternal iliac artery balloon block, and abdominal aortic balloon 
block. However, the curative effects of some techniques are 
limited due to extensive collateral blood supply in the uterus 
of PAS patients. Interventional technologies in cesarean sec-
tion for PAS have been applied in our hospital since 2012 and 
are widely used in clinical practice now. Uterine artery embo-
lization (UAE) and infrarenal aortic balloon occlusion (IABO) 
are the most common auxiliary surgical methods. By limiting 

uterine blood perfusion, good therapeutic effects have been 
achieved clinically. Previous clinical studies have not yielded 
definite conclusions about comparisons between UAE and IABO, 
and our study is therefore designed to compare their intraop-
erative efficacy and postpartum recovery, so as to provide ev-
idence for the treatment of patients with PAS.

Material and Methods

Data Collection and Follow-Up

The study was designed as a retrospective study and was ap-
proved by the Institutional Review Board at the First People’s 
Hospital of Lianyungang. Informed signed consent was ob-
tained from each patient involved in this study.

From January 2014 to December 2019, the database of our in-
stitution was retrospectively reviewed to identify all cases of 
PAS. The inclusion criteria were as follows: (1) diagnosis of pla-
centa previa combined with placenta accreta by ultrasonogra-
phy and magnetic resonance imaging preoperatively and con-
firmed by pathological diagnosis postoperatively; (2) a history 
of at least 1 uterine low segment cesarean delivery; (3) under-
went UAE or IABO during cesarean delivery; and (4) all patients 
included underwent the planned cesarean section. Exclusion 
criteria included (1) unstable vital signs caused by preopera-
tive hemorrhage; (2) patients with severe medical and surgi-
cal diseases, severe dysfunction of heart, liver, and kidney, and 
abnormal coagulation function; (3) patients with other com-
plications of pregnancy; and (4) patients with contrast agent 
allergy. Finally, 62 cases of PAS were collected. Thirty-five cas-
es of UAE during cesarean section were defined as group A, 
while 27 cases of IABO were defined as group B.

Clinical data were obtained in the procedure as well as during 
follow-up and reviewed, including intraoperative bleeding vol-
ume, transfusion volume, operation time, radiation time, radi-
ation dose, postoperative hospitalization stay, Intensive Care 
Unit (ICU) admission, hysterectomy rate, complications (eg, 
pain, fever, numbness, thrombosis), neonatal weight, 1-min 
Apgar score, Neonatal Intensive Care Unit (NICU) admission, 
duration of breastfeeding, duration of lochia, uterine involu-
tion, pelvic ultrasound, menstrual recovery time, first post-
partum menstrual volume, the time of normal menstrual vol-
ume, menstrual cycle, duration of menstruation, and chronic 
pelvic pains.

Operational Procedure

A multidisciplinary team for treating PAS, including senior ob-
stetricians, gynecologists, radiologist, vascular surgeons, anes-
thesiologists, neonatologists, urologists, and blood transfusion 
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physicians, had a preoperative discussion. All operations were 
performed in a hybrid operating room.

In group A, the right femoral artery was punctured with 5F 
vascular sheaths after local anesthesia. The catheters were 
super-selectively inserted into bilateral uterine arteries and 
reserved. Cesarean section was done under general anesthe-
sia. The uterine incision margin was clamped immediately af-
ter delivery, and gauze was placed in the lower segment of 
the uterus to reduce bleeding. Then uterine artery emboliza-
tion was performed. Gelatin sponge particles (1000-1400 μm, 
Ellicon Pharmaceutical Technology Co., Ltd., China) were pushed 
slowly along the catheter in the bilateral uterine arteries un-
der fluoroscopy until embolization was completed. The max-
imum dosage was 800 mg in this study. Attempts were then 
made to remove the placenta manually. Various surgical meth-
ods were used to reduce bleeding, such as local suture, gauze 
filling, B-Lynch suture, and so forth. According to the intraop-
erative conditions, a hysterectomy would be performed if nec-
essary. After the operation, the puncture point was bandaged 
with pressure and the lower limbs were immobilized for 24 h.

In group B, the left brachial artery was exposed by skin inci-
sion after local anesthesia. The guide wire and catheter were 

descended along the left subclavian artery, descending aor-
ta, and abdominal aorta to the upper part of the common il-
iac artery bifurcation and below the level of the renal artery. 
After removing the sheath tube, a fully compliant balloon 
(AB46, Medtronic, Santa Rosa, Calif.) was placed to L3-4 level 
(Figure 1). Normal saline was injected to inflate the balloon 
until the patient’s foot pulse disappeared, indicating that the 
abdominal aorta had been successfully blocked. The balloon 
was deflated, and the amount of liquid used was recorded. 
The cesarean section was then performed under general an-
esthesia. The balloon was inflated just before the uterus was 
incised for delivery (Figure 2). Attempts were made to remove 
the placenta manually. If removal was difficult or the hemo-
static effect was not satisfactory, local excision of placenta and 
uterine tissue was performed, and the defect was subsequent-
ly repaired. If the placenta invaded or penetrated the uterine 
wall in a large area, hysterectomy would be performed direct-
ly. The balloon would be deflated for 1 min every 20 min un-
til uterine surgery was completed. Clinical application gener-
ally needed 2-3 cycles in our hospital.

The principle of uterine incision selection was to avoid pla-
cental attachment to prevent massive bleeding. Preoperative 
ultrasound could identify the upper edge of the placenta and 

Figure 1. �The image shows the balloon placed in a 
predetermined position in the abdominal aorta.

Figure 2. �The image shows the filled balloon blocking the 
abdominal aorta.
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help guide abdominal and uterine incision. If the placenta 
was anterior and extended to the umbilical level, the uterus 
had to be incised high above the placenta or, more common-
ly, a transverse incision at the uterine base was made to fa-
cilitate removal of the baby. When the placenta was about to 
be removed or completely separated, uterotonic drugs were 
used based on the uterine contractions. Commonly used 
drugs were oxytocin, Herba Leonuri, and carboprost trometh-
amine. Uterotonic drugs were not used when hysterectomy 
was planned in patients with advanced uterine serosa perfo-
ration or bladder invasion.

Statistical Analysis

SPSS 24 (SPSS, Inc., Chicago, IL, USA) was used for statistical 
analysis. Continuous variables in a Gaussian distribution are 
expressed as means±standard deviations. Categorical variables 
are presented as numbers and proportions, and they were an-
alyzed using chi-square or Fisher’s exact tests, as appropriate. 
Continuous variables between groups were compared using 
the 2-tailed t test. P value <0.05 was considered significant.

Results

Patient Characteristics

Sixty-two cases of placenta previa combined with placenta ac-
creta were collected. Thirty-five cases of UAE during cesarean 
section were defined as group A, while the 27 cases of IABO 
were defined as group B. There were no significant differences 
between the 2 groups in age, gestational age, number of preg-
nancies, and number of deliveries (P>0.05), as shown in Table 1.

Hospitalization Data

The intraoperative bleeding volume, transfusion volume, op-
eration time, radiation time, and radiation dose were higher 
in group A than in group B (Table 2), and the difference was 
statistically significant (P<0.05).

The hospitalization time, ICU admission, and hysterectomy 
rate were higher in group A than in group B (P<0.05). In group 
A, 10 cases (28.57%) had complications, including abdominal 

Parameters Group A (n=35) Group B (n=27) t P

Age, y 	 33.11±3.73 	 33.63±3.28 -0.568 0.572

Gestational weeks 	 35.89±1.62 	 36.39±1.62 -1.119 0.235

Number of pregnancies 	 3.91±1.36 	 3.63±1.12 0.883 0.381

Number of deliveries 	 1.31±0.47 	 1.26±0.45 0.466 0.643

Table 1. General comparison of the 2 groups.

Parameters Group A (n=35) Group B (n=27) t/c2 P

Operative time, min 	 138.14±22.03 	 98.89±19.68 7.282 <0.001

Amount of bleeding, mL 	 1691.43±479.81 	 940.74±381.55 6.662 <0.001

Transfusion volume, mL 	 854.29±337.24 	 325.93±364.37 5.906 <0.001

Radiation time, s 	 62.63±15.19 	 8.19±2.57 18.389 <0.001

Radiation dosage, mGy 	 32.86±4.84 	 5.30±1.51 28.489 <0.001

Hospital stay, d 	 6.51±1.74 	 5.07±0.99 3.841 <0.001

ICU admission, n (%) 	 13	 (37.14) 	 3	 (11.11) 5.395 0.020

Hysterectomy, n (%) 	 8	 (22.86) 	 1	 (3.70) 4.506 0.034

Postoperative complications, n (%) 	 10	 (28.57) 	 2	 (7.40) 4.374 0.036

Birth weight, g 	 2882.54±411.07 	 2951.11±485.57 -0.602 0.550

Apgar score, score 	 8.46±1.09 	 8.74±1.23 -0.960 0.341

Neonatal asphyxia, n (%) 	 5	 (14.29) 	 3	 (11.11) 0.137 0.712

NICU admission, n (%) 	 5	 (14.29) 	 4	 (14.81) 0.003 0.953

Table 2. Comparison of intraoperative and postoperative conditions between the 2 groups.

ICU – Intensive Care Unit; NICU – Neonatal Intensive Care Unit.
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pain in 5 cases, fever in 2 cases, buttock numbness in 2 cases, 
and femoral artery thrombosis in 1 case. In group B, abdomi-
nal pain occurred in 2 cases (7.40%). The difference of the in-
cidence of complications between the 2 groups was statisti-
cally significant (P<0.05).

There was no significant difference in birth weight, 1-min 
Apgar score, neonatal asphyxia rate, and NICU admission rate 
between the 2 groups (P>0.05). More detailed information is 
summarized in Table 2.

Follow-Up

Six out of 62 patients were lost to follow-up, 4 in group A 
and 2 in group B. The remaining patients breastfed for 6-18 
months, and the duration of lochia was within the normal 
range, with no significant difference between the 2 groups 
(P>0.05). Physical examination of 47 cases (excluding 9 cas-
es of hysterectomy) at 42 days postpartum indicated that the 
uterus had healed well. Ultrasound examination showed di-
verticulum in the uterine scar in 3 cases, including 2 in group 
A and 1 in group B. No special treatment was done because 
menstruation was restored and no abnormality was observed. 
The menstrual cycle, menstrual period, and menstrual volume 
of 45 cases had no significant change compared with those 
before pregnancy. In group A, the menstrual volume of 2 cas-
es decreased significantly, which was half of the original men-
strual volume. The incidence of chronic pelvic pain in group 
A was higher than that in group B (P<0.05). More detailed in-
formation is summarized in Tables 3 and 4.

Discussion

Postpartum hemorrhage is the most common obstetric com-
plication and the leading cause of maternal death in China. 
If the bleeding cannot be stopped by conservative treatment, 
surgery and interventional therapy or even hysterectomy are 
necessary [12,16]. The most important risk of PAS is intracta-
ble postpartum hemorrhage. Kassem and Alzahrani [17] found 
that the average amount of bleeding in patients with PAS was 
about 3000 mL, with bleeding in 20% of the patients exceed-
ing 5000 mL. Some experts once thought that cesarean sec-
tion combined with hysterectomy was the best way to treat 
placenta previa [11]. Minimizing the risk of bleeding, shock, 
disseminated intravascular coagulation, organ loss, and ma-
ternal mortality requires the collaboration of obstetricians, ra-
diologist, vascular surgeons, anesthesiologists, neonatologists, 
and urologists. In recent decades, endovascular interventions 
have been used in the treatment of PAS to reduce intraopera-
tive bleeding and hysterectomy rate. Due to collateral arteri-
al blood supply of the abnormal placenta and extensive intra-
pelvic vascular anastomosis, the curative effect is limited for 
methods such as internal iliac artery balloon occlusion [18]. In 
this regard, greater benefit is expected from balloon occlusion 
of the common iliac artery; however, lower extremity arterial 
thrombosis and common iliac artery dissection and other se-
rious complications have also been reported [19,20].

Interventional techniques for PAS patients have been used in 
our hospital since 2012. UAE and IABO are the most common 
auxiliary methods at present, and they have achieved good 
therapeutic effects in clinical practice [10,21]. By analyzing 
the cases admitted to our hospital in recent years, we found 

Parameters Group A (n=31) Group B (n=25) t/c2 P

Breastfeeding time mo 	 10.63±2.78 	 10.08±2.64 0.752 0.456

Chronic pelvic pain, n (%) 	 5	 (16.13) 	 0	 (0) 4.428 0.035

Table 3. Comparison of breastfeeding time and chronic pelvic pain between the 2 groups.

Parameters Group A (n=23) Group B (n=24) t P

Duration of lochia, d 	 29.04±6.61 	 28.75±5.99 0.160 0.874

Menstrual resurgence time, mo 	 6.21±1.85 	 6.68±1.98 -0.727 0.471

F/N 	 1.42±0.61 	 1.31±0.58 0.654 0.517

RNM 	 2.22±0.95 	 2.00±0.98 0.772 0.444

Menstrual cycle length, d 	 30.04±3.46 	 30.75±4.47 -0.605 0.548

Duration of menstruation, d 	 5.17±0.89 	 5.29±0.99 -0.427 0.672

Table 4. Comparison of menstruation-related conditions between the 2 groups.

F/N – first menstrual volume after operation/normal menstrual volume; RNM – menstrual cycle frequency needed to restore normal 
menstrual volume.
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that group B was superior to group A in control of bleeding 
volume, reduced blood transfusion volume, shortened opera-
tion time and hospitalization days, reduced radiation time and 
dosage, as well as lower rates of hysterectomy, postoperative 
complications, and ICU admission (P<0.05). IABO provides a 
more proximal occlusion that blocks the infrarenal blood sup-
ply to the placenta. There was no significant difference in birth 
weight, 1-min Apgar score, and NICU admission between the 
2 groups, indicating that the 2 surgical methods had no sig-
nificant effect on neonatal prognosis.

No data are currently available about menstrual recovery and 
ovarian function after interventional therapy. The blood sup-
ply of the ovary comes from the ovarian artery and the as-
cending branch of the uterine artery, the former from the ab-
dominal aorta and the latter from the anterior branch of the 
internal iliac artery. Theoretically, interventional therapy may 
affect the blood supply of the ovary to some extent, possi-
bly leading to menstrual disorders. However, in this study, we 
used gelatin sponge particles with effective biocompatibility 
as a medium-effective embolic agent that would dissolve and 
be absorbed 2-3 weeks after embolization, so that blood flow 
could be restored. Through follow-up, we found no significant 
difference in menstruation-related indicators between the 2 
groups, indicating that the 2 treatment methods had no sig-
nificant effect on puerperal ovarian function. Chronic pelvic 
pain was significantly higher in group A than in group B, and 
menstrual volume in 2 cases was significantly reduced, which 
may have been related to incomplete dissolution and absorp-
tion after embolization, leading to uterine ischemia and ne-
crosis. However, balloon occlusion was temporary and had no 
significant effect on the ovary or uterus.

During operation, we observed that hemorrhage was signifi-
cantly reduced in the surgical field of the 2 interventional meth-
ods, which subjectively confirmed the effectiveness of our radi-
ology technology. Previous studies also pointed out that these 
2 methods were effective in controlling bleeding in placenta 
accreta [10,14,15]. However, there are few studies comparing 
the 2 techniques. In our study, IABO produced better results 
than UAE. The possible explanation may be the collateral cir-
culation. The abnormal placenta is frequently supplied by ex-
tensive arterial collaterals, including the uterine artery; the 
ovarian, cervical, and vaginal artery system; and the lumbar, 
sacral, mesenteric, and iliolumbar arteries. Arterial anastomo-
sis of the external iliac artery is also possible [6,7]. After embo-
lization of the uterine artery, collateral vessels can continue to 
provide blood supply to the placenta, while occlusion of infra-
renal aorta can block most of the collateral vessels, including 
the inferior mesenteric artery and its lateral branches, the bi-
lateral external and internal iliac arteries. Obstetricians were 
able to suture the bleeding point at the placental attachment 
site more easily in a bloodless operation field. Furthermore, 

because the balloon was inflated for 20 min and deflated for 
1 min alternately, the bleeding point could be easily found.

The International Committee on Radiation Protection states 
that fetal exposure to an X-ray dose of less than 100 mGy will 
not cause any dysfunction of the fetus [22,23]. In our study, 
irradiation doses in both groups were lower than that dose. 
The irradiation dose of the IABO group was lower, indicating 
that it was safer. Andoh et al [24] suggested that the occlusion 
time of abdominal aorta should be within 25 min, while other 
researcher have indicated that the time should be within 40 
min [14,25]. Considering individual differences, the occlusion 
time of blood flow should be minimized during the operation. 
In the current study, the balloon was deflated for 1 min every 
20 min until uterine surgery was completed. Neither ischemic 
necrosis nor reperfusion injury of tissues and organs was ob-
served with such transient flow blockage. The Medtronic AB46 
balloon offers complete compliance, which can make the bal-
loon easily conform to the shape of the blood vessel during its 
filling period. While completely blocking the abdominal aorta, 
the injury to the intima of the artery caused by the balloon 
was minimized. Eight patients in the UAE group and 1 patient 
in the IABO group underwent hysterectomy due to massive 
bleeding during the operation. Intravascular occlusion of the 
uterine artery was ineffective in some types of obstetric bleed-
ing. The abnormal placenta was frequently supplied by exten-
sive arterial collaterals. These failures may be associated with 
an extrauterine branch, such as the internal pudendal artery 
or some of its branches [7]. Understanding of the uterine-vag-
inal anastomotic system and improvement of interventional 
techniques will greatly help to improve the curative effect of 
selective devascularization.

It should be emphasized that this procedure is not perfect. The 
severity of the disease, the level of local medical care, and the 
willingness of patients to retain fertility should be taken into 
consideration. In some cases with uterine serous perforation 
or bladder invasion, hysterectomy with interventional assis-
tance may reduce bleeding even if the uterus cannot be con-
served. No matter what kind of intervention measures are tak-
en, the purpose is to reduce the intraoperative blood loss and 
strive for the surgeon’s suture operation time. Interventional 
technology is only auxiliary, and surgical expertise is needed to 
control massive hemorrhage. Compared with a single obstet-
ric intervention mode, the involvement of a multidisciplinary 
team can reduce the incidence of complications and maternal 
mortality in PAS disorders to a large extent.

Conclusions

Compared with uterine artery embolization, IABO has signifi-
cant advantages in the operation for placenta previa combined 
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with placenta accreta. Current evidence is insufficient to rec-
ommend the routine use of IABO technology to control intra-
operative hemorrhage in patients with PAS. To support the 
conclusion effectively, a prospective and random study on a 
large sample is needed.
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