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Abstract

Background Caesarean scar pregnancy (CSP) is a special type of ectopic pregnancy with a high risk of massive
haemorrhage. Few studies have focused on the efficacy of prophylactic abdominal aortic balloon occlusion as
a minimally invasive method in caesarean section. This study aimed to evaluate the effectiveness and safety of
prophylactic abdominal aortic balloon occlusion for patients with type IIl CSP.

Methods This was a prospective cohort study. Patients with type Ill CSP in the First Affiliated Hospital of Zhengzhou
University from January 2020 to June 2022 were enrolled. Eligible patients received prophylactic abdominal

aortic balloon occlusion (defined as the AABO group) or uterine artery embolization (defined as the UAE group)
before laparoscopic surgery. Clinical outcomes included intraoperative blood loss, body surface radiation dose,
hospitalization expenses, and time to serum 3-hCG normalization, and safety were also assessed.

Results A total of 68 patients met the criteria for the study, of whom 34 patients were in the AABO group and

34 patients were in the UAE group. The median intraoperative blood loss in the AABO and UAE groups was 17.5
(interquartile ranges [IQR]: 10, 45) and 10 (IQR: 6.25, 20) mL, respectively (P=0.264). The body surface radiation dose
of the AABO group was much lower than that of the UAE group (5.22+0.44 vs. 1441.85+ 11.59 mGy, P<0.001). The
AABO group also had lower hospitalization expenses than the UAE group (242+0.51 vs. 3.42+0.85 *10A5 yuan,
P<0.001). The average time to serum 3-hCG normalization in the AABO group was 28.9+3.21 d, which was similar to
that in the UAE group (30.3+3.72 d, P=0.099). In addition, the incidence of adverse events in the AABO group was
lower than that in the UAE group (5.9% vs. 58.8%, P<0.001).

Conclusion Prophylactic AABO was equally as effective as UAE in patients with type IIl CSP but was safer than UAE
during and after the operation.
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Introduction

Caesarean scar pregnancy (CSP) is characterized by the
presence of a gestational sac embedded in the scar from
a prior caesarean delivery [1]. The prevalence of CSP
ranges from approximately 1:2000 to 1:1800 in early
pregnancy [2], and CSP accounts for 6.1% of all ectopic
pregnancies in women who have had a prior caesarean
section [3]. CSP can be divided into three types (type
I, type II, and type III) according to the 2016 Chinese
Expert Opinion [4]. Type III CSP was defined as gesta-
tional sacs that were completely implanted in the myo-
metrium of the uterine scar, protruding towards the
bladder or forming an amorphous mass with rich vascu-
larity in the caesarean scar, with a myometrium between
the gestational sac and the bladder measuring less than
3 mm in thickness. Type III CSP increases the risks of
uterine rupture, massive haemorrhage, hysterectomy,
and maternal mortality [5].

Termination of CSP is required. A variety of thera-
peutic strategies have been described for managing CSP,
including drugs, uterine artery embolization (UAE),
curettage, and laparoscopic or transvaginal surgery
[6]. Haemostasis and fertility preservation are the main
objectives of CSP management. According to the Chinese
Expert Opinion, patients with type III CSP are prone to
massive bleeding or even uterine rupture in early preg-
nancy, which is extremely dangerous, especially for
mass-type CSP [4]. Due to the risk of severe intraopera-
tive blood loss, prophylactic interventional therapy is the
most effective measure, followed by sonoscopic surgery
[7].

Increasing evidence suggests that UAE can be mini-
mally invasive in CSP in that it can be performed with
laparoscopy, hysteroscopy, or local resection [8, 9]. UAE
preconditioning can effectively block blood vessels, thus
greatly reducing the risk of bleeding and preserving
normal reproductive function [10]. However, the inci-
dence of adverse events is reported to be 8.0-51.7% [11],
commonly including large-area uterine necrosis, post-
operative pain, bladder or rectum necrosis, premature
ovarian failure, and postembolization amenorrhea [12].
Abdominal aortic balloon occlusion (AABO), an impor-
tant method to temporarily and mechanically occlude
the blood supply, has been widely used to stop massive
bleeding in obstetric surgery [13, 14]. Studies have shown
that prophylactic AABO can effectively control intraop-
erative and postoperative blood loss and reduce the risk
of adverse events in patients with placenta previa who are
planned for caesarean Sects. [15—17]. However, there is
a lack of medical evidence supporting the effectiveness
and safety of UAE and AABO for patients with type III
CSP. An evidence-based comparison between AABO and
UAE may aid proper selection of pretreatment methods
for patients with CSP.
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This study aimed to evaluate the effectiveness and
safety of prophylactic AABO and UAE for patients with
type 111 CSP.

Methods

Study design

This was a prospective cohort study. Patients with CSP
were enrolled from January 2020 to June 2022 at the First
Affiliated Hospital of Zhengzhou University. The inclu-
sion criteria were as follows: (1) aged 18 years or older;
(2) 3-16 weeks of gestation; (3) diagnosis and confirma-
tion of type III CSP (described as the presence of a ges-
tational sac completely implanted in the myometrium
of the uterine scar and protruding towards the bladder,
and the myometrium between the gestational sac and
the bladder is <3 mm in thickness or missing) by both
transvaginal colour Doppler sonography (TVCDS) and
MRI. The exclusion criteria were as follows: (1) presence
of severe vaginal bleeding (emergency); (2) previous his-
tory of uterine surgery other than caesarean section; (3)
unsuitable conditions making the patient ineligible for
hysteroscopic surgery, including bleeding disorder and
impaired renal or hepatic function; and (4) refusal to par-
ticipate in the study. Eligible patients were assigned to the
AABO group or the UAE group based on the precondi-
tioning regimen they received.

This study was approved by the institutional review
board of the ethics committee of the First Affiliated
Hospital of Zhengzhou University (2021-KY-0209-004).
Written informed consent forms were obtained from
each enrolled patient.

Procedure

All patients underwent standardized procedures to
resolve the caesarean section scar pregnancy. All patients
underwent laparoscopic removal of gestational tissues
and repair of uterine caesarean scar defects after prophy-
lactic UAE or AABO. Balloon tamponade and UAE were
performed by the same radiologist and the same assis-
tants. All operations were performed by the same sur-
geon and the same surgical assistants and nurses using
endoscopic instruments.

Patients with type III CSP in the AABO group were
treated with abdominal aortic balloon occlusion prepo-
sitioning under digital subtraction angiography (DSA)
while undergoing hysteroscopy and negative pressure
suction. Under local anaesthesia, femoral artery punc-
ture was performed, an 8 F sheath tube was inserted,
and abdominal aortography was performed through the
sheath tube. The morphology of the abdominal aorta
was clear, and the openings of the double renal arteries
and the bifurcation of the common iliac arteries were
defined. A 14 mm*10 mm Fogarty balloon catheter was
placed into the sheath and inserted into the abdominal
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aorta below the opening of the renal artery, and the
artery sheath and balloon catheter were fixed. The occlu-
sion was observed after localization. The balloon was
filled with diluted contrast agent, and abdominal aortic
angiography was performed in parallel to show complete
occlusion of abdominal aortic blood flow and smooth
blood flow into the bilateral renal arteries. The focus was
removed under hysteroscopy or laparoscopy immediately
after the operation. During the operation, the balloon was
filled intermittently to block the abdominal aorta blood
flow. The balloon was filled for no more than 30 min at
more than 10 min intervals [18]. After the operation, the
balloon was withdrawn, the femoral artery puncture site
was sutured and pressurized for 12 h, and the lower limb
was immobilized for 6 h. Figure 1A shows the AABO.

Patients with type III CSP in the UAE group were
treated under DSA. Bilateral internal iliac artery and
uterine artery angiography procedures were performed
through unilateral femoral artery puncture. Catheters
were inserted into the bilateral uterine arteries superse-
lectively, and an appropriate amount of gelatine sponge
granules was embolized into the peripheral vessels of the
bilateral uterine artery. After embolization, the femoral
artery puncture site was sutured and then pressure ban-
daged for 24 h. Hysteroscopy or laparoscopy combined
with debridement was performed 1-3 days after uterine
artery embolization. Figure 1B shows the UAE.

Follow-up

The serum P-human chorionic gonadotropin (B-hCG)
level was monitored weekly until it returned to a normal
level (defined as a level of less than or equal to 5 mIU/
mL). The serum levels of follicle-stimulating hormone
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(FSH), luteinizing hormone (LH) and oestradiol (E2)
were assessed six months after surgery.

Outcomes

The clinical outcomes included intraoperative blood loss,
time under DSA, body surface radiation dose, duration of
surgery, postoperative serum -hCG level, hospitalization
expenses, duration of hospital stay, time to serum p-hCG
normalization, and safety. The serum levels of FSH, LH,
and E2 six months after surgery were also included.

The assessment of adverse events included the occur-
rence of postoperative postembolization syndrome and
decreased menstruation or amenorrhea six months after
surgery. Postembolization syndrome was defined by
the occurrence of pelvic pain, nausea, vomiting, fever,
and perineal swelling [19]. Decreased menstruation is
defined as a reduction in the total menstrual volume to
less than half of the preoperative volume. Severe adverse
events included massive haemorrhage (>500 mL) and/or
hysterectomy.

Statistical analysis

The data analysis was conducted by IBM SPSS software
version 26.0 (IBMCorp., Armonk, N.Y., USA). Continu-
ous variables with normal distribution were reported
as the meantstandard deviation and compared by Stu-
dent’s t tests between two groups. Continuous variables
with nonnormal distributions were expressed as medians
(interquartile ranges [IQR]) and compared by the Mann-
Whitney U test. Categorical variables are reported as
numbers (%) and were compared by the chi-square test
or Fisher’s exact test. A P value<0.05 was considered sta-
tistically significant.

Fig. 1 Representative images from the two groups. (A) abdominal aortic balloon occusion (OOAB); (B) uterine artery embolization (UAE).
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73 patients assessed for eligibility

5 patients excluded

A 4

3 did not meet eligibility
2 withdraw consent

68 patients enrolled the study

A

A4

34 patients received abdominal
aortic balloon occlusion
(defined as AABO group)

34 patients received uterine
artery embolization
(defined as UAE group)

Fig. 2 Flowchart of study

Table 1 Baseline characteristics

AABO group  UAE group P
(n=34) (n=34)
Age, n (%)
<35 years 19 (55.9) 23 (67.6) 0.318
>35 years 15 (44.1) 11(324)
Gestational age (weeks) 73(6.5,94) 7.3(6.3,80) 0.332
Body mass index (kg/mz) 24.0(22.1,26.8) 24.1(22.2,255) 0.695
Gravidity*, n (%) 0.808
<4 19 (55.9) 18 (52.9)
>4 15 (44.1) 16 (47.1)
Parity, n (%) 0.595
1 11 (324) 9(26.5)
>1 23(67.6) 25(73.5)
Prior cesarean section, n (%) 1.000
1 14 (41.2) 14 (41.2)
>1 20 (58.8) 20 (58.8)
Time interval from previous  36.6 (30,52.2) 384 (27.6,552) 0.749
cesarean section (m)
B-HCG before treatment 35,805 34,175 0.806
(mlU/mL) (19760.5, (12,320, 61,221)
69831.5)
Gestational sac diameter 24.5(20.0,26.0) 24.0(20.0,250) 0492
(mm)
Embryonic bud length (mm)  10.0(9.0,12.0) 10.0(9.0,12.0) 0533
Embryonic heartbeat, n (%)
Yes 34(100) 34 (100) /

* Includes the current caesarean section pregnancy

Results

Patients and baseline characteristics

A total of 73 patients with a confirmed diagnosis of
type III CSP between January 2020 and June 2022 were
enrolled, of whom 5 were excluded. Finally, 68 patients
were enrolled and randomized in a 1:1 ratio to the AABO
group (34 patients) or the UAE group (34 patients)
(Fig. 2).

The baseline characteristics of the two groups were well
balanced (Table 1). The average age of the patients was
33.79+4.63 years in the AABO group and 32.59+4.32
years the UAE group. Fifteen patients (44.1%) in the
AABO group and 11 patients (32.4%) in the UAE group
were older than 35 years of age. The median B-hCG lev-
els before treatment were 35,805 (IQR: 19760.5, 69831.5)
and 34,175 (IQR: 12,320, 61,221) in the AABO and UAE
groups, respectively. There was no difference in the diam-
eter of the gestational sac, length of the embryonic bud,
or embryonic heart rate (Table 1).

Intraoperative conditions

The operation was successful in both groups. The median
intraoperative blood loss volume in the AABO and UAE
groups was 17.5 (IQR: 10, 45) and 10 (IQR: 6.25, 20)
mlL, respectively (P=0.264). The duration of surgery in
the AABO group and UAE group was 35.5 (IQR: 23.25,
50.75) min and 31.5 (IQR: 20, 54.25) min, respectively
(P=0.300). The time under DSA in the AABO group was
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Table 2 Intraoperative and postoperative conditions of AABO

and UAE
AABO UAE group P
group (n=34)
(n=34)
Intraoperative
Intraoperative blood loss 17.5(10,45) 10(6.25, 20) 0.264
(mL)
Time under DSA (s) 7(6,7.75) 1140 (1097.75,  <0.001
1160)
Body surface radiation dose ~ 5.22+0.44 144185+1159 <0.001
(mGy)
Durations of surgery (min) 3552325, 31.5(20,54.25) 0.300
50.75)
Postoperative
Postoperative serum 3-hCG 66125 4615 0.581
(mIU/mL) (3103.75, (954.175,
9996.25) 12,897)
Length of hospital stay (d) 25(2,3) 4(3,5) <0.001
Time for serum 3-hCG nor- 289+321 30.3+3.72 0.099

malization (d)

significantly lower than that in the UAE group (7 [IQR:
6, 7.75] vs. 1140 [IQR: 1097.75, 1160)] s, P<0.001). The
body surface radiation dose in the AABO group was
much lower than that in the UAE group (5.2210.44 vs.
1441.85+11.59 mGy, P<0.001). (Table 2).

Postoperative conditions

There was no significant difference in the B-hCG levels
between the AABO group and the UAE group on Day
2 after surgery (7759.65+£6730.79 vs. 6996.20+£6744.51
mlIU/mL, P=0.581). The duration of hospital stay was 2.5
(IQR: 2, 3) and 4 (IQR: 3, 5) days, respectively (2<0.001).
The hospitalization expenses were also significantly lower
in the AABO group than in the UAE group (2.42+0.51
vs. 3.42%0.85 *1075 yuan, P<0.001). The time to serum
B-hCG normalization in the AABO group was 28.9+3.21
d, which was similar to that in the UAE group (30.3£3.72
d, P=0.099) (Table 2).

Ovarian function

The serum FSH, LH, and E2 levels were measured at six
months after surgery in both the AABO and UAE groups.
In the AABO group, the FSH, LH and E2 levels were
78.84 (IQR: 38.38, 117.58) U/L, 7.96 (IQR: 4.0, 12.76) U/L
and 5.63 (IQR: 4.37, 8.38) pmol/L, respectively. In the
UAE groups, the FSH, LH and E2 levels were 66.1 (IQR:
28.46, 113.63) U/L, 8.07 (IQR: 6.67, 12.21) U/L and 6.14
(IQR: 4.09, 7.80) pmol/L, respectively. There were no sta-
tistically significant differences between the two groups.

Safety

The incidence of adverse events was 5.9% in the AABO
group, which was less than that in the UAE group (58.8%,
P<0.001). No serious adverse effects occurred during
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Table 3 Safety of AABO and UAE
AABO UAE group P
group (n=34)
(n=34)
Any adverse events, n (%) 2(5.9) 20 (58.8) <0.001
Serious adverse events, n (%) 0 0
Post-embolization syndrome, n (%) 1 (2.9) 16 (47.1)
Abdominal pain 0 2 (5.9)
Hip pain 0 10 (294)
Fever 1(2.9) 2 (5.9
Nausea and vomiting 0 2 (5.9)
Decreased menstruation, n (%) 1(29) 4(11.8)
Amenorrhea, n (%) 0

treatment or follow-ups. None of the patients showed
any sign of massive vaginal bleeding during or after sur-
gery, and no hysterectomy was performed. In the AABO
group, one patient experienced postembolization syn-
drome. In the UAE group, 16 patients had postembo-
lization syndrome, including two patients with lower
abdominal pain, 10 patients with hip pain, two patients
with fever, and two patients with nausea and vomiting
(Table 3). Decreased menstruation was observed in one
patient (2.9%) in the AABO group and in four patients
(11.8%) in the UAE group. None of the patients devel-
oped amenorrhea after surgery.

Discussion

CSP is considered a special type of ectopic pregnancy
that must be terminated once diagnosed due to the
increased risk of fatal bleeding. Studies have shown that
prophylactic treatment can significantly reduce the risk
of intraoperative haemorrhage in patients with type III
CSP. However, there is no standardized treatment for
type III CSP. In this study, 68 patients with type III CSP
were treated with AABO or UAE as a prophylactic treat-
ment. The results showed that the prophylactic AABO
and UAE both are effective methods for patients with
type III CSP, but AABO is safer and has fewer complica-
tions than UAE.

Because the abnormally attached placenta has an
extremely rich supply of blood vessels, bleeding dur-
ing the operation is potentially fatal. In addition, due to
difficult exposure of the operating field and the risk of
massive bleeding, emergency haemostasis is difficult
intraoperatively. Reducing the incidence of intraoperative
bleeding and ensuring rapid haemostasis are essential to
the successful rescue of placental attachment. Many stud-
ies have shown that patients with severe CSP III should
undergo UAE to significantly decrease the risk of intra-
operative haemorrhage [20, 21]. In our study, the median
intraoperative blood loss volume was 17.5 mL and 10
mL for AABO and UAE, respectively, thereby strongly
indicating that both methods can reduce intraoperative
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bleeding and preserve the uterus. The operation time
of the balloon group was slightly longer than that of the
embolization group due to the repeated release of the
balloon, observation of bleeding points, and haemosta-
sis during the operation. However, there was no statisti-
cal significance between the two groups. In the AABO
group, the balloon was released several times during the
operation to show the bleeding site. The main uterine
artery and each branch maintained unobstructed blood
flow, and the uterine body blood supply was unaffected.
Balloon occlusion is a temporary means of mechanical
occlusion of the blood supply, as the balloon is intravas-
cularly precisely transported under DSA guidance. This
method helps to reduce intraoperative bleeding [22]. At
present, abdominal aortic balloon occlusion in obstet-
ric and gynaecologic surgeries blocks most of the pelvic
blood supply, thereby effectively controlling bleeding in
the abdominal aortic plane [17]. In addition, previous
studies have shown that balloon dilation time should
not be prolonged so as to avoid thrombotic complica-
tions [23]. Otherwise, ischaemia-reperfusion injury may
affect the pelvic organs, lower limbs, kidneys, and spinal
cord [24]. If prolonged or continuous arterial occlusion is
required during the operation, balloon occlusion should
be stopped intermittently to restore the blood supply.
In addition, arterial thrombosis is also one of the most
important complications, with an incidence rate of 5%
[25].

There was a previous study raising concerns for poten-
tial radiation injury in both the patient and foetus dur-
ing AABO [26]. However, in this study, the intraoperative
time of AABO under DSA was only 3-8 s, which was
much faster than the operation time of UAE. It is gener-
ally believed that radiation has adverse effects on female
reproduction, leading to miscarriage and congenital
abnormalities [27]. AABO does not require prolonged
exposure or occupational exposure to ionizing radiation
in medical care. The average length of hospital stay was
shorter and the total hospitalization expenses were lower
in the AABO group, which may be related to the lower
incidence of postoperative complications and the lower
cost of abdominal aortic balloon supplies than in the UAE
group. Similarly, Guo et al. found that the UAE group had
a significantly longer hospital stay and a higher total cost
of hospitalization [8]. This is consistent with our findings.
The time to B-hCG normalization in the AABO group
was slightly slower than that in the UAE group, but the
difference was not significant. A meta-analysis showed
that the time to serum B-hCG normalization was approx-
imately 30.3 days in the UAE group [28], which was simi-
lar to our results.

In this study, ovarian function was mainly assessed
through sex hormone detection. Ovarian function in
the patients in the two interventional treatment groups
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was comparable, and AABO presented a reduced risk
of amenorrhea and infertility postoperatively. UAE is
believed to cause ovarian ischaemia and decreased ovar-
ian function. The cause for this may be uterine artery
ovarian branch blockage or diffusion of embolization
material into the ovarian vessels through the uterine
artery, followed by partial vessel plugging [29]. In addi-
tion, randomized trials have suggested that ovarian func-
tion may decrease following UAE in patients over the age
of 45 years old [30].

In our study, of the patients who underwent UAE, 10
complained of hip pain, and four suffered from decreased
menstruation, with a total complication rate of 58.8%.
Adverse events associated with UAE have been reported
extensively. The overall incidence of postoperative com-
plications ranged from 17.6 to 23% in the UAE pretreat-
ment group [8, 31]. A recent review by Timor-Tritsch [32]
reported that UAE treatment results in increased rates of
fever, as well as mild pain in the abdomen or the pelvic
region, with an overall complication rate of 46.9%. Cao et
al. [12] followed 119 patients with CSP who underwent
UAE to assess their menstrual recovery and their rate of
uterine curettage. Among these patients, 58 (57.4%) had
hypomenorrhea, and 2 (1.7%) had amenorrhea. Tang et
al. [33] reported that fifty-five patients (1.2%) managed
by UAE had severe complications. Our results suggested
that patients who underwent AABO had significantly
fewer complications than those who underwent UAE.
Here, the data indicated that patients who underwent
prophylactic AABO had significantly fewer complica-
tions than those who underwent UAE, suggesting that
AABO may be suited to be used as a pretreatment for
type III CSP.

Despite some significant findings that AABO is a reli-
able treatment method for type III CSP, especially when
compared with UAE, there are still some limitations in
this study. First, the small sample size is a major limita-
tion. Large-scale clinical studies are needed to support
our conclusions. Second, the sudden changes in total
peripheral resistance caused by balloon occlusion and
opening during abdominal aorta occlusion and reperfu-
sion injury are likely to cause haemodynamic disorders,
and markers of blood reperfusion injury should be eval-
uated after surgery. However, no further studies have
been conducted on the haemodynamic changes of the
two interventional methods due to lack of the patient
acceptance.

Conclusions

Both AABO and UAE are effective prophylactic meth-
ods for patients with type III CSP. In comparison to UAE,
AABO is safe and has few complications. The effective-
ness and safety of AABO should be confirmed in larger
scale studies in the future.
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Abbreviations

CSP cesarean scar pregnancy
UAE uterine artery embolization
AABO abdominal aortic balloon occlusion

TVCDS  trans-vaginal color doppler sonography
DSA digital subtraction angiography

B-hCG -human chorionic gonadotropin
FSH follicle-stimulating hormone

LH luteinizing hormone

E2 estradiol

IQR interquartile ranges
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