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Abstract

Objective: To observe the hemostatic effect of prophylactic uterine artery embolization (UAE)

in patients with cesarean scar pregnancy (CSP) and to examine the risk factors for poor

hemostasis.

Methods: Clinical data of 841 patients with CSP who underwent prophylactic UAE and curettage

were retrospectively analyzed to evaluate the hemorrhage volume during curettage. A hemor-

rhage volume �200mL was termed as poor hemostasis. The risk factors of poor hemostasis

were analyzed and complications within 60 days postoperation were recorded.

Results: Among the 841 patients, 6.30% (53/841) had poor postoperative hemostasis. The

independent risk factors of poor hemostasis were gestational sac size, parity, embolic agent

diameter (>1000 lm), multivessel blood supply, and incomplete embolization. The main postop-

erative complications within 60 days after UAE were abdominal pain, low fever, nausea and

vomiting, and buttock pain, with incidence rates of 71.22% (599/841), 47.44% (399/841),

39.12% (329/841), and 36.39% (306/841), respectively.

Conclusions: Prophylactic UAE before curettage in patients with CSP is safe and effective in

reducing intraoperative hemorrhage. Gestational sac size, parity, embolic agent diameter, multi-

vessel blood supply, and incomplete embolization of all arteries supplying blood to the uterus are

risk factors of poor hemostasis.
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Introduction

Cesarean scar pregnancy (CSP) is a type of
ectopic pregnancy that refers to implanta-
tion of the gestational sac in a uterine scar
after cesarean section.1 The prevalence of
CSP in a scarred uterus is 1/531, accounting
for 4.2% of ectopic pregnancies.2 For the
past few years, the incidence of CSP has
gradually increased with an elevation of
the cesarean section rate. CSP is rich in
blood supply and thin in the muscular
layer.3 Traditional curettage can easily
lead to massive hemorrhage, resulting in a
relatively difficult clinical treatment.4

Uterine artery embolization (UAE) is
widely applied in the clinic for its safety,
minimal trauma, and few complications.
UAE has also achieved remarkable curative
effects in treating acute uterine hemorrhage,
uterine leiomyoma, cervical cancer, and
other diseases.5 Prophylactic UAE before
CSP curettage can significantly reduce the
hemorrhage volume during curettage by
blocking the blood supply of bilateral uter-
ine arteries and it is widely used.6,7

However, with an increase of treated
patients, some patients still have poor
hemostasis, and even experience massive
hemorrhage during curettage that threatens
life. Therefore, identifying the causes and
risk factors of poor hemostasis of UAE is
particularly important. Previous studies
considered that the external iliac artery
supply is an important factor for hemosta-
sis of UAE, but most of them were case
reports and lacked statistical power from
a large dataset.8,9 There have also been
few studies on the risk factors of hemostasis
of UAE,10 especially from the perspective
of interventional surgery. In this study, we

aimed to determine hemostasis of prophy-
lactic UAE in treating CSP before curet-
tage, examine the risk factors of poor
hemostasis, and summarize related compli-
cations, thus providing a reference for clin-
ical decision-making.

Materials and methods

General information

Clinical data of 1057 patients with CSP who
underwent prophylactic UAE and curettage
in Xianning Central Hospital from January
2013 to December 2018 were retrospectively
analyzed. Xianning Central Hospital is a
comprehensive top third-grade hospital in
Xianning City, Hubei Province, China,
and it treats a large number of CSP patients
every year. The present retrospective study
was approved by the Institutional Review
Board of Xianning Central Hospital
(Xianning, China). Verbal consent was
obtained for the telephone interviews per-
formed in the present study.

Inclusion criteriawere as follows: (1) diag-
nosis of CSP by ultrasound; (2) adherence to
the definition of time limit agreed by experts
on diagnosis and treatment of CSP after
cesarean section (2016), and gestational of
�12 weeks.11 Exclusion criteria were as fol-
lows: (1) incomplete clinical and follow-up
data; (2) with contraindications for interven-
tional embolization; and (3) emergency
UAE was performed for non-CSP massive
hemorrhage.

Instruments and methods

The Philips Allura Xper FD20 instrument
(Philips, Eindhoven, The Netherlands) for
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digital subtraction angiography was used.
The contrast used was ioversol injection
(320mg I/mL). Gelfoam particles were
used as the embolic agent (Alicon
Corporation, Hangzhou, China), with a
diameter in the range of 350 to 1400 lm.
Prophylactic UAE was performed by two
interventional specialists (attending physi-
cian with 1 decade of working experience
and a deputy chief physician with two dec-
ades of working experience). Conventional
bilateral internal iliac artery angiography
was carried out after puncture and catheter
insertion of the femoral artery. After find-
ing the opening of the uterine artery, the
catheter was superselectively inserted into
the uterine artery and embolized with gel-
foam particles (a few patients were perfused
with methotrexate 50 mg). In uterine arte-
riography, the pressure of a high-pressure
syringe was set at 150 psi, the flow rate
was 4mL/s, and the total volume was
8mL. All arteries that supplied blood to
the uterus were then found and embolized
by internal iliac artery and external iliac
artery angiography. Incomplete emboliza-
tion was defined as when all branches of
the uterine blood supply found by angiog-
raphy could not be embolized owing to
technical or other reasons, or angiography
still displayed blood vessels after emboliza-
tion. Multivessel blood supply was defined
as the presence of blood vessels that supply
blood to the uterus in addition to the bilat-
eral uterine arteries. Obstetricians or gyne-
cologists completed curettage within 48 to
72 hours after UAE.

Observed indicators

Attending physicians with more than
5 years of experience in curettage evaluated
the amount of intraoperative hemorrhage.
A hemorrhage volume �200mL was classi-
fied as poor hemostasis and a hemorrhage
volume >500mL as massive hemorrhage.
We recorded ultrasonic CSP typing

(typing standard in the Expert Consensus
on Diagnosis and Treatment of Uterine

Scar Pregnancy after Cesarean Section
[2016] of the Family Planning Group of

the Obstetrics and Gynecology Credit
Association of the Chinese Medical

Association),11 human chorionic gonado-
tropin levels, gestational sac size (maximum

diameter), embolic agent diameter, whether
multiple blood vessels were found in intra-

operative angiography, whether all blood
vessels were completely embolized, and

other indicators. We also analyzed the risk
factors of poor hemostasis.

The incidence of complications, such as
postoperative syndrome (e.g., nausea, vom-

iting, pain, low fever), ectopic embolism
(e.g., skin ulcer, ovarian necrosis, lower

limb artery ischemia), deep vein thrombo-
sis, and allergic reactions, within 60 days

after UAE were analyzed.

Statistical analysis

Statistical analysis was performed by using
IBM SPSS Statistics for Windows version

25.0 (IBM Corp., Armonk, NY, USA). All
raw data were assessed for normality using

the Kolmogorov–Smirnov test. Data that
conformed to a normal distribution are

expressed as mean� standard deviation
and those that were not normally distributed

are shown as the median (minimum, maxi-
mum). Between-group comparisons were car-

ried out with the chi-square test, Student’s
t-test, or Mann–Whitney U test. Multivariate
logistic regression analysis was used to esti-

mate odds ratios and 95% confidence inter-
vals for potential risk factors. P< 0.05 was

considered statistically significant.

Results

Clinical characteristics of the patients

After applying the inclusion and exclusion
criteria, we included 841 patients in the
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study. The median age was 32 years (19–48

years). Other detailed information of the

patients is shown in Table 1.

Hemostatic effect and risk factors

The median hemorrhage volume was

40mL (20–1200mL) in patients after

UAE. The hemorrhage volume ranged

from 20 to 50mL in 601 (71.46%) patients,

50 to 200mL in 187 (22.23%) patients,

200 to 500mL in 41 (4.88%) patients, and

500 to 1200mL in 12 (1.43%) patients. Of

the 841 patients, only 6.30% (53/841) had

poor postoperative hemostasis. Age,

human chorionic gonadotropin levels, the

pregnancy period, and gravidity were not

significantly different between the group

of patients who had satisfactory hemostasis

and those who had poor hemostasis.

However, gestational sac size was signifi-

cantly higher (P< 0.001) and embolic

agent diameter (P¼ 0.013) was significantly

lower in the poor hemostasis group than in

the satisfactory hemostasis group. A signif-

icantly lower rate of patients did not have

multivessel blood supply and had incom-

plete embolization in the poor hemostasis

group than in the satisfactory hemostasis

group (both P< 0.001). Ultrasonic CSP

typing and parity were also significantly dif-

ferent between the groups (both P< 0.05,

Table 1).
Univariate analysis showed that gesta-

tional sac size, parity, embolic agent diam-

eter (>1000 lm), multivessel blood supply,

incomplete embolization, and ultrasonic

CSP typing were significantly related

to poor hemostasis (all P< 0.05).

Multivariate regression analysis showed

that gestational sac size, parity, embolic

agent diameter (>1000 lm), multivessel

blood supply, and incomplete embolization

were significant independent risk factors for

poor hemostasis (all P< 0.05, Table 2).

Complications

The main postoperative complications
within 60 days after UAE were abdominal
pain, low fever, nausea and vomiting, and
buttock pain, with incidence rates of
71.22% (599/841), 47.44% (399/841),
39.12% (329/841), and 36.39% (306/841),
respectively (Figure 1). Urinary system
symptoms, such as hematuria and urinary
tract obstruction, were present in eight
patients, mild to moderate allergic reaction
of contrast agent in four patients, deep
venous thrombosis of the lower limbs in
two patients, and ovarian necrosis in one
patient (Figure 2).

Multivariate regression analysis was car-
ried out on the complications of lower
abdominal pain and low fever. We found
that the diameter of the embolic agent was
an independent risk factor for lower
abdominal pain and low fever (all
P< 0.01, Table 3).

Discussion

In this study, a large sample size was retro-
spectively analyzed for CSP treated by
UAE and curettage. We found that prophy-
lactic UAE was safe and effective for
patients with CSP before curettage, and
only 6.30% of patients had postoperative
blood loss> 200mL. The main risk factors
for poor hemostasis were gestational sac
size, parity, embolic agent diameter
(>1000 lm), multivessel blood supply, and
incomplete embolization.

CSP can easily lead to uterine rupture,
hemorrhage, and even death of
patients.12,13 At present, there are many
ways to treat CSP. In 2016, the Obstetrics
and Gynecology Branch of the Chinese
Medical Association published the Expert
Consensus on Diagnosis and Treatment of
Uterine Scar Pregnancy after Cesarean
Section, which determined the role of pro-
phylactic UAE in treatment for CSP,
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especially for patients with CSP II/III.11,14

The exact pathogenesis of CSP remains
unclear. Some studies have shown that
occurrence of CSP is related to scar defects
after cesarean section.15,16 Women who
have undergone multiple cesarean sections
have severe scar defects, which easily lead to
CSP. The patients enrolled in this study had
two to eight pregnancies and one to three
parities. A total of 42% (361 patients) had a
history of multiple cesarean sections (�two
times), which is consistent with a previous
report.17 Multivariate regression analysis
showed that the main reasons for poor
hemostasis during curettage after UAE
were the presence of multiple blood vessels
in the uterus, incomplete embolization of all
uterine blood vessels, embolic agent diame-
ter (>1000 lm), parity, and gestational
sac size.

Uterine blood supply is mainly derived
from bilateral internal iliac artery–uterine
artery branches. However, with growth of
fetus, a large number of collateral circula-
tions are established, and these are mainly
derived from the external iliac artery and
thickened ovarian artery.8,9,18 Our study
showed 45 patients with multiple uterine
arteries supplying blood, which mainly
originated from the deep circumflex iliac
artery, the artery of the round ligament of
uterus, the accessory uterine artery, and the
ovarian artery. Of these, 27 patients had a
hemorrhage volume >200mL during curet-
tage. Twenty-three patients were not
completely embolized because the vascular
diameter was too thin or there was a tortu-
ous opening, of whom 20 (86.96%) had
poor hemostasis after the operation. These
findings suggest that complete embolization
of all arteries supplying blood to the uterus
is a fundamental factor affecting hemosta-
sis, which is similar to the results of previ-
ous studies.8,9 Leluep et al.9 performed
secondary interventional surgery in 11
patients with postpartum hemorrhage with
poor hemostasis of UAE, of whomT
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10 achieved satisfactory hemostasis after

embolization of a total of 16 uterine

round ligament arteries. Liang et al.19 suc-

cessfully embolized six patients with CSP

and a blood supply from branches of the

external iliac artery, and the hemostasis

rate was as high as 100%. Therefore,

when patients with CSP undergo prophy-

lactic UAE, external iliac arteriography

should be performed to identify and embo-

lize all arteries supplying blood to the

uterus as much as possible. Our finding of

poor hemostasis of patients with an embolic

agent diameter >1000 lm may be related to

failure to achieve peripheral embolization.20

Additionally, the poor hemostatic effect

induced by increased parity may be related

to thinning of uterine myometrium and an

increase in arteries supplying blood to the

uterus.21 Wang et al.22 showed that a mass

>5 cm was a risk factor for patients with

CSP who have curettage or for those with

UAE combined with curettage. Our study

also showed similar results. The size of the

pregnancy sac in the poor hemostasis group

was 5.93� 2.56 cm. The reason for this find-

ing may be associated with increased blood

supply from multiple vessels with enlarge-

ment of the fetal sac.
In this study, the postoperative compli-

cations of patients were mainly lower

abdominal pain, low fever (temperature

<38.5�C), and nausea and vomiting. These

complications are collectively referred to as

post-embolization syndrome, which may be

related to an aseptic inflammatory reaction

caused by uterine ischemia after emboliza-

tion.23 Lower abdominal pain usually

occurs 2 to 12 hours after UAE, and the

duration of pain is related to the type of

Table 2. Univariate and multivariate regression analyses of risk factors for poor hemostasis.

Variables

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age 1.00 (0.97, 1.04) 0.857

Pregnancy period 1.01 (0.98, 1.05) 0.438

Parity 1.76 (1.04, 2.98) 0.035 2.20 (1.09, 4.43) 0.028

Gravidity 0.88 (0.66, 1.19) 0.407

HCG 1.00 (1.00, 1.00) 0.702

Gestational sac size 1.32 (1.17, 1.48) <0.001 1.22 (1.05, 1.42) 0.012

Embolic agent diameter

350–560 lm 1

560–710 lm 0.90 (0.26, 3.13) 0.867

710–1000 lm 2.43 (0.82, 7.22) 0.109

1000–1400 lm 3.04 (1.01, 9.12) 0.047 4.89 (1.12, 21.45) 0.035

Multivessel blood supply

No 1

Yes 44.42 (21.77, 90.63) <0.001 17.89 (5.69, 56.27) <0.001

Incomplete embolization

No 1.00

Yes 158.59 (44.87, 560.48) <0.001 16.46 (2.82, 96.19) 0.002

CSP typing

Type I 1

Type II 0.51 (0.22, 1.17) 0.112

Type III 2.42 (1.10, 5.29) 0.027 1.58 (0.59, 4.25) 0.360

OR, odds ratio; CI, confidence interval.

Tian et al. 7



embolization agent and dosage, and the
degree of embolization. In this study, the
diameter of the embolic agent was signifi-
cantly negatively correlated with

postoperative lower abdominal pain and
fever. Therefore, a smaller diameter of the
embolic agent is associated with a higher
incidence of postoperative lower abdominal

Figure 1. Bar chart of the incidence of adverse reactions and complications

(a) (b) (c)

(d) (e) (f)

Figure 2. Representative cases of ovarian necrosis. (a) Right uterine arteriography shows retrograde
development of the right ovarian artery (arrow). (b) Left uterine arteriography shows vascular tortuosity
and thickening. (c) The ovarian artery was invisible after right uterine artery embolization. (d) Twenty days
after the operation, ultrasound shows cystic and solid mixed echoes in the right ovarian region.
(e) Computed tomography shows a cystic solid mass at the pelvic entrance. (f) Pathology is diagnosed as
ovarian necrosis (hematoxylin and eosin stain,� 40)

8 Journal of International Medical Research



pain and fever, which may be related to the
capability of a small-diameter embolic
agent to achieve peripheral embolism. In a

randomized, controlled study, Kim et al.23

found that intravenous application of small
doses of dexamethasone effectively relieved
post-embolization syndromes, such as pain,
nausea, and vomiting. A similar phenome-
non was also observed in this study in that
patients who had been injected with a small
dose of dexamethasone had less postopera-
tive pain, but this was only bases on clinical
observation and experience, and lacked sta-
tistical analysis.

Ectopic embolization is the most serious
complication of UAE. This complication
mainly manifests as ischemia and necrosis
of ectopic embolized organs or tissues, such
as local necrosis of the gluteal muscle,
ureter, bladder, rectum, and ovary.24 In

our study, buttock pain was a main compli-
cation of ectopic embolism, with an inci-
dence rate of 36.39% (306 patients).
Additionally, urinary tract obstruction
was found in eight patients, ovarian necro-
sis in one patient, and weakening of
dorsal foot artery pulsation in one patient
(Figure 1). The direct cause of buttock pain
is embolism of the superior gluteal artery or
inferior gluteal artery. We used gelfoam
particles as the embolic agent in our
study. Green et al.25 did not report any
cases of gluteal muscle necrosis. In our

study, eight patients had urinary tract
obstruction with dysuria and hydronephro-
sis. All of these patients improved after
spasmolytic treatment. The causes of uri-
nary tract obstruction might be related to
communication between the uterine artery,
ureter, and bladder artery. In our patients
with ureteral obstruction, the injection pres-
sure was too large and the diameter of the
embolic agent was too small during embo-
lization, resulting in ischemic spasm of the
ureter. The ovary is supplied by the uterine
artery and ovarian artery. Whether uterine–
ovarian anastomosis should be embolized
during UAE is still controversial.26,27

Reports of ovarian necrosis induced by
UAE are extremely rare. However, during
the follow-up in the current study, one
patient had right ovarian necrosis
(Figure 2), which may have been related
to the small diameter of the embolic agent
(350–560 lm). To prevent serious complica-
tions of ectopic embolism, the authors sug-
gest the following. (1) Superselective
intubation embolization treatment must be
carried out, and blood supply branches,
such as in the bladder and rectum, should
especially be avoided. (2) The appropriate
size of the embolic agent should be selected,
and we suggest that the diameter of the
embolic agent should be >560 lm.20 If
ovarian branches are present, an embolic
agent with a larger diameter is

Table 3. Multivariate regression analysis of embolic agent diameter, lower abdominal pain, and low fever.

Embolic agent diameter

Lower abdominal pain Low fever

OR (95% CI) P value OR (95% CI) P value

350–560 lm 1 1

560–710 lm 1.57 (0.84, 2.94) 0.155 0.37 (0.23, 0.59) <0.001

710–1000lm 0.40 (0.23, 0.69) 0.001 0.38 (0.24, 0.61) <0.001

1000–1400lm 0.24 (0.14, 0.42) <0.001 0.26 (0.16, 0.42) <0.001

Total† 0.71 (0.62, 0.81) <0.001 0.53 (0.44, 0.62) <0.001

OR, odds ratio; CI, confidence interval.

In regression analysis of the embolic agent diameter, the diameter was first analyzed according to categorical variables

(category 4). †Analysis of the embolic agent diameter according to continuous variables.
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recommended. (3) When injecting an

embolic agent, the whole process should

be supervised under fluoroscopy to avoid

necrosis of organs due to reflux of the

embolic agent.
This study has some limitations as fol-

lows. There was a lack of an accurate

method for diagnosing whether the uterus

was supplied by multiple vessels. Digital

subtraction angiography as an evaluation

method still has a probability of missed detec-

tion. Further studies are required to deter-

mine whether more clinical and examination

results will increase the risk of hemorrhage,

such as application of methotrexate.

Conclusion

Prophylactic UAE can reduce the risk of

massive hemorrhage during curettage.

Gestational sac size, parity, embolic agent

diameter, multivessel blood supply, and

incomplete embolization of all arteries sup-

plying blood to the uterus are risk factors of

poor hemostasis. Finding and embolizing

all arteries supplying blood to the uterus

will guarantee hemostatic efficacy of UAE.

Furthermore, selecting appropriate embolic

agents can reduce the occurrence of

complications.
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