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Abstract: Cesarean scar ectopic pregnancy (CSP) is a rare form of ectopic pregnancy, and treatment of
CSP with uterine artery embolization (UAE) is a novel approach. With increasing numbers of cesarean
sections being performed annually, the incidence of this condition is likely to increase. The authors
became aware of an unusually high number of published studies originating in mainland China
regarding this unusual treatment and sought to perform a meta-analysis to provide comprehensive
evidence on this novel practice. Methods: We performed a thorough search and included all forms
of quality studies on this topic that reported UAE as a part of first-line management of CSP. We
included only studies originating in China. Ultimately, 37 studies were included for qualitative
and quantitative synthesis of evidence. After screening retrieved records and extracting data from
eligible studies, we pooled continuous data as a mean estimate and 95% confidence interval (CI), and
dichotomous data as proportion and 95% CI. Results: CSP patients treated with protocols including
UAE had a mean time of 30 days for serum (3-hCG normalization, 95% CI [26.816, 33.881]. They had
a mean estimated intraprocedural blood loss of 4.19 & 3.76 mL, a mean hospital stay of nine days,
95%CI [7.914, 9.876], and a success rate of 93.4%, 95%CI [0.918, 0.951]. The severe complication rate
was 1.2%, 95%CI [0.008, 0.017]. Conclusion: UAE, in combination with other procedures is being
used effectively for the treatment of CSP in China. Protocols including UAE have a success rate of
approximately 93.4%, and a severe complication rate of approximately 1.2%. This data’s utility is
limited by vast differences in the studied protocols and questionable feasibility outside of China.

Keywords: cesarean scar; uterine artery embolization; ectopic pregnancy; extrauterine pregnancy

1. Introduction

Ectopic pregnancy describes pregnancies outside of normal positioning in the uterus,
most frequently in the fallopian tube and less frequently in other sites such as the ovaries,
abdomen, cesarean scar, and other sites [1]. The incidence of all ectopic pregnancies has
increased in recent decades and complicates approximately 2% of all pregnancies, following
the increase in the cesarean section rate [1,2].

Cesarean scar pregnancy (CSP) is an ectopic pregnancy located at a previous uterine
scar [3]. Its incidence is increasing due to the increased frequency of cesarean sections
worldwide [4,5]. It occurs in 1 in 500 pregnancies among women with a previous cesarean
delivery and compromises 4% of all ectopic pregnancies [6]. Despite its rarity, CSP can
constitute a life-threatening condition [7].

Originally, hysterectomy was considered the only treatment option for CSP [3],
however, in recent years, more conservative approaches have been developed. Treatment
options now include systemic methotrexate (MTX), uterine artery embolization (UAE), local
resection of the ectopic gestational mass, hysteroscopy, and uterine dilation and curettage
(D&C) [8-10].
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Largely used in the treatment of uterine fibroids, uterine artery embolization (UAE) is
a widely used procedure generally performed by interventional radiologists under local
anesthesia and carried out by catheterization of the uterine arteries through a transfemoral
approach. The procedure involves injecting gelatin sponge particles to block the supplying
arteries to the uterus, resulting in the cessation of blood supply to the CSP [11]. It may be
combined with a dose of MTX given in the intraprocedural period [11,12]. Other authors
have reported using polyvinyl alcohol instead of gelatin sponge particles with similar
results [13].

UAE may be used alone or combined with local or systemic MTX for treatment of
CSP. Moreover, it can be performed before uterine D&C, laparoscopy, hysteroscopy, or local
resection [13-16].

The authors of this study noticed a tremendous increase in published trials that
included the use of UAE as a treatment coming out of China. The authors hypothesize
that this may likely be due to a decreased regulatory effect on medical care in this country,
versus the majority of the rest of the world. As a result, a large body of research on the
usage of UAE in CSP from China has surfaced over the last ten years. We aimed to present
a global report on the usage of protocols including UAE for the treatment of CSP in China,
by conducting this systematic review and meta-analysis.

2. Materials and Methods

We conducted this systematic review and meta-analysis guided by the Cochrane Hand-
book for Systematic Reviews of Interventions [17], then we reported it using the “preferred
reporting items for systematic review and meta-analysis” (PRISMA statement) [18].

2.1. Literature Search

We searched PubMed, Scopus, Web of Science, ClinicalTrials.Gov, MEDLINE, and
the Cochrane Central Register of Controlled Trials (CENTRAL) for published studies
from inception till April 2021 using the following keywords: “cesarean scar pregnancy,”

“ectopic pregnancy”, “extrauterine pregnancy”, “cesarean scar”, “cesarean cicatrization”,
and “uterine artery embolization”.

2.2. Eligibility Criteria and Study Selection

We included case series, observational studies, comparative studies, and randomized
controlled trials (RCTs) that reported UAE as a part of first-line management of CSP,
originating from anywhere within China. Exclusion criteria included: (1) Case reports or
review articles, (2) case series describing less than five cases managed by UAE, (3) studies
where treatment modality or outcomes were not sufficiently detailed, (4) non-English
language studies (5), and in vitro or animal studies. After removing duplicates by Endnote,
title, and abstract screening, the full-text screening ensured the studies’ eligibility for
inclusion. Moreover, we screened the bibliographies of the included studies manually for
other relevant studies. Screening was performed independently by two separate authors,
and agreement was reached by consensus between the authors. Per our institute standards,
a third researcher was assigned to resolve any disputes but was ultimately never needed.
Only three studies that met our criteria were excluded because they were located outside
of China.

2.3. Data Extraction

Extracted data included the year of publication, study design, inclusion period, the
mean age of participants, gestational age, primary treatment modality, number of cases per
group, success rate, causes of treatment failure, rate of severe complications, time for serum
-hCG normalization, length of hospital stay, intraprocedural blood loss, number of cases
undergoing hysterectomy or laparotomy, cases with bleeding more than 500 mL or received a
blood transfusion, conclusion, and study country of origin. The management was considered
successful if there was no major complication and the patient needed no additional treatments.
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Severe complications included a UAE procedure that required hysterectomy, laparotomy;,
involved bleeding >500 mL, or necessitated an unexpected blood transfusion.

2.4. Quality Assessment

We used the national institute of health (NIH) tools to assess the quality of cohort and
case series studies [19]. For RCTs, we used the Cochrane risk of bias tool described in the
Cochrane Handbook for Systematic Reviews of Interventions [17].

2.5. Data Synthesis

Analysis was conducted using Open Meta-Analyst software. We reported dichoto-
mous outcomes as a proportion and a 95% confidence interval (CI) and continuous out-
comes as a mean estimate and a 95% CI. When heterogeneity was significant (Chi-square
p <0.1), we employed the random-effects model and then made a sensitivity analysis to
solve the heterogeneity.

3. Results
3.1. Literature Search Results

The literature search retrieved 433 records; of them, 109 duplicates were removed.
We excluded 232 studies during the title and abstract screening and 57 during full-text
screening. In addition to the remaining 35 studies, 2 studies were included through the
manual search, and a total of 37 studies were included for qualitative and quantitative
synthesis of evidence [11,13-16,20-54] (Supplemental Figure S1). Interestingly, only three
studies that would have otherwise met our screening criteria were excluded because they
originated in countries other than China.

3.2. Characteristic of Included Studies

Included studies are variable in their design, including cohort studies, case series
studies, and RCTs with a total of 2655 patients. The most frequent treatment modality in
the included studies was UAE combined with D&C or UAE combined with MTX and D&C.
Table 1 shows the summary of included studies and the characters of the included patients.
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Table 1. Shows the summary and baseline characteristics of the included studies.

Year of Study Inclusion Primary Number Gestational Success Treatment Failure Severe. . . Methodological Country of
ID Publication Desi Period Treatment fC ge Age (Days) Rate (%) C Complications Conclusion Quali Origin
ublicatio esign erio Modality of Cases ge (Days ate (% auses Rate (%) uality gi
Reduced menstrual
blood volume can
Treatment failure occur in scar
Retrospective . UAE + 32.98 o n=7) o pregnancy patients . .
Cao 2017 [20] 2017 cohort Study 2012-2016 curettage 101 (4.96) 93.07% [underwent 2.97% who received uterine Fair China
curettage again] artery embolization
combined with
curettage.
Treatment failure UAE comlbibisdl w_1th
Retrospective UAE + (n = 3) [underwent G GIIEERIE
Chen 2017 [22] 2017 2014-2016 49 33.7 (4.8) - 93.90% X 4.08% less advantageous Fair China
cohort Study curettage transvaginal h inal
hysterotomy] than transvagina
Y hysterotomy.
. UAE + .
Retrospective 21 339(1) 49 (45.5-65.5) 100% - 0% Compared with . .
Cheng 2020 [23] 2020 cohort Study 2010-2015 hysteroscopy Treat il D&C -+ UAE, LAOH Fair China
(;e_a ;‘ ent fatture + UAE showed a
o i . o higher success rate
UAE + D&C 61 33.5(0.6) 52 (42-58) 82% [laparoscopic 4.90% f0§ CSP-11 patients.
surgery or
laparotomy]
Treatment failure A
(n = 8) additional Ufﬁ thtlh orl MIX
. ) . UAE + MTX 31.68 o intra—amniotic MTX ® WG IeE: .
Qi 2015 [41] 2015 Case series 20092013 “pec 22 (4.58) 59.86 (17.67) 77.30% i o ST 0% infusion mightbean ~ Good China
MTX + D&C (n = 2), effective treatment
hysterotomy (n = 1). for CSF.
severe vaginal
bleeding during
curettage (n = 4)
[hysterotomy]
(Ofeve > 28 S 54.33 (17.51) 89.30% gelatin sponge 0%
curettage (4.58)
separated and
embolized the right
leg (n =1) [a second
UAE]
Treatment failure
(n=18) CSP patients with
Massive vaginal short gestational age
bleeding (n = 5) and small
UAE + [received blood gestational sac can
Fang 2020 [26] 2020 Case series 2010-2016 curettage 32 - 68.05 (23.29) 43.75% transfusions and 27.78% be treated with Good China

laparoscopy or
laparotomy]

large gestational sac
(n =13) [underwent
surgery]

surgery, UAE, and
HIFU and achieve
safe and effective

therapeutic effects.
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Table 1. Cont.

Year of Study Inclusion Primary Number Gestational Success Treatment Failure Severe. . . Methodological Country of
ID R L . Treatment Age o Complications Conclusion . . .
Publication Design Period Modality of Cases Age (Days) Rate (%)  Causes Rate (%) Quality Origin
There is no universal
q Retrospective o o agreement on the ] q
Fei 2019 [27] 2019 cohort Study 2008-2017 UAE + MTX 26 31.4(4.4) = 100% = 0% optimal treatment Fair China
modality for CSP.
Tre_atment failure Adding
(n =5) [underwent a intra—arterial MTX
UAE + 57 33.46 5425 (11.6) 86% repeat curettage or 0% to UAE and
curettage (4.47) intrauterine packing
. curettage
with a water ionificant]
Retrospective ~ 2010-2015 balloon] 15315)121;23 Y
Gao 2018 [14] 2018 cohort study postoperative Fair China
recovery, though
Treatment failure success};ate angd
A (n =2) [underwent da bleeding events
UAE + MTX 32.18 o, repeat curettage and o were not
+D&C 36 (5.65) 55.58 (9.82) 88.90% intrauterine packing 0% significantly
with a water affected.
balloon]
UAE and LCSPDS
each have their
advantages and
: disadvantages in
(Trfe_atlrg)e nt failure treating CSP. Thus,
N appropriate
eIy individualized
Retrospective 32.21 Lipises oty (i = 3) surgical programs
Guo 2018 [15] 2018 2012-2017 UAE 51 ) 54.82 (9.27) 80.40% LCSPDS operation 9.8% (5/51) o= Fair China
cohort Study (5.68) (n=3) based on specific
scar lesion removal patient
by abdominal circumstances are
Y ab _ needed to avoid
incision (n = 2) P
indiscriminately
performing
complete uterine
cavity curettage.
UAE combined with
suction curettage
Retrospective UAE + 31.74 o o under hysteroscopy . .
Hong 2017 [30] 2017 cohort Study 2014-2016 curettage 67 (3.69) - 88.06% _ 0% is safe and effective Fair China
in the management
of CSP.
Treatment failure UAE combined with
(n=6) curettage treatment
repeated curettage in CSP patients
. (n=2) demonstrates a
Li 2020 [32] 2020 IREEEpEive 2013-2017 WALE 5 169 SR - 96% resection of 0% favorable success Fair China
cohort Study curettage (4.88) ] q p
gestational tissues rate, which can also
n=2) reduce MBV and
hemostatic drugs proceeding
(n=2) pregnancy rate.
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D Year of Study Inclusion ;rlmary Number Gestational Success Treatment Failure Severe. . . Methodological Country of
Publication Design Period reatment of Cases Age Age (Days) Rate (%) Causes Complications Conclusion Quali Origin
& Modality & A Rate (%) ty &
Treatment failure UACE combined
(n=4) with curettage was
massive blood loss found to be an
UACE + of (n = 1) [systemic effective
Li2018 Retrospective B o methotrexate] o fertility—-sparing .
i [33] 2018 2006-2016 curettage + 383 32.3 (4.9) 99% . . 0.26% Poor China
cohort Study MTX residual tissues treatment for CSP.
(n = 3)[underwent Further, the
hysteroscopic or approach did not
transabdominal seem to harm future
resection] reproductive ability.
Treatment failure
. UAE + MTX 3243 o (n =1) [needed o P
Liu 2016 [36] 2016 f:}ﬁg‘ft%iffévye 20142016  + D&C 42 42) EL Z‘iﬂiﬁf’eﬁl] DT gjf}folgg:fﬂ}? of  Fair China
Treatment failure fniection and D&C
32.44 o (n = 6) [required o
WANE) < DX 22 (6.16) B 76% additional systemic 0%
MTX or D&C]
UAE combined with
curettage appears to
. be superior to MTX
Liu 2015 [35] 2015 fgﬁg‘ﬁf’s‘ﬂgf 2005-2013 gﬁfﬁ;ge 38 (3532492) 5542 (1428)  100% - 0% plus curettage for Fair China
) treatment of CSP
with high serum
b-hCG level.
Pretreatment with
. Treatment failure MTX and UAE prior
Lou 2020 [37] 2020 Re}tlmsl:’se“té"e 2013-2015 USEC* MBS e 33 (3.6) 47 (8.4) 97.90% (n = 1) [emergency 0% to curettage is sgfe Fair China
cohort Study * UAE + Curettage] and effective for the
management of CSP.
Treatment failure
(n=4)
systemic and local All treatments have
MTX therapy + high success rates
Retrospective UAE + MTX o curettage (n =1) o and no significant . .
Ma 2017 [38] 2017 cohort Study 2012-2016 + D&C 45 33 (6) - 91.10% [supplementary 0% effects on Fair China
MTX therapy] (n =2) intraoperative
abdominal CSP bleeding.

mass resection
(n=1)
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Year of Study Inclusion Primary Number Gestational Success Treatment Failure Severe. . . Methodological Country of
D Publication Design Period Treatment of Cases Age Age (Days) Rate (%) Causes Complications Conclusion Quali Origin
8 Modality ge (Day! o Rate (%) ty 8
Suction and
Treatment failure s e it
Ou 2020 [39] 2020 Prospective 20162018 UAE~ 65 34 (4.4) 5229 (10.32)  98.46% (n = 1) [repeat 0% more suitable option ;. China
g cohort study curettage : ’ : ’ P than UAE followed
curettage] b .
y suction and
curettage.
Treatment failure
(n=6)
Massive vaginal
bleeding (n = 3)
[hysteroscopy or
iodoform gauze
packing.] D&C guided by
) UAE + 321 ) unsatisfa‘ctory i ultrasonography
Qiu 2019 [43] 2019 fjﬁﬁstps‘iffg;e 2013-2018  curettage B2 .02) - S %e_clfleggf evel (23] 0% ;f‘tgvrvgjg]iogsatmem B China
[received clinical efficacy.
intramuscular
injection of MTX]
retained products of
conception (n = 3)
[underwent
hysteroscopy]
Treatment failure
(n=1) Hysteroscopy after
UAE + 23 32.48 95.70% Massive vaginal 0% UAE treatment
hysteroscopy (4.73) - ’ bleeding received showed good
[iodoform gauze clinical efficacy.
packing]
UAE pretreatment
method seems to be
. effective,
Wang 2021 [16] 2021 Retrospective 5,7 5579~ UAE+D&C+ g 292(36) _ 100% _ 8.70% economical, and Fair China
cohort study Hysteroscopy . .
with few side effects
in the management
of CSP.
UAE can effectively
reduce
intraoperative blood
Retrospective UAE + MTX + 31.84 o o loss but increases the . .
Wang 2019 [50] 2019 e dy 20162018l oscopy M A7) _ 100% _ 0% viek of postoperative  TaI" China

complications,
length of hospital
stay, medical costs.
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D Year of Study Inclusion grr:;;rznt Number Ace Gestational Success Treatment Failure (SZZ‘:::relications Conclusion Methodological Country of
Publication Design Period M . of Cases 8 Age (Days) Rate (%) Causes Li% Quality Origin
odality Rate (%)
UACE combined
with D&C is a useful
measure for most
Type 2 CSP cases in
Retrospective UACE + the first trimester.
Xiao 2018 [48] 2018 COhOl‘t}:;tud 2011-2014 curettage + 102 33.1 (4.6) 51.19 (11.13) 100% _ 0% For Type 2 CSP cases  Fair China
y MTX in the second
trimester, UACE
before laparotomy
could be a
reasonable choice.
combination of UAE
Retrospective UAE + D&C 3267 lajnd slurge;y shofulﬁ‘l
Xiao 2019 [49] 2019 case—control  2014-2017  + 35 : 52.5 (13.91) 100% _ 0% e selected carefully iy China
(6.96) because of its
STy Iy P potential fertility
complication.
Compared to UAE,
lauromacrogol-
based sclerotherapy
7h - Retrospective UAE + o o is a safe, effeF tive, . .
ang 2019 [52] 2019 cohort stud _ curettage 46 32.5(4.7) 48.7 (9.8) 100% _ 0% and economic Fair China
y 8 approach in the
pretreatment for
uterine scar
pregnancy.
UAE followed by
curettage is
Fahg2009 [25] 2009 Prospective 550y pogg  UAE+ 38 325(48) 5335(772)  100% _ 0% SO (9 Fair China
cohort study curettage medical facilities
where UAE is
available.
UAE combined with
Treatment failure D&C within 24
Gao 2014 [28] 2014 f;ﬁiﬁfgiﬂ’gy 2009-2012 gﬁfﬂ;ge 93 334 (45)  49.84 (7.72) 94.62% géaifi)o[;l:leded 0% Zf‘;zcr;v"fasnj‘safe Fair China
interventions] uterine preservation
treatment for CSP.
UAE + 30.79 o o
curettage 33 4.29) 51.33 (7.57) 100% _ 0%
Tre_atment failure UAE plus curettage
i? =3 hage duri was successful in
UAE + D&C €emorr agf 1ur1ng terminating a
Qian 2015 2015 [42] RCT 2008-2013  + 33 32(4.15) 52 (11.14) 90.91% Sgrgery (n=1) 3.03% gestational sac type  High China
hysteroscopy %] mergency of CSP.
ysterectomy]
additional MTX

therapy (n = 2)
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Year of Study Inclusion Primary Number Gestational Success Treatment Failure Severe. . . Methodological Country of
D Publication Design Period Treatment of Cases Age Age (Days) Rate (%) Causes Complications Conclusion Quali Origin
8 Modality ge (Day! o Rate (%) ty 8
For CSP masses with
a GA of 8 weeks or
Treatment failure more and a diameter
Wang 2013 [47] 2013 fiﬁiﬁg‘;& 2007-2012 gﬁfﬁ;ge 128 (34272; 48.64 (7.98) 88.28% g‘me@ney 11.72% of fg;gf);“ﬁ;gj Fair China
hysterectomy (n = 5) evacuation after
UAE tends to be
unsatisfactory.
UAE followed by
Treatment failure suction curettage
(n=3) seems to have more
Zhuang 2009 UAE + 3223 c, Iodoform meche 5 advantages than .
54] 2009 RCT 2003-2007 s 37 (65) 51.24 (1.4) 91.89% @=1) 0% S Moderate China
Readmitted due to treatment and
bleeding (n = 2) maybe a priority
option.
) UAE + D&C ;I;e:atlrilent failure UAE c'ombined with
Cao 2014 [21] 2014 Retrospective 507 5515 52 33.3(45)  49.13 (14.74) 98.08% [Resection of the 0% D&Cis a safe and Fair China
cohort study h . efficient treatment
ysteroscopy lower uterine for CSP
segment] :
Treatment failure
(n=6)
tamponade with
iodoform gauze Increased
packs or an inflated gestational age
p Retrospective UAE + MTX 32.44 o balloon catheter o increases the risk of . .
Du 2015 [24] 2015 cohort study 2006-2012 + D&C 175 (4.6) 54.05 (14.04) 96.57% (n=3) 3.43% bleeding in CSP Fair China
emergency local CSP treated by
resection via UAE+MTX+D&C.
laparotomy (n = 1)
Emergency
hysterectomy (n = 2)
UAE combined with
Huang 2015 [31] 2015 f;;‘;ﬁiiﬁ;e 2009-2014 PS?EC* MTX 31 (35%;15 42.12 (6.32) 100% 0% Z[g ji(eﬁtat:::f;ggt of Fair China
CSP.
Treatment failure Arterial
(n=5) chemoembolization
tamponade with with MTX was more
Li 2011 [11] 2011 RCT 2002-2009 ~ UAE+MIX 4 Slly 7089 (35.94)  8387% iodoform gauze 0% effective than ey China
+D&C (5.41) 1€ ‘
(n=2) systemic MTX
re—embolization treatment for

(n=3)

termination of CSP.
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ID

Year of
Publication

Study
Design

Inclusion
Period

Primary
Treatment
Modality

Number
of Cases

>

ge

Gestational
Age (Days)

Success
Rate (%)

Treatment Failure
Causes

Severe
Complications
Rate (%)

Conclusion

Methodological Country of

Quality

Origin

Liang 2010 [34]

Shen 2012 [44]

Wu 2012 [13]

Yang 2010 [51]

Zhu 2015 [53]

He 2014 [29]

2010

2012

2012

2010

2015

2014

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

2005-2009

2008-2010

2000-2010

2003-2008

2014

2005-2010

UAE + MTX
+ D&C

UAE + MTX
+ D&C

UAE + MTX
+ D&C

UAE + MTX

UAE + D&C
+
hysteroscopy

UAE + MTX +
hysteroscopy

UAE + MTX
+ D&C

42

25

16

38

46

33

313 (3.6)

32.7 (6)

33.09
(4.33)

315
(7.25)

314 (5.1)

5-10.5 weeks

55.45 (2.11)

48.18 (11.68)

47.73 (11.1)

60.6 (16.4)

100%

96.00%

100%

31.58%

100%

100%

78.79%

Treatment failure
(n=1)
[Hysterectomy]

Treatment failure
(n=26)
Re-embolization
(n=2)
Additional D&C
(n=24)

Treatment failure
n=7)

[underwent multiple
curettages]

0%

4.00%

0%

7.89%

2.17%

0%

6.10%

The use of UAE for
the treatment of CSP
is tolerated well and
has few
complications.

UAE and MTX
appears to be a safe
and effective
treatment for CSP
and causes less
morbidity than
current approaches.
UAE combined with
intraarterial MTX
infusion could be an
effective and safe
treatment for CSP.
UAE combined with
local MTX benefits
women wishing to
preserve fertility and
is suitable for use as
the primary
treatment for CSP.
UAE combined with
suction curettage
under hysteroscopic
guidance is safe and
effective in treating
patients with CSP.
Combination of
laparoscopy and
hysteroscopy is
much safer and
more effective than
uterine curettage as
a supplementary
measure following
the UAE
management of CSP.

Poor

Fair

Fair

Fair

Fair

Fair

China

China

China

China

China

China

SD, standard deviation; MTX, methotrexate; D & C, dilatation and curettage; UAE, uterine artery embolization; CSP, cesarean scar pregnancy; LAOH, laparoscopy-assisted by operative
hysteroscopy; LCSPDS, laparoscopic cesarean scar pregnancy debridement surgery; HIFU, high—intensity focused ultrasound; SCEM, selective chemoembolization with methotrexate;
GA, gestational age; MBV, menstrual blood volume; UAC, uterine artery chemoembolization.
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3.3. Quality Assessment

The quality of most included studies was fair. The final judgments of each study
quality are shown in Table 1, and the details of each quality assessment domain are shown
in Supplementary Tables S1 and S2.

3.4. Analysis of the Outcomes

3.4.1. Time for Serum (-Human Chorionic Gonadotropin (3-hCG) Normalization (Figure 1)
The time for serum 3-hCG normalization (defined as reaching a level of less than or

equal to 5 mIU/mL,) was reported by 20 studies in 23 different study groups. The overall

mean time for 3-hCG resolution to normal level was 29.817 days; 95% CI [26.158, 33.476],

and the analysis was heterogeneous (p < 0.001, I? = 99%).

Studies Estimate (95% C.I.)

Cao 2017 40.760 (36.489, 45.031) B

Gao 2018 39.670 (36.890, 42.450) —.—

Gao. 2018 34.330 (31.050, 37.610) —.

Hong 2017 29.910 (28.164, 31.656) ——

Liu.. 2015 25.130 (23.941, 26.3109) -

Lou 2020 36.100 (33.381, 38.819) —.—

Qiu 2019 19.100 (17.515, 20.605) [ |

Qiu. 2019 18.520 (1/.143, 19.897/) ——
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Figure 1. A forest plot of the time for serum 3-human chorionic gonadotropin (3-hCG) normalization
(defined as reaching a level of less than or equal to 5 mIU/mL,) in days.

3.4.2. Hospital Stay (Figure 2)

Thirty-six groups in 30 studies reported about the duration of hospital stay following
the UAE. The overall mean time of hospitalization was 9.044 days; 95% CI [8.028, 10.060],
and the analysis was heterogeneous (p < 0.001, I = 99%).

Studies Estimate (95% C.I.)

Cao 2017 9.410 (8. 10.255) -

Chen 2017 6.200 (5. 6.564) -

Hong 2017 2.550 (£.021, ©9.079) N

Li 2020 6.440 (5.2 7.672) — -

Liu 2015 /.3a0  (e. 8.050) —-

Gao 2018 6.250 (5. 6.790) —-—

Ou 2020 a.as0 (4. 4.954) —EE—

Zhang 2019 8.000 (6. 9.055) —-

Fahg 2009 172.000 (10. 13.724) — -

Gao.. 2014 6.700 (5 6. — -

Qian 2015 7.970  (7.17 a. -

Qiu 2019 10.050 (0. 1z2. -

Gao. 2018 5.390 (5. 5. ]

Liu.. 2016 11.4080 (10. 1z2. — -

Lou 2020 11.300 (12. 16€. —_—-—

Yan Ma 2017 10.000 [§=3 10. —— -

Huang 2015 L.100 (4. 5. -

LiC 2011 12.480 (11. 13. —-—

Shen 2012 10.100 (9. 10. -

Wu 2012 12.140 z0 _— -

He 2014 2./00 10. — -

Li. 2018 7.800 8. -

Xiao 2018 7.700 s — -

Wang 2021 7.000 9. -

Xiao. 2019 &.170 9. -

Qian. 2015 7.610 a. -

Cao. 2014 §.670 7. -

Zhu 2015 7.900 0. -

Fei 2019 10.600 19. —-—

Liu. 2016 7.000 0. — -

Yang 2010 12.500 13. —_—-—

Wang. 2019 6.660 . —-—

He. 2014 6. /50 /. -

Guo 2018 12 — -

Zhuang 2009 -

Qiu. 2019 2.600 — -

Overall (142=99.02 % , P< 0.001) 9.044 (8.028, 10.060) -
T T T 1
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Figure 2. A forest plot of the duration of postprocedural hospital stay in days.
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3.4.3. Amount of Intraprocedural Blood Loss (Figure 3)

Twenty studies with 24 variable groups reported the amount of intraprocedural blood
loss. The overall effect estimate of the intraprocedural amount of bleeding was 41.881 mL;
95% CI [34.102, 49.661], and the analysis was heterogeneous (p < 0.001, 12 = 99%).

Studies Estimate (95% C.I.)
Chen 2017 56.000 (30.212, 81.788) —_——
Gao 2018 13.110 (12.131, 14.089) -
Gao. 2018 11.440 (9.849, 13.031) [ -
Guo 2018 112.580 (93.769, 131.391) —
Hong 2017 114.420 (107.155, 121.685) -
Li 2018 48.700 (45.555, 51.845) =
Liu 2016 44.880 (31.295, 58.465) —-—
Lou 2020 23.500 (6.916, 40.084) ——
Qiu 2019 59.080 (23.145, 85.015) e e
Qiu. 2019 28.910 (18.619, 39.201) —-—
Wang 2021 20.000 (15.770, 24.230) -
Wang. 2019 6.170 (3.443, 8.897) =
Xiao 2018 29.100 (12.624, 45.576) ——
Fahg 2009 22.900 (9.006, 36.794) ——
Qian 2015 20.000 (11.897, 28.103) -
Qian. 2015 20.000 (-107.518, 147.518)
Wang JH 2013 196.370 (104.904, 287.836)
Zhuang 2009 36.930 (34.993, 38.867) [ -]
Cao. 2014 25.000 (12.660, 37.340) —-—
Huang 2015 8.320 (6.644, 9.996) [ -]
Wu 2012 57.500 (40.350, 74.650) —-——
Zhu 2015 64.400 (34.433, 94.367) —_—
He 2014 94.000 (76.360, 111.640) —
He. 2014 258.500 (123.732, 393.268)
Overall (1°2=99% , P< 0.001) 41.881 (34.102, 49.661)
T - T T 1
-100 o 100 200 300

Figure 3. A forest plot of the amount of intraprocedural blood loss in mL.

3.4.4. Success Rate (Figure 4)

All included studies reported success rate. The overall UAE success rate was 0.934;
95% CI[0.918, 0.951], and the analysis was heterogeneous (p < 0.001, 12 = 84%).

Studies Fstimate (95% C.T.) Fv/Trt

Cao 2017 0.931 (0.881, 0.980) 94/101 — -
Chen 2017 0.939 (0.872, 1.000) 46/49 —-
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Cheng. 2020 0.820 (0.723, 0.916) 50/61 -

Feng Qi 2015 0.773 (0.598, 0.948) 17/22

Feng Qi. 2015 0.893 (0.778, 1.000) 25/28 S T
Fang 2020 0.138 (0.266, 0.609) 14/32

Fei. 2019 0.981 (0.931, 1.000) 26/26 -
Gao 2018 0.060 (0.769, 0.950) 49/57 —_——
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Li 2020 0.964 (0.937, 0.992) 163/169 -
Li. 2018 0.990 (0.979, 1.000) 379/383 =
Liu 2016 0.976 (0.930, 1.000) 41/42 -
Liu. 2016 0.760 (0.593, 0.927) 19/25

Liu.. 2015 0.987 (0.952, 1.000) 38/38 —-
Lou 2020 0.981 (0.945, 1.000) 52/53 —.
Yan Ma 2017 0.911 (0.0238, 0.994) 41/45 e
Ou 2020 0.985 (0.955, 1.000) -
Qiu 2019 0.846 (0.733, 0.959) R
Qiu. 2019 0.957 (0.873, 1.000) R
Wang 2021 0.979 (0.922, 1.000) ——-—
Wang. 2019 0.989 (0.954, 1.000) —i
Xiao 2018 0.995 (0.952, 1.000) ]
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Wang JH 2013 0.641 (0.558, 0.724) —_—-

Zhuang 2009 0.919 (0.831, 1.000) —_——
Cao. 2014 0.981 (0.943, 1.000) —
Du YJ 2015 0.966 (0.939, 0.993) -
Huang 2015 0.984 (0.947, 1.000) — -
LiC 2011 0.839 (0.709, 0.968) N
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Wu 2012 0.971 (0.890, 1.000) —
Yang 2010 0.316 (0.168, 0.464)
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Figure 4. A forest plot of UAE success rate.
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3.4.5. Severe Complication Rate (Figure 5)

All included studies reported a severe complication rate. The overall proportion of
severe complication rate was 0.012; 95% CI [0.008, 0.017], and the analysis was homogenous
(p =0.127,12 = 19%).

Studies Estimate (95% C.I.) EvV/Trt

Cao 2017 0.030 (0.000, 0.063) /101 —F—=———
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Feng Qi 2015 0.022 (0.000, 0.081) 0/22

Feng Qi. 2015 0.017 (0.000, 0.065) 0/28 — -
Fang 2020 0.1b6 (0.030, 0.282) /32
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Gao 2018 0.009 (0.000, 0.032) 0/57 —m

Gao. 2018 0.014 (0.000, 0.051)  0/36

Guo 2018 0.196 (0.087, 0.305) 10/51
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Li 2020 0.003 (0.000, 0.011) os1es R
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Qiu. 2019 0.021 (0.000, 0.07/8) 0723 -

Wang 2021 0.087 (0.000, 0.202) 2/23
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Figure 5. A forest plot of the severe complication rate.

4. Discussion

We analyzed data of 2655 CSP patients treated with UAE as part of first-line man-
agement. The results show that UAE was associated with a mean of 30.3 days for 3-hCG
normalization, a mean hospitalization time of 8.9 days, a mean intraprocedural blood loss
of 41.9 mL, a success rate of 93.4%, and a severe complication rate of 1.2%.

Regarding the time for serum (3-hCG normalization, it was found to be about 30.3 days.
Qiao et al. [55] reported in their meta-analysis comparing adjuvant therapies to D&C, that
UAE plus D&C had a shorter 3-hCG normalization period than MTX plus D&C, which
supports our results and shows that UAE may help decrease the 3-hCG normalization
time. Other studies have also shown a shorter normalization time after UAE compared
with other treatments [28,30,36,51].

The mean amount of blood loss was 41.9 mL in our study. A recent systematic
review and meta-analysis of MTX therapy for CSP reported that the mean blood loss
was 76.3 mL [56], which strongly indicates that UAE probably helps decrease bleeding.
Other studies also reported that the addition of UAE to the treatment protocol led to less
bleeding [11,14,54,57,58].

In this study, UAE was associated with a mean post procedural hospital stay of
8.9 days. A recent meta-analysis of MTX for CSP showed an average stay of 11.7 days when
MTX was used on an inpatient basis as a solo agent for CSP [56]. Another study found that
UAE followed by D&C had significantly less hospital stay than MTX plus D&C [55].

The success rate of UAE in our study was 93.4%, which means that about 2432 patients
managed with UAE as a part of their therapy needed no additional follow-up treatments.
The success rate for MTX combined treatment was lower and equaling 90.7% [56].
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Fifty-five patients (1.2%) managed by UAE reported events of severe complications.
Forty-three of them suffered bleeding more than 500 mL or received a blood transfusion,
fifteen underwent a hysterectomy, and fourteen had laparotomy. Petersen et al. reported
a severe complication rate in different modalities, reaching 3.4% in UAE plus D&C, 1.2%
in UAE plus D&C and hysteroscopy, and 2.8% in UAE plus D&C and MTX, and higher
proportions for other modalities devoid of UAE [59].

4.1. Limitations

Despite being the first study to group all available research on UAE in China as part
of CSP treatment, our study has many limitations. The wide variety of treatment options
used in the included studies makes summarizing the results challenging and prohibits
any meaningful combination of protocols to show that any one regiment is superior or
even notably efficacious. Therefore, our recommendations are somewhat limited as we
are combining many different protocols, all of which included UAE as part of the primary
treatment of CSP. The small sample size for some studies and heterogeneity in the results
are also major limitations. Most studies were of fair rating of quality, so future research
is needed with more structured study designs and a larger scale of participants to ensure
the effectiveness of UAE in CSP treatment. Moreover, as our analysis looked at this novel
technique’s usage only in China, some of our findings may not be applicable to other
countries. Notable is the fact that many consider China’s outpatient care system to still be
developing, which likely accounts for the very long inpatient stays associated with these
studies. This would not be expected in most developed countries with robust outpatient
care systems, and further limits the versatility of this data.

4.2. Strengths

This was the first meta-analysis to look at all the available research on the use of UAE
for CSP coming from China, and we were able to find a very wide breadth of studies to
include. Therefore, although the usefulness of this data in the rest of the world may be
limited, we provide researchers and physicians outside of China a first look at a novel
practice that is likely very foreign to their own modes of practice. In addition, we used strict
adherence to PRISMA guidelines, and were able to solve heterogeneity in most situations.
Many gynecologists around the world may not previously have been aware that these
novel techniques were being used in China.

5. Conclusions

China is producing a large amount of literature on the novel usage of UAE in the
treatment of CSP. Although our study was limited by including many variations in protocols
and modalities that were included with UAE in the treatment of CSP, we were able to
calculate an overall success rate of approximately 93.4%, and a severe complication rate
of approximately 1.2%. Because of conditions unique to the healthcare system in China,
this data may have limited utility in application to patient care in other countries. More
high-quality trials will be needed to further elucidate which exact treatment combinations
and protocols yield the safest and most efficacious results for patients.
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