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Introduction

A caesarean scar pregnancy (CSP) is defined 
as a gestational sac (GS) located in the scar of 
an earlier caesarean section1. It is a late, serious 
complication of a caesarean section (CS). The fre-
quency of CS is increasing worldwide2, especially 
in China in recent years1. Due to the increase in 
caesarean deliveries (CDs), the incidence of CSP 
is rising3. CSP may progress into placenta accre-
ta, uterine rupture, postpartum hysterectomy, and 
even life-threatening haemorrhage4,5. Unfortu-
nately, there are no standardized guidelines, and it 
is difficult to decide on the optimal management 
for individual CSP cases. A variety of medica-
tions have been adopted in the treatment of CSP6. 
Methotrexate (MTX) is a folic acid antagonist7 
that can effectively kill trophocytes, so it is wide-
ly used in the treatment of CSP. Mifepristone has 
different working mechanisms in preventing em-
bryo development with MTX. This occurs mainly 
through its strong anti-progesterone effect, which 
can cause villi tissues to metamorphosis and ne-
crosis, resulting in embryonic death8. The rational 
application of the two drugs to achieve an optimal 
effect is still worthy of further discussion. Surgi-
cal management mainly includes dilation and suc-
tion (D&S)9,10, hysteroscopy11, and laparoscopy12. 
Laparotomy is usually performed in emergencies 
such as uterine rupture or heavy bleeding. As 
an embryo removal management of CSP10, D&S 
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carries low cost and good curative effect, but it 
is accompanied by risks including haemorrhage, 
low success rate, and even uterine perforation due 
to lack of direct visualization. Hysteroscopic re-
moval of CSP is an alternative minimally invasive 
operation that offers direct visualization, removal 
of the gestational tissue entirely and rapid nor-
malization of β-hCG, but it requires experienced 
surgeons who are skillful at manipulating hys-
teroscopic instruments13. This study discusses the 
more rational use of MTX/mifepristone in the ini-
tial stage before embryo removal in patients with 
CSP, as well as the risk factors associated with 
additional treatment after failure of the initial in-
tervention.

Patients and Methods

Patients
This was a retrospective study conducted in 

the Second Hospital of Xi’an Jiaotong Universi-
ty. Women who visited the hospital for treatment 
of CSP between January 1, 2015, and July 30, 
2021 were consecutively enrolled in this study. 
The following eligibility criteria had to be met: 
(1) ultrasound images confirming the diagnosis 
were available, and the gestational sac was clearly 
visible; and (2) an adequate follow-up period was 

precise and registered. Exclusion criteria included 
cervical pregnancy, inevitable abortion, incom-
plete abortion, caesarean scar choriocarcinoma, 
and significant maternal hepatic, renal, cardiac 
or blood system disease. Patients who received 
curettage or MTX treatment before admission, 
uterine artery embolization, and local injection 
of MTX into the GS as initial treatment for CSP 
were also not enrolled in this study. This study 
obtained informed consent for all patients.

Diagnosis of CSP
CSP was diagnosed through patient history, 

clinical manifestations, serum β-hCG level and 
standard ultrasonography criteria1 (Figure 1): (1) 
the development of a gestational sac in the ante-
rior portion of the lower uterine segment; (2) an 
empty uterine cavity and cervical canal; and (3) 
the absence of a healthy myometrium between the 
gestational sac and the bladder.

Apparatus Examination 
and Clinical Records

Sonographic examinations were performed by 
Voluson series (GE Healthcare, Milwaukee, WI, 
USA) ultrasound equipment. Demographic and 
clinical data were recorded, including maternal 
age, parity, gestational age, presenting symptoms, 
management method, and clinical outcome, with 

Figure 1. Transvaginal ultrasonography of the patient with caesarean scar pregnancy Transvaginal longitudinal sonogram 
of the lower uterine wall showing a gestational sac with a yolk sac (arrow) within the wall, at the region of caesarean section 
scar. The uterine cavity and cervical canal were empty. Cx, cervix; F, fundal endometrial cavity; S, scar of caesarean section.
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approval from the Institutional Review Board of 
the Second Hospital of Xi’an Jiaotong University.

Treatment Methods and Grouping
With the exception of surgical management 

being chosen for women who had signs of uter-
ine rupture or were haemodynamically unstable, 
the usual treatment was determined on a case-
by-case basis depending on the woman’s pref-
erence and presenting symptoms. For clinically 
stable women, medical management in the form 
of systemic methotrexate and/or mifepristone was 
given, followed by embryo removal. The initial 
medical treatment modalities in our study were as 
follows: (i) 14 patients in group one were admin-
istered oral mifepristone (50 mg twice daily, Day 
2) only14; (ii) 29 patients in Group two received 
intramuscular MTX injection of a single dose of 
50 mg/m² body surface area15 only; and (iii) 23 
patients in Group three were administered 50 mg/
m² body surface area MTX by intramuscular in-
jection combined with oral mifepristone (50 mg 
twice daily, Day 2)14. Embryo removal was per-
formed until ultrasound revealed the absence of 
blood flow velocity around the gestational sac, or 
serum β-hCG fell below 2000 mIU/L or was re-
duced by more than 60%8.

The embryo removal procedures included 
manual vacuum aspiration with a Karman can-
nula (D&S) under ultrasound guidance, transcer-
vical resection (TCR) by hysteroscopy, and hys-
terotomy by laparotomy. The treatment modality 
was based on the clinician’s experience with in-
corporating the patients’ desire. The consensus 
for treatment involves the least invasive surgery 
for different CSPs. Patients who underwent D&S 
were in a lithotomy position. Transabdominal ul-
trasound was used to monitor the performance 
of the instruments. After adequately dilating 
the uterine cervical canal, suction curettage was 
performed to remove the retained products of 
conception and to remove blood clots. Sharp cu-
rettage was not performed to reduce the risk of 
bladder injury or uterine rupture. Patients who 
underwent hysteroscopy were placed in the dor-
solithotomy position under spinal anaesthesia by 
experienced gynaecologists to remove the prod-
ucts of conception. After the cervix was carefully 
dilated by Hegar dilators from 5 mm to 11 mm, an 
operative hysteroscope (CA95138, Stryker, USA) 
with a 10 mm external diameter was placed in-
side the uterus under transabdominal ultrasound 
guidance. A continuous flow 26F hysteroscopic 
resectoscope with a 90-degree wire loop elec-

trode and an electrosurgical generator (VIO300S, 
ERBE, Germany) on a setting of 70 W of coagu-
lation current and cutting current were used. The 
intervention began by identifying the implan-
tation of the ectopic sac. First, the vessel bed of 
the implantation site was exposed and coagulated 
for haemostasis. Then, the electric loop was used 
without electricity to curettage the residual tissue 
in the diverticulum of the caesarean scar and to 
remove the residual villi. Finally, a hysteroscopic 
rolling ball was used to stop the bleeding point. 
Layer-by-layer laparotomy was performed under 
general anaesthesia. The bladder was separated 
from the cervix to expose the pregnancy. After 
injection of six units of saline into the lesion, the 
lesion was dissected and removed. Dilation and 
curettage of the uterus were then performed. The 
incision was sutured by a continuous double-layer 
lock stitch with 1-0 absorbable sutures. The peri-
toneum was closed using 2-0 absorbable sutures. 
The amount of bleeding during surgery was ob-
served in all patients.

Our definition of complications included blood 
loss greater than 500 mL during and after treat-
ment and internal organ injuries associated with 
treatment15. Treatment failure was defined as a 
reduction in serum β-hCG titer by <15% or an in-
crease in serum β-hCG titer from pretherapy lev-
els one week after initial treatment; these patients 
needed additional treatment16.

Follow-Up
Postoperative follow-up and telephone fol-

low-up occurred until their serum β-hCG value 
returned to normal. Follow-up was focused on the 
patients’ serum β-hCG, transvaginal colour Dop-
pler ultrasound and any additional complications, 
including abnormal vaginal bleeding, abdominal 
pain, and intrauterine adhesions.

Statistical Analysis
Data are expressed as the mean ± standard 

deviation (SD) and case number (n). All statisti-
cal analyses were performed with SPSS version 
18.0 (SPSS Inc., Chicago, IL, USA). Comparisons 
between unpaired groups were made by the chi-
squared (χ2) test or Fisher’s exact test for categor-
ical variables. Comparisons for continuous vari-
ables between the three groups were performed 
using one-way analysis of variance (ANOVA) or 
the Kruskal-Wallis test according to homogene-
ity of variance. Comparisons for continuous vari-
ables between the two groups were performed 
using independent t-tests or Mann-Whitney U 
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tests according to homogeneity of variance. Lo-
gistic regression analysis and receiver operating 
characteristic (ROC) curve analysis were used to 
evaluate factors predicting additional treatment 
after initial intervention failure. A p<0.05 was 
considered statistically significant.

Results

A total of 66 patients were admitted with CSP 
during the study period. The clinical characteris-
tics of pregnancies are shown in Table I. Accord-
ing to our initial medical treatment modalities, 14, 
29, and 23 patients were categorized as Group one, 
Group two and Group three, respectively. There 
were no statistically significant differences in the 
demographic characteristics between the three 
groups, except for a gestational age of >8 weeks, 
myometrial thickness, cardiac activity, mean sac 
diameter, hospitalization cost and hospitalization 
days. Women’s ages ranged from 21.0 to 44.0 years 
(mean: 32.86 ± 4.64 years). The gestational age at 
diagnosis ranged from 5.29 to 12 weeks (mean: 
7.37 ± 1.39 weeks) in our study, and there was no 
statistical significance between groups. Patients 
in Group one all showed a low gestational age 
(≤8 weeks) at the time of diagnosis and treatment. 
Eleven patients (37.93%) in Group two and eight 
patients (34.78%) in Group three had a gestational 
age of >8 weeks (Figure 2). There was a statisti-

cally significant difference after grouping accord-
ing to eight gestational weeks. The mean time 
interval between the last CS and CSP was 65.76 
± 51.87 months (range 5-252 months). Regarding 
the number of caesarean sections before CSP, out 
of the 66 women who participated in the study, 40 
(60.61%) had a caesarean section, and 26 (39.39%) 
had two CDs. The mean number of prior dilations 
and curettages was 0.76 ± 1.02 (range 0-4). There 
was one case of uterine rupture with surgical re-
pair, and one previous case of surgical resection of 
CSP with repair of CS in Group three. A total of 26 
(39.39%) patients had no symptoms, and irregular 
vaginal bleeding (35 patients, 53.03%) and abdom-
inal pain (17 patients, 25.76%) were the most com-
mon presenting symptoms.

Ultrasonography of our cases showed a mean 
myometrial thickness of 3.45 ± 1.33 mm (range 
1.20-8.0 mm), a mean sac diameter of 18.47 ± 9.92 
mm (range 7.50-54.0 mm) and foetal heartbeat in 
27 (40.91%) patients. The ultrasonographic find-
ings of CSP significantly differed from the treat-
ment groups (p<0.05). Compared with Group 
one, Group two and Group three showed a thin-
ner myometrial thickness and a higher percent-
age of cardiac activity. There was no significant 
difference between Group two and Group three. 
Further comparing the gestational sac diameter 
between each group, the sac diameter of Group 
three was significantly larger than that of Group 
one (p=0.008<0.05).

Figure 2. Flow chart of patients. W, weeks; MTX, methotrexate; D&S, dilation and suction; HSC, hysteroscopic resection.
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Although there was no significant difference 
in the initial serum b-hCG level among the treat-
ment groups (Table II), the situation was different 
after grouping according to eight weeks of ges-
tational age (Figure 3). In patients with less than 
eight gestational weeks, there was no significant 
difference between treatment groups (p<0.05). In 
patients with more than eight gestational weeks, 
there was a significant difference between Group 
two and Group three (p=0.029<0.05). The time of 
serum β-hCG resolution after embryo removal did 
not differ between groups. Eight, three and two 
patients underwent ultrasound-guided D&S, and 
6, 25, and 20 patients underwent hysteroscopic re-
section (HSC) of gestational tissue in Group one, 
Group two, and Group three, respectively (Table 
II). One woman in Group two underwent edge 
excision of the CSP by laparotomic hysterotomy 
with successful repair of the myometrial scar. A 
32-year-old woman in Group three who under-
went excision of CSP by laparotomic hysteroto-
my as primary surgical treatment had ultrasono-
graphic findings of extremely thin myometrium 
and almost penetrating uterine serosa. The initial 
intervention success rates were 92.86%, 89.66%, 

and 65.22% in Groups one, two, and three, respec-
tively, while the complication rates were 14.29%, 
6.90%, and 26.87%, respectively (Table II). Based 
on Fisher’s exact test, Group three had a slightly 
lower initial success rate, and the complication 
rate showed no significant difference between 
groups. Two cases were found to have placenta 
accreta after embryo removal and needed addi-
tional treatment, one case in Group two, and one 
in Group three. Hysterotomy by laparotomy was 
performed in two women as a primary surgical 
treatment, one due to severe abdominal pain and 
bleeding suggestive of scar rupture at eight weeks 
of gestation in Group two, and another in Group 
3 with heavy vaginal bleeding and a history of 
surgical resection of CSP five years prior whose 
ultrasonographic findings showed GS bulged out 
and covered only by uterine serosa. Additional 
treatment with intralesional methotrexate was 
given to three women who had developed foetal 
cardiac activity after intramuscular methotrexate 
therapy, one in Group two and two in Group three.

Table III lists the results of univariate analysis 
of risk factors for additional treatment after initial 
intervention failure. It is clear that the group that 

Figure 3. Comparison of initial serum b-hCG level between treatment’s groups at different gestational weeks. Gestational 
weeks, ≤8 w, Less than or equal to eight weeks, >8 w, more than eight weeks; bhCG, human chorionic gonadotropin; W, weeks
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needed additional treatment had a significantly 
higher mean sac diameter and belonged to differ-
ent treatment groups (p<0.05). In the binary logis-
tic regression model, only mean sac diameter was 
a significant risk factor for additional treatment 
after initial intervention failure, with an odds ra-
tio of 1.113 (CI 95%: 1.036-1.196, p=0.003≤0.05). 
The ROC curve analysis was used to evaluate risk 
factors capable of predicting additional treatment. 
The area under the curve (AUC) for the mean 
sac diameter was 0.816 (CI 95%: 0.684-0.949, 
p=0.001) (Figure 4). For the mean sac diameter, a 
cut-off of 22.75 mm was the preferable indicator.

Discussion

Various treatment strategies, including expect-
ant, medical and surgical methods, are performed 
for CSP, but unfortunately, its optimal manage-
ment remains to be determined17. A previous 
study6 found approximately 31 primary treatment 
methods for 751 CSP patients, and the highest 
number of complications were those involving the 
use of MTX alone (62%) with D&S (62%). Due to 
the high complications and long treatment peri-
od of using the pharmacological approach alone, 
our centre has mainly carried out pharmacologi-
cal approaches combined with embryo removal, 
including D&S, hysteroscopy and laparotomic 

hysterotomy, for the treatment of CSP. The first 
phase of the pharmacological approach includes 
mifepristone only, MTX only, and mifepristone 
combined with MTX.

The clinical features of CSP differ among dif-
ferent types. Previous studies18,19 have shown that 
more than half of patients experience vaginal 
bleeding as an early symptom of CSP. In terms 
of clinical symptoms, our study was consistent 
with previous reports and showed no significant 
difference between treatment groups. Our study 
also showed that there was no difference in the 
average gestational age among the three groups, 
but that after grouping by eight gestational weeks, 
there were more cases diagnosed in Group two and 
Group three. However, Group one had shorter hos-
pitalization days and a lower hospitalization cost. 
Based on these reports and our results, we strong-
ly recommended paying more attention to patients 
after caesarean section. Early detection of CSP is 
critical to optimizing the therapeutic protocol and 
shortening the hospital stay. The ultrasonograph-
ic findings of CSP in our study showed significant 
differences between treatment groups (p<0.05). 
Group one showed a thicker myometrium, small-
er mean sac diameter, and a lower proportion of 
cardiac activity in the gestational sac. This implied 
that ultrasonographic findings not only played a 
very important role in the early diagnosis of CSP 
but also might contribute to the choice of treatment 

Figure 4. Receiver operating characteristic (ROC) curve analysis of risk factor for additional treatment of CSP. The AUC for 
mean sac diameter.
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options. Timor-Tritsch et al20 have suggested that 
detailed transvaginal ultrasonography for CSP, 
such as screening for aneuploidy, should be per-
formed in pregnant women with a history of cae-
sarean section at gestational weeks 5-7.

After mifepristone/MTX treatment, embryo 
removal was finally performed in all three groups 
according to the decline in serum β-hCG levels. 
Some studies reported3,21 that expectant manage-
ment was not considered an appropriate approach 
because the histopathologic features of CSP pre-
vented complete detachment of the gestational sac 
from the scar diverticulum, exposing the pregnant 
woman to a high-risk haemorrhagic event. In our 
study group, we had no expectant management in 
the study period. There was no significant differ-
ence noted in serum β-hCG resolution time after 
embryo removal and complication rate (p>0.05) 
among treatment groups. However, embryo re-
moval modalities differed among treatment 
groups. More patients in Group one underwent 

ultrasound-guided D&S, while more patients in 
Groups two and three underwent HSC. One pa-
tient in Group two and one patient in Group three 
underwent laparotomic hysterotomy. This may be 
related to the complexity of the patient’s initial 
condition and ultrasonographic findings. A previ-
ous report15 showed that the thinner the myome-
trium between the gestational sac and the bladder, 
the more difficult the treatment is, and the more 
likely surgery is. The thickness of the uterine 
myometrium in the above two patients was very 
thin, measuring only 1.5 mm for the patient in 
Group two and 1.2 mm for the patient in Group 
three. Patients in Group one had fewer gestation-
al weeks, smaller gestational sac diameters, and 
thicker myometriums, so there were more cases 
of ultrasound-guided D&S with low cost, less in-
jury, and rapid recovery. More patients in Group 
two and Group three chose hysteroscopy as the 
option with better visualization, but which was 
relatively expensive. Hysteroscopic resections 

Table I. Demographic characteristics (n=66).

	 Group one	 Group two	 Group three	 p

Case number (n)	 14	 29	 23	

General information				  
  Age* (mean±SD)	 33.64±5.61	 32.59±4.75	 32.74±3.97	 0.778
  Gestational age* (wks) (mean±SD)	 6.58±0.84	 7.58±1.48	 7.59±1.43	 0.057
Gestational age>8 wks§ (n,%)	 0	 11 (37.93%)	 8 (34.78%)	 0.015
  Internal from prior cesarean section 
  (months)* (mean±SD)	 74.57±53.70	 63.28±52.70	 63.52±51.46	 0.779
  Number of prior cesarean sections* (mean±SD)	 1.43±0.51	 1.41±0.50	 1.35±0.49	 0.857
Number of prior dilatation and curettage* 
(mean±SD)	 1.07±0.92	 0.72±1.19	 0.61±0.89	 0.417
Number of prior CSP (n)	 0	 0	 1	
Operations (n)		
    No	 14	 29	 21	
Uterine rupture and surgical repair	 0	 0	 1	
Surgical resection of CSP with repair of CS	 0	 0	 1	
Hospitalization daysϮ (median, range)	 7.0	 14.0	 15.0	 <0.001
	 (4.0-13.0)	 (6.0-25.0)	 (7.0-28.0)	
Hospitalization cost (yuan)* (mean±SD)	 6098.79±2436.05	 10439.38±2254.64	 11872.52±3123.73	 <0.001

Symptoms of the patients at presentations§ (n, %)				  
 Irregular vaginal bleeding	 7 (50%)	 18 (62%)	 10 (43%)	 0.397
 Abdominal pain 	 3 (21.43%)	 7 (24.14%)	 7 (30.43%)	 0.802

Ultrasonographic findings of CSP				  
  Myometrial thickness (mm)* (mean±SD)	 5.21±1.20	 3.15±0.93	 2.75±0.81	 <0.001
  Cardiac activity in gestational 
  sac (Yes/no)§(n, %)	 2 (14.29%)	 12 (41.38%)	 13 (56.52%)	 0.010
  Mean sac diameter(mm)Ϯ (median, range)	 15.0	 14.5	 13.5	 0.017
	 (8.0-19.0)	 (7.5-51.0)	 (9.0-54.0)	

n: number. wks: weeks. Range, min-max. *ANOVA test. §Chi-squared test. ϮKruskal-Wallis test.
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could offer accurate diagnosis by observing the 
CSP gestational tissue at the implantation site and 
offering appropriate management by separating 
the gestational tissue from the uterine wall and 
coagulating the blood vessels directly22. Lap-
arotomy could effectively remove the residual 
gestational tissue and repair the ‘niche’ simulta-
neously23. However, laparotomy and uterine re-
pair could become complicated by postoperative 
intra-abdominal adhesions and poor scar healing, 
which might have adverse effects on women’s fer-
tility. Therefore, laparotomy is usually only per-
formed in emergency situations (such as uterine 
rupture or heavy bleeding) in the treatment of 
CSP. In our study, surgical management was per-
formed in two women as a primary treatment, one 
due to severe abdominal pain and bleeding sug-
gestive of scar rupture, and another with a history 
of surgical resection of CSP and heavy vaginal 
bleeding. On ultrasonographic findings, the GS 
bulged out and was covered only by the uterine 
serosa. Regardless of the drug treatment protocol, 
there was no significant difference in the time of 
serum β-hCG resolution among treatment groups. 
This indicated that as different methods of em-
bryo removal, D&S, HSC, and laparotomic hys-
terotomy could all quickly reduce serum β-hCG 
levels according to the different initial conditions 
of patients.

Our data showed that there was no signifi-
cant difference in initial serum b-hCG among 
treatment groups (p>0.05). After grouping ac-
cording to eight weeks of gestational age, those 
who were less than eight gestational weeks were 
further compared among groups, and there was 
no significant difference found among groups. 
At more than eight gestational weeks, there was 
a significant difference between Group two and 
Group three (p<0.05) (Figure 3). This may be 
due to the doctors’ preference for MTX combined 
with mifepristone as an initial medical treatment 
protocol for patients with relatively complicated 
conditions, such as higher gestational age and a 
high level of initial serum β-hCG. Methotrexate 
and mifepristone have different working mecha-
nisms in preventing embryo development8. The 
combined use of the two drugs may play a stron-
ger role in embryocidal effects. This also further 
showed that the use of mifepristone alone as ini-
tial medical treatment combined with embryo 
removal was not recommended for patients with 
gestational age greater than eight weeks and high 
initial serum β-hCG levels. For CSP cases with a 
larger gestational age and a high level of initial se-

rum β-hCG, MTX combined with mifepristone as 
the initial medical treatment was recommended.

Most published studies24-26 have explored the 
relationship between gestational sac diameter and 
the success rate of treating complications. Wang 
et al24 reported that a gestational sac of >5 cm in 
CSP is an independent risk factor for the failure 
of conservative treatment. Our study focused on 
the relationship between gestational sac diameter 
and additional treatment after initial intervention 
failure and showed that the group that needed ad-
ditional treatment had a significantly higher mean 
sac diameter and belonged to different initial 
treatment groups (p<0.05). As mentioned above, 
this may be related to the more complex condition 
of patients in Group three prior to treatment. In 
the further binary logistic regression model, only 
mean sac diameter was a significant risk factor 
for additional treatment after initial intervention 
failure, with an odds ratio of 1.113 (CI 95%: 1.036-
1.196, p=0.003≤0.05). For the mean sac diameter, 
a cut-off of 22.75 mm was the preferable indicator 
evaluated by the ROC curve (AUC 0.816). This 
implied that gestational sac diameter in CSP is an 
independent risk factor for additional treatment 
after initial intervention failure.

A limitation of this study is that its retrospec-
tive nature may contain selection bias regarding 
the patients involved, and more prospective stud-
ies are needed. Another limitation of this study is 
that the population size of this study is not strong 
enough, the conclusions may be limited, and a 
much larger population is needed. In addition, 
our study population was Chinese, and our results 
may not be applicable to other ethnic groups.

Conclusions

Our study shows that MTX/mifepristone fol-
lowed by embryo removal is a reliable way to treat 
caesarean scar pregnancy. Methotrexate alone or 
MTX combined with mifepristone is recommend-
ed as the first option for initial medical treatment 
for patients with large gestational weeks, thin 
myometrium, and high level of initial serum 
β-hCG, in conjunction with embryo removal. For 
CSP patients with MTX contraindications or an 
unwillingness to use MTX, when the gestation-
al age is less than eight weeks, the uterine myo-
metrium is not very thin and has a relatively low 
initial β-hCG level. Mifepristone alone can be 
considered in the initial medical treatment stage, 
followed by embryo removal. Mean sac diameter 
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was a significant risk factor for additional treat-
ment after initial intervention failure, and a cut-
off of 22.75 mm was the preferable indicator. The 
standard treatment to manage CSP patients has 
not yet been established. However, the personal-
ized evaluation of the condition before treatment 
could support doctors in making better choices in 
terms of efficacy and safety.
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