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Purpose: To validate a 10-point scoring system for the prediction of successful treatment

modality in patients with cesarean scar pregnancy (CSP).

Patients and Methods: Data were collected from women seen between April 1, 2018, and

June 30, 2019, at the Second Affiliated Hospital of Army Medical University of China who

were diagnosed with CSP and underwent evacuation, followed by uterine artery embolization

(UAE) and successive laparoscopic local resection as salvage treatment if necessary. A score

was computed based on clinical and ultrasonographic parameters included in a previously

developed scoring system. Treatment indicated by the scoring system was compared with

actual treatment received. Receiver operating characteristic (ROC) curves were used to

identify cut-off scores for salvage treatment.

Results: Of 183 women, 108 were successfully treated by evacuation, 57 required UAE, and

18 eventually underwent laparoscopic surgery. Among 97 women scoring 0–4, 89 (91.8%)

were treated by evacuation only. Of 69 women scoring between 5 and 7, 44 (63.8%) needed

UAE following evacuation. Of 17 women scoring 8–10, 10 women (58.8%) underwent

laparoscopic surgery. A cut-off of 4.145 was obtained by ROC curve for prediction of any

salvage treatment; this was comparable to the scale’s conventional cut-off of 4. The cut-off

score for women requiring laparoscopic surgery was 6.580, which was lower than 8 obtained

in the scale’s initial validation.

Conclusion: The overall performance of the 10-point scoring system was moderate for

predicting successful treatment modalities of women with CSP, but the scale showed good

predictive ability in recognizing women needing only evacuation before recovery.
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Introduction
Cesarean scar pregnancy (CSP) is a special pregnancy in which the gestational sac

is dislocated into the myometrium and fibrous tissue surrounding a previous cesar-

ean section scar.1 CSP was first identified in 1978,2 and its reported incidence has

increased dramatically since then, paralleling both the rising prevalence of cesarean

delivery and advances in CSP diagnosis.3 The global incidence of CSP was recently

estimated as between 1 in 3000 and 1 in 1800 pregnancies.4 In China, the rate of

CSP is likely increasing with the “two-child policy” under which a large number of

women with a prior cesarean section have become pregnant again.

Because of the particular site of gestational sac implantation in CSP, it is often

accompanied by life-threatening complications such as uterine rupture and cata-

strophic hemorrhage in the absence of rapid diagnosis and treatment. Furthermore,

because CSP is frequently asymptomatic or characterized by symptoms not specific
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to the condition in its early stages, diagnosis is based

principally on sonography and magnetic resonance

imaging.5 Although various treatments exist,6,7 there is

no overall consensus for the management of CSP. It has

been reported that optimal therapeutic effects are generally

achieved through a surgical rather than a medication-based

approach.8 Applying an identical management strategy for

CSP regardless of its severity will inevitably lead to inade-

quate or excessive treatment of some cases. Individualized

treatment should therefore be employed for different

patients based on severity; however, no established guide-

lines exist for the selection of treatment modalities.

In 2018, Sun et al9 developed a 10-point scoring

system to evaluate the severity of CSP and to predict

therapeutic outcomes. The scoring system considers six

factors affecting severity: number of previous cesarean

sections, maximum diameter of the gestational sac, grad-

ing of Doppler signals, appearance of fetal heartbeat,

thickness of remnant myometrium, and type of gesta-

tional sac implantation. Among the six factors, the grad-

ing of Doppler signals was divided into three grades

according to Adler et al,10 and the type of gestational

sac implantation was classified as superficial type, partial

type, and complete type.11 The remnant myometrial

thickness was graded by 1 mm and 3 mm. The diameter

of the gestational sac was graded by 25 mm. The number

of previous cesarean deliveries included one, two, and

three times. Each grade of the six factors was given

a value (Table 1). An overall score ranging from 0 to

10 is assigned based on the different proportions of these

six factors, as described in Table 1. Management deci-

sions can then be based on the resulting score: a score of

0–4 (low risk) suggests suction evacuation – the simplest

and most minimally invasive treatment for early preg-

nancy termination; a score ranging from 5 to 7 (moderate

risk) suggests uterine artery embolization (UAE) –

a treatment minimizing risk of heavy bleeding; and

a score of 8–10 (high risk) indicates that surgical man-

agement such as laparoscopic lesion resection/hysterect-

omy will likely be necessary. However, the risk scoring

system was validated in the same sample population in

which it was developed, which may lead to an overesti-

mation of the scale’s validity.9 Accordingly, we per-

formed a validation of the 10-point scoring system

using data from a different population in a different

time period and further explored its value in clinical

application.

Patients and Methods
Data were collected retrospectively from all consecutive

women diagnosed with CSP and treated in the Second

Affiliated Hospital of Army Medical University of China

between April 1, 2018 and June 30, 2019. Patients who

had been transferred following unsuccessful treatment in

local clinics or other hospitals were excluded, as were

patients with serious diseases of vital organs. All patients

were informed of the procedures and signed a consent

form before surgery about the treatment modality and

allowing use of their medical data. The study was

approved by the Institutional Review Board of the

Second Affiliated Hospital of Army Medical University

of China (protocol number 2016-042-01, dated June 6,

2016).

Diagnosis of CSP in our center is based on character-

istic ultrasound images: an empty uterine cavity and cer-

vical canal, location of the gestational sac in the anterior

wall of the uterine isthmus, with a diminished or absent

myometrial layer between the gestational sac and the

bladder, and a high-velocity/low-impedance perfusion sur-

rounding the gestational sac.10,11

The treatment procedure used has been described

previously.9 Briefly, suction evacuation was carried out in

Table 1 10-Point Scoring System for Assessing the Severity of

Cesarean Scar Pregnancya

Characteristic Classification Score

Remnant myometrial thickness >3 0

1–3 0.54

<1 2.92

Grading of color Doppler signal I 0

II 0.21

III 3.01

Location of gestational sac Superficial 0

Partial 0.13

Complete 0.52

Number of cesarean sections 1 0

2 0.11

3 0.23

Fetal heartbeat Negative 0

Positive 1.23

Diameter of gestational sac (mm) ≤25 0

>25 2.1

Note: aAdapted with permission from Sun QL, Luo L, Gao CY, Yan P, Yang Y, Chen ZQ.

Scoring system for thepredictionof the successful treatmentmodality inwomenwith cesarean

scar pregnancy. Int J Gynaecol Obstet. 2019;146:1–7. © 2019 International Federation of

Gynecology and Obstetric.9
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the outpatient department with blood products, uterine

balloons, and emergency UAE available. The operations

were ceased if vaginal bleeding exceeded 300 mL, in

which case UAE was undertaken within 10 minutes with

uterine balloons for temporary hemostasis. For women

with a residual mass detected by transvaginal ultrasound

the day following evacuation, 10 mg mifepristone per day

was prescribed and followed up at intervals of 1–2 weeks

until serum β-HCG levels dropped to normal and the

residual mass disappeared completely. During the follow-

up period, UAE and laparoscopic local resection (LLR)

were successively undertaken as salvage treatments if

there was severe vaginal bleeding jeopardizing the health

of the patient, or if vaginal bleeding was accompanied by

gradual enlargement of the residual mass. The criteria for

recovery were defined as thorough clearance of retained

products of conception and return of β-HCG levels to

normal. “Successful treatment” referred to the treatment

modality eventually required before recovery.

The following data were extracted from the medical

record of each study participant: maternal age, gravidity,

number of previous abortions (both spontaneous and

induced abortions) and cesarean deliveries, gestational

age, ultrasound characteristics (presence of fetal cardiac

activity, maximum diameter of the gestational sac, mini-

mum thickness of the remnant myometrium between the

gestational sac and the bladder, type of gestational sac

implantation and grading of Doppler signals12,13), time to

negative β-HCG, and time until resolution of residue.

Each patient was classified based on the eventual treat-

ment received (evacuation only, UAE, or LLR). We tested

continuous variables for normality. Continuous variables

were compared between treatment groups using the

Kruskal–Wallis test, and distributions of categorical vari-

ables were compared using the Pearson chi-square test.

A score was calculated for each patient based on clinical

and ultrasonographic parameters included in the 10-point

scoring system (Table 1). The appropriate management

plan suggested by this score was then compared to the

actual treatment approach employed. The association

between actual and predicted treatment was evaluated

with the contingency coefficient, and the consistency of

actual vs predicted treatment was analyzed using the

Kappa concordance test. Cut-off scores were then identi-

fied for any salvage treatment and for laparoscopic surgery

using receiver operating characteristic (ROC) curves, with

the maximum Youden index. All analyses were conducted

with SPSS version 20.0 (IBM, Armonk, NY, USA); statis-

tical significance was defined as P< 0.05.

Results
A total of 199 women were admitted to the study hospital

with CSP during the study period. Ten women who trans-

ferred from local clinics following unsuccessful treatment

were excluded. Three women with incomplete data on the

medical record and another three patients with serious

disease of vital organs were excluded. Therefore, 183

patients were included in the analyses. Of these 183

patients, 108 (59.0%) were treated successfully by evacua-

tion, 57 (31.1%) received UAE as a salvage therapy after

evacuation, and 18 (9.8%) were treated with laparoscopic

surgery as a further salvage measure before recovery

(Figure 1). Table 2 shows the participant characteristics

and univariate comparisons between the three treatment

groups. Overall, patients who received UAE or LLR had

significantly higher gestational age, fewer previous cesar-

ean sections, larger gestational sac diameter, smaller rem-

nant myometrial thickness, higher color Doppler signal

grade, and longer time to negative β-HCG. Patients receiv-
ing more aggressive treatment were also significantly more

likely to have a fetal heartbeat and less likely to have

a superficial gestational sac location. Finally, patients

who received LLR had significantly shorter time to resolu-

tion of residue.

Table 3 shows the scores obtained on the 10-point

scoring system for the overall study sample and by treat-

ment group (each whole number score X captures all

truncated scores between X – 1 and X). Mean scores

were 2.1 ± 1.6, 5.9 ± 1.7, and 7.7 ± 2.3 for the evacuation,

UAE, and LLR groups, respectively, indicating that higher

scores were generally associated with greater likelihood of

salvage treatment. All women with a score of 2 or lower

were treated with evacuation only, whereas all women

with scores of 8 or higher required UAE or laparoscopic

surgery as a salvage treatment.

Table 4 shows the consistency between actual and pre-

dicted treatment. Of 97 patients whose scores suggested

treatment with evacuation only, 89 were actually treated

with evacuation, 6 received UAE, and 2 women required

laparoscopic surgery. The prediction accuracy was thus

91.8% (89/97). Of 69 women whose scores indicated UAE

following evacuation, 44 received UAE, for a prediction

accuracy of 63.8% (44/69). Finally, of 17 women whose

scores indicated LLR, 10 women underwent this procedure,

for a prediction accuracy of 58.8%. The contingency

Dovepress Tan et al

Therapeutics and Clinical Risk Management 2020:16 submit your manuscript | www.dovepress.com

DovePress
431

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


coefficient and Kappa values for agreement between pre-

dicted and actual treatment were 0.645 and 0.610,

respectively.

The area under the ROC curve predicting any salvage

treatment (UAE or LLR) after evacuation was 0.947 [95%

confidence interval (CI) 0.918–0.976, P< 0.001]

(Figure 2). The optimal score cut-off was 4.145, yielding

a sensitivity of 0.839 and specificity of 0.824. The area

under the curve for predicting laparoscopic surgery was

0.888 (95% CI 0.799–0.976, P< 0.001) (Figure 3). The

optimal cut-off score for LLR was 6.580, with a sensitivity

of 0.778 and specificity of 0.861.

Discussion
In the present study, we validated a previously developed

10-point scoring system for the prediction of treatment

modality for CSP.9 To our knowledge, this was the first

validation of a scoring system for CSP management. As

there is no universal standard for the management of CSP,8

the aim of the 10-point scoring system is to provide

a clinical decision-making aide to guide safe and effective

individualized treatment. The original development of the

scale suggested that women scoring below 4 could be treated

successfully with evacuation only.9 This cut-off is similar to

the result of 4.145 found in our study. The original cut-off

for laparoscopic surgery was 8, somewhat higher than our

cut-off of 6.580.

Although the 10-point scoring system obtained

a moderate overall consistency between actual and pre-

dicted therapy in our study, prediction was very good for

women needing only evacuation before recovery. Both in

our study and in the original development of this scoring

Figure 1 Patient flowchart.

Abbreviations: CSP, cesarean scar pregnancy; UAE, uterine artery embolization.

Tan et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Therapeutics and Clinical Risk Management 2020:16432

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


system, the majority of women had low scores, and the

ability to identify women requiring only evacuation repre-

sents an important strength of the scoring system. Among

the various treatment modalities, evacuation is the simplest

and most minimally invasive. In the past, it was generally

suggested that evacuation should not be regarded as the

preferred approach for CSP because of severe complica-

tions that often ensued.14,15 However, in recent years, an

increasing number of studies have reported that evacuation

can be successfully applied in some cases for CSP.16–19

Hence, it is vital to identify those women for whom

evacuation is the optimal treatment modality. Cheng et al16

reported that better therapeutic outcomes could be

achieved with evacuation in CSP patients who had super-

ficial implantation. By preoperative determination of CSP

implantation depth, Cheng et al16 achieved a success rate

Table 2 Clinical and Ultrasonographic Characteristics of Patients by Treatment Group

Characteristics All Patients (n = 183) Evacuation (n = 108) UAE (n = 57) LLR (n = 18) P

Age (years)a 32.7 ± 4.3 32.6 ± 4.0 33.0 ± 4.9 32.7 ± 4.6 0.924

Graviditya 4.7 ± 1.7 4.6 ± 1.4 4.7 ± 21. 5.1 ± 1.8 0.537

Gestational age (days)a 44.9 ± 7.4 41.6 ± 5.1 49.2 ± 7.3 51.7 ± 7.9 0.000

Number of Previous Abortionsb

0 15 (8.2) 9 (8.3) 4 (7.0) 2 (11.1) 0.707

1 53 (29.0) 31 (29.7) 19 (33.3) 3 (16.7)

2 54 (29.5) 34 (31.5) 16 (28.1) 4 (22.2)

≥3 61 (33.3) 34 (31.5) 18 (31.6) 9 (50.0)

Number of Previous Cesarean Sectionsb

1 103 (56.3) 52 (48.1) 40 (70.2) 10 (55.5) 0.042

2 78 (42.6) 55 (50.9) 16(28.1) 7 (38.9)

3 2 (1.1) 1 (1.0) 1 (1.7) 1 (5.6)

Maximal Diameter of Gestational Sac (mm)b

≤25 88 (48.1) 71(65.7) 15 (26.3) 2 (11.1) 0.000

>25 95 (51.9) 37 (34.3) 42 (73.7) 16 (88.9)

Remnant Myometrial Thickness (mm)b

<1 37 (20.2) 7 (6.5) 18 (31.6) 12 (66.7) 0.000

1–3 103 (56.3) 65 (60.2) 32 (56.1) 6 (33.3)

>3 43 (23.5) 36 (33.3) 7 (12.3) 0 (0)

Grading of Color Doppler Signalsb

I 39 (21.3) 38 (35.2) 1 (1.8) 0 (0) 0.000

II 82 (44.8) 62 (57.4) 17 (29.9) 3 (16.7)

III 62 (33.9) 8 (7.4) 39 (68.3) 15 (83.3)

Fetal Heartbeatb

Positive 78 (42.6) 32 (29.6) 33 (57.9) 13 (72.2) 0.000

Negative 105 (57.4) 76 (70.4) 24 (42.1) 5 (27.8)

Location of Gestational Sacb

Superficial 16 (8.7) 15 (13.9) 1 (1.8) 0 (0.0) 0.016

Partial 163 (89.1) 92 (85.2) 53 (92.9) 18 (100.0)

Complete 4 (2.2) 1 (0.9) 3 (5.3) 0 (0.0)

Time to Negative β-HCG (days)a

20 (15, 25) 20 (15, 25) 20 (18, 30) 25 (15, 31.25) 0.040

Time Until Resolution of Residue (days)a

23 (7, 40) 20 (7, 32.75) 25 (20, 47.5) 8.5 (7, 30.75) 0.003

Notes: aKruskal–Wallis test; bPearson Chi-square test. Values are given as mean ± SD, number (percentage), or median (interquartile range).

Abbreviations: UAE, uterine artery embolization; LLR, laparoscopic local resection; β-HCG, human chorionic gonadotrophin.
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of 88.5% (23/26) in women with superficial implantation.

The depth of implantation represents an important compo-

nent of the severity of CSP. However, severity cannot be

assessed only in terms of implantation depth, especially in

the presence of large gestational sac. In contrast, the

10-point scoring system considers multiple variables deter-

mining CSP severity and thus yields a more comprehen-

sive evaluation. Wang et al17 developed a scoring system

to predict bleeding during suction evacuation of CSP. Fang

et al18 also established a scoring system for CSP to guide

treatment decisions by retrospectively reviewing records

of 82 CSP patients. Their scoring system included five

vascularity categories and three pregnancy duration cate-

gories, all of which were assigned equal scores. In our

10-point scoring system, the different grades of each prog-

nostic factor were given different weighted numerical

values denoting the magnitude of their prediction of even-

tual treatment. More importantly, neither of the two pre-

viously developed scoring systems has been validated in

relation to treatment patterns in external populations.

Accordingly, the 10-point scoring system provides

a relatively detailed and credible metric for predicting

successful treatment with evacuation for CSP.

Compared to women who scored at the low end of

the scale, prediction efficiency for women with high

scores was comparatively poorer. It should be noted

that most women scored 4 or below, with fewer than

one-third scoring between 5 and 7, and fewer than one-

fifth scoring above 7. Based on the principle of mini-

mally invasive treatment, we use UAE (combined with

mifepristone) as the first-line salvage treatment and

laparoscopic surgery as a second-line treatment in our

center. Alternative treatments exist for patients with

CSP including hysteroscopy and local resection through

a transvaginal approach. Different medical centers gen-

erally develop their own practice patterns based on

available facilities and expertise, and further research

is required to identify optimal treatment for CSP

patients who have high-risk scores.

Table 3 Scores on the 10-Point Scoring System by Treatment

Group

Score All Patients Evacuation UAE LLR

1 48 48 (100) 0 0

2 7 7 (100) 0 0

3 23 19 (82.6) 2 (8.7) 2 (8.7)

4 19 15 (78.9) 4 (21.1) 0

5 27 15 (55.6) 12 (44.4) 0

6 14 3 (21.4) 10 (71.4) 1 (7.2)

7 12 1 (8.3) 9 (75.0) 2 (16.7)

8 16 0 13 (81.3) 3 (18.7)

9 5 0 4 (80.0) 1 (20.0)

10 12 0 3 (25.0) 9 (75.0)

Total 183 108 (59.0) 57 (31.1) 18 (9.8)

Note: Values are given as number (row percentage).

Abbreviations: UAE, uterine artery embolization; LLR, laparoscopic local

resection.

Table 4 Consistency Between Actual and Predicted Therapy

Predicted

Therapy

Actual Therapy Total P Contingency

Coefficient

Kappa

Evacuation UAE LLR

Evacuation 89 (91.8) 6 (6.2) 2 (2.0) 97 0.000 0.645 0.610

UAE 19 (27.5) 44 (63.8) 6 (8.7) 69

LLR 0 7 (41.2) 10 (58.8) 17

Total 108 57 18 183

Note: Values are given as number (row percentage).

Abbreviations: UAE, uterine artery embolization; LLR, laparoscopic local resection.

Figure 2 Receiver operating characteristic curve for any salvage treatment.
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The strength of this study is that it is the first study to

validate a score system for CSP management. This valida-

tion will contribute to the promotion and use of a 10-point

scoring system. The 10-point scoring system could be used

in the future as an aide for clinical decision-making in the

management of CSP. If applied appropriately and judi-

ciously, the scale could lead to improvements in safety,

efficiency and medical resource allocation, and could alle-

viate some unnecessary burden placed on tertiary referral

centers. The identification of an optimal cut-off score for

women needing only evacuation is of substantial clinical

significance, especially for suburban and community hos-

pitals, which transfer almost all CSP cases to tertiary care

centers because of safety concerns regarding complica-

tions from evacuation. In the present study, all women

scoring below 3 were managed successfully by evacuation.

Therefore, for suburban and community hospitals, a cut-

off of 2 or lower can be safely applied as an indication for

evacuation. In addition, expectant management should be

explored as a possibility for women with low CSP severity

scores who wish to continue their pregnancy.

However, several limitations to our study must be

acknowledged. First, the study population came from

a single medical center, and it is likely that treatment practice

patterns would differ at other institutions (as discussed

above). On a related note, the salvage treatment procedure

at our institution is UAE followed by laparoscopic surgery,

which would not be suitable at all medical centers. We

recommend that future research explore the optimal salvage

modality in relation to severity of CSP and in light of institu-

tional characteristics and clinician expertise and experience.

Finally, universal termination of CSP does not constitute

optimal clinical practice, and a policy of “watch and wait”

may be indicated in cases of CSP with low severity scores.

Before wider application of the 10-point CSP severity scale,

its efficacy for the prediction of optimal treatment and effects

on pregnancy outcomes should undergo further validation.

In conclusion, although the performance of the 10-point

scoring system was moderate overall for predicting success-

ful treatment modalities of women with CSP, predictive

ability was relatively good for identifying women who

required only evacuation before recovery. Women who

scored 4 or lower were most effectively treated by evacua-

tion without further salvage treatment. The ascertainment of

this cut-off score adds to the evidence base supporting

evacuation as a first-line treatment for low-risk CSP.

Nevertheless, before the 10-point scoring system is more

widely applied in clinical practice, further validation is

required in larger samples across multiple clinical centers.
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