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Objective: Cesarean scar pregnancy (CSP) is an uncommon form of ectopic pregnancy that carries the risk of severe bleeding. To
date, there has not been a universally accepted classification and treatment strategy. We performed this study to establish a risk scoring
system and new CSP classification system for CSP and evaluate its efficacy.

Methods: A total of five groups were generated based on different methods of treatment, and the factors that increase the risk of
intraoperative bleeding were examined in our center from 2013 to 2018. The construction of a risk scoring system in this study was
based on the use of the chi-square test and multivariate logistic regression analysis. To determine the appropriate cutoff scores, receiver
operating characteristic (ROC) curves and the area under the curve (AUC) were generated.

Results: We identified the main high-risk factors for excessive intraoperative hemorrhage during CSP surgery through univariate and
multivariate analyses. Within this investigation, the risk factors included gestational sac location and gestational sac diameter. Through
analysis, an optimal cutoff score of 3 was determined, and the area under the ROC curve was calculated to be 0.8113 (95%
CI=0.7696-0.8531). A score ranging from 0-3 was classified as low risk, while a score ranging from 5-7 was classified as high
risk. Additionally, a new classification system for CSP has been established based on sonographic parameters. We also established
a diagnostic and treatment process for CSP patients according to the risk scoring method and new CSP classification.

Conclusion: We identified the high-risk factors associated with bleeding during CSP surgery and developed a scoring system
incorporating these factors. The utilization of this novel CSP typing method, in conjunction with the risk scoring system, can
effectively inform doctors in their decision-making process concerning treatment strategies for patients with CSP.
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Introduction

Cesarean scar pregnancy (CSP) presents mainly as the implantation of a blastocyst within myometrial scar tissue in the
anterior lower uterine segment. When a patient suffers from hemorrhagic shock, emergency surgery may be needed, and
the uterus may be removed. If surgery is not performed in time, the life of patients may be endangered. CSP is currently
categorized into two or three subtypes according to the site of the cesarean section scar and its relationship with the
cesarean section scar.'* Several scholars have proposed different classification methods. Specifically, Du et al proposed
one type of CSP based on the size of the cesarean scar defect (CSD) and demonstrated its value in evaluating the risk of
CSP and guiding the choice of treatment strategies.” However, both of these methods have many drawbacks. For
example, these classification methods are based primarily on whether the gestational sac is located within the uterine
cavity or on the thickness of the scar, which may lead to poor practicability. Therefore, choosing an appropriate treatment

approach is not conducive to doctors, and there is no agreement on the best management method for CSP.
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When making treatment decisions, doctors are influenced by various factors, such as the patient’s overall condition, CSP
classification, blood flow status, and level of experience. Presently, a growing number of doctors opt for treatment methods
that align with the CSP classification. Irrespective of the classification approach, the most suitable treatment modality for
type I CSP is dilatation and curettage (D&C) or hysteroscopy. From an economic perspective, some scholars suggest D&C
as the more suitable option. Even so, some doctors may consider pretreatment with methotrexate (MTX) or uterine artery
embolization (UAE) before surgery.* ® Whether these approaches are appropriate is worth discussing. Hysteroscopy in
conjunction with laparoscopy for type I CSP is the most successful option, but for type I CSP, D&C could be the most cost-
effective option. Some doctors also use scar thickness as the main basis for choosing a treatment plan. A recent study
reported that a CSP with a large gestational sac (over 10 mm) at presentation should be referred for surgical treatment.”
There are similar reports in our research center suggesting that ultrasound-guided D&C may be a reliable treatment.®’
Therefore, there is no significant controversy regarding the choice of treatment plan for type I CSP.

However, there are significant differences in the treatment options for type II and III CSP and in the variety of
treatments chosen for these patients. In one randomized clinical trial (RCT), CSP patients with any of the three subtypes
(types I, II and III) underwent ultrasound-guided curettage with or without uterine artery embolization (UAE). Among
the patients in this clinical trial were also patients with type II and III CSP, and it is worth discussing whether this clinical
trial is feasible.'® However, more type II or type III CSP patients than type I CSP patients underwent operative resection
and uterine repair combined with UAE, temporary occlusion of the artery, high-intensity focused ultrasound (HIFU) or
hysteroscopy.'""'? The objectives of integrating treatment modalities include the mitigation of intraoperative hemorrhage
and the reduction of surgical hazards. Nevertheless, the utilization of UAE in the management of stable CSP patients may
substantially escalate hospitalization expenses. In another investigation, laparoscopy, hysteroscopy, or curettage was
employed to treat type II and III CSP patients.'*'* There is uncertainty in the method of choice for these types of CSP
among doctors, especially regarding D&C; the thin lower segment of the uterus cannot be corrected by D&C, and
catastrophic hemorrhage, which is detrimental to patient fertility, can occur during the operation.

Based on these factors, it is necessary to explore new CSP typing methods to provide better guidance for doctors in
selecting appropriate treatment strategies. The aim of this retrospective study was to establish a novel CSP classification
system according to sonographic characteristics and the risk score. Based on the amount of intraoperative bleeding, we
intended to identify high-risk factors for bleeding using the chi-square test and single-factor logistic regression analysis.
Then, scores were assigned to these factors to distinguish whether the patient was at low or high risk. Finally, we
validated the effectiveness of our proposed classification and scoring system based on different treatment plans.

Methods

Patients and Inclusion Criteria

The present study received approval from the Ethics Committee of Tongji Hospital. Prior to each procedure, all patients
provided informed consent. The standard adopted by many doctors was proposed by Vial (type I* and type II*)' and
a Chinese expert opinion on the diagnosis and treatment of CSP (type I°, type II° and type I11°).? In accordance with the
two classification methods, we conducted appropriate categorizations for all patients. The inclusion criteria were
established based on the findings of our previous study.'® Briefly, the inclusion criteria for this study were as follows:
pregnancy with a history of cesarean section in the lower uterine segment; CSP diagnosed by transvaginal ultrasound
imaging; lower uterine incision scar with gestational sac or mixed mass; a thinning or absent myometrial layer; or
a gestational sac implanted or infiltrated into the muscle layer of the lower uterine segment.

Surgical Approach

We chose a certain treatment strategy (ultrasound-guided D&E, hysteroscopy-guided D&E, laparoscopy-guided D&E,
laparoscopy or laparotomy) based on the ultrasound examination results of each patient, the type of CSP, and the patient’s
symptoms and vital signs. The operations were performed by experienced gynecologists.
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Assessment of Intraoperative Blood Loss

Estimated intraoperative blood loss was recorded during surgery. The intraoperative bleeding volume was assessed by
measuring the weight change in the gauzes and through operator estimation. Excessive intraoperative hemorrhage was
defined as bleeding equal to or greater than 200 mL.

Analysis of Clinical and Ultrasound Characteristics

The study included various clinical and ultrasound characteristics, such as age, urban residency, vaginal bleeding, abdominal
pain, gestational age, number of artificial abortions, number of cesarean sections, interval since the last cesarean section, fetal
heartbeat, perioperative human chorionic gonadotropin (HCG) level, perioperative hemoglobin, intraoperative bleeding
volume, and treatment approach. All patients underwent thorough examinations conducted by proficient ultrasound doctors
who meticulously recorded data pertaining to the gestational sac diameter, gestational sac width, gestational sac area, and
myometrial thickness. The examination involved assessing the relationship between the gestational sac and the scar, including
any outward protrusion or vascular status. Subsequently, the doctor conducted CSP typing based on these findings.

Follow-Up

The initial follow-up schedule was once per week from the first day after discharge until the serum HCG levels returned to
normal. The first phase of follow-up included assessing for vaginal bleeding and serum HCG levels and performing a routine
blood test and ultrasonography. During the second phase, follow-up was conducted once every three months for one year. The
follow-up data included menstrual status, pregnancy status, ovarian function and endocrine levels in addition to the above items.

Statistical Analysis

Statistical analysis software (SAS) version 9.4 was used for the data analysis. The data are expressed as the mean + standard
deviation. Between-group comparisons were conducted using two-sample t tests, while analysis of variance was utilized for
multiple-group comparisons. Count data are presented as the frequency and composition ratio. Between-group comparisons
were assessed using the chi-square test, and Fisher’s exact test was used for data that did not meet the requirements of the
chi-square test. A P value less than 0.05 indicated a statistically significant difference. To screen for independent risk factors
associated with endpoint events, a single-factor logistic regression analysis was initially employed to identify potential risk
factors exhibiting a significant correlation (P<0.2) with the endpoint event; these risk factors were subsequently considered
candidate variables. Subsequently, multiple factor logistic regression analysis was conducted to determine the independent
risk factors influencing the endpoint event using the inclusion criterion of P<0.05. The ROC curve area evaluation model
was used to ascertain the optimal cutoff point through analysis of the area under the ROC curve, thus indicating its
predictive capability. For internal validation and assessment of stability, the tenfold cross-validation method was utilized.
The accuracy of the scoring system was verified using the Hosmer—Lemeshow goodness of fit test (HL test).

Results

Study Population

From 2013-2018, 935 women suspected of having CSP were treated at our hospital. Of these patients, 29 failed to meet the
diagnostic criteria for CSP. As a result, 906 patients were eligible for the study after they met the inclusion criteria. However,
28 of these patients chose expectant treatment; therefore, 878 patients were ultimately included in this study. All the included
patients were divided into five groups according to the therapy type: group 1, ultrasound-guided D&E, 251 patients; group 2,
hysteroscopy-guided D&E, 198 patients; group 3, laparoscopy-guided D&E, 45 patients; group 4, laparoscopy, 91 patients;
and group 5, laparotomy, 145 patients. The baseline characteristics and clinical data of the patients are presented in Table 1.

Screening of High-Risk Factors Affecting Blood Loss and Establishment of the ROC
Curve of the Risk Scoring System

Based on the intraoperative estimated bleeding volume of 200 mL, all patients were divided into two groups (534 patients
with a bleeding volume < 200 mL and 121 patients with a bleeding volume > 200 mL). Many of the clinical factors, such
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Table | Univariate Analysis of Clinical and Sonographic Characteristics of Women with Cesarean Scar Pregnancy by
Intraoperative Bleeding Volume

Factor <200 mL (n=534) 2200 mL (n=121) p value
Age 0.71
<35 357 (66.9%) 83 (68.6%)
235 177 (33.1%) 38 (31.4%)
Urban residents 0.83
No 136 (25.5%) 32 (26.4%)
Yes 397 (74.5%) 89 (73.6%)
Location of gestational sac <0.001
Closer 110 (20.6%) 3 (2.5%)
Implantation 330 (61.8%) 27 (22.3%)
Infiltration 92 (17.2%) 90 (74.4%)
Unknown 2 (0.4%) | (0.8%)
Number of artificial abortions, median (IQR) 0.041
0 109 (20.4%) 20 (16.5%)
[ 134 (25.1%) 41 (33.9%)
2 138 (25.8%) 33 (27.3%)
23 153 (28.7%) 26 (21.5%)
Unknown 0 (0.0%) | (0.8%)
Number of cesarean sections (CS), median (IQR) 0.074
[ 395 (74.0%) 84 (69.4%)
22 139 (26.0%) 36 (29.8%)
Unknown 0 (0.0%) | (0.8%)
Interval from last CS (y), median (IQR) 0.83
<l 57 (10.7%) I (9.1%)
24 175 (32.8%) 36 (29.8%)
25 294 (55.1%) 72 (59.5%)
Unknown 8 (1.5%) 2 (1.7%)
Gestational age (d) <0.001
<42 113 (21.2%) 16 (13.2%)
43-64 339 (63.5%) 62 (51.2%)
>64 68 (12.7%) 39 (32.2%)
Unknown 14 (2.6%) 4 (3.3%)
Diameter of gestational sac (cm), median (IQR) 2.9 (2.0, 4.0) 4.3 (3.0, 5.7) <0.001
Gestational sac width (cm), median (IQR) 1.5 (1.0, 2.4) 2.7 (1.6, 4.1) <0.001
Gestational sac area (cmz), median (IQR) 4.3 (2.1,9.3) 12.5 (5.1, 21.6) <0.001
Remnant myometrial Thickness (cm), median (IQR) 0.3 (0.2, 0.4) 0.2 (0.0, 0.2) <0.001
Color Doppler signal 0.022
No 103 (19.3%) 21 (17.4%)
Yes 348 (65.2%) 92 (76.0%)
Unknown 83 (15.5%) 8 (6.6%)
Fetal heartbeat 0.43
No 283 (53.0%) 71 (58.7%)
Yes 229 (42.9%) 47 (38.8%)
Unknown 22 (4.1%) 3 (2.5%)
Vaginal bleeding 0.12
No 161 (30.1%) 28 (23.1%)
Yes 373 (69.9%) 93 (76.9%)
Abdominal pain 0.42
No 386 (72.3%) 83 (68.6%)
Yes 148 (27.7%) 38 (31.4%)
(Continued)
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Table | (Continued).

Factor <200 mL (n=534) 2200 mL (n=121) p value
Operation methods <0.001

Ultrsound-guided D&E 231 (43.3%) 9 (7.4%)

Hysteroscopy-guided D&E 162 (30.3%) 7 (5.8%)

Laparoscopy-guided D&E 38 (7.1%) 5 (4.1%)

Laparoscopy 46 (8.6%) 30 (24.8%)

Laparotomy 57 (10.7%) 70 (57.9%)
Preoperative hemoglobin (g/L), median (IQR) 125.0 (116.0, 131.0) 115.0 (102.0, 121.0) <0.001
Preoperative HCG (mIU/mL), median (IQR) 32,483.0 (8659.5, 64,668.5) 32,777.0 (5314.5, 77,968.5) 0.80
First HCG after operation (mlU/mL), median (IQR) 2930.0 (838.0, 6290.0) 2189.5 (444.2, 5955.9) 0.15
First hemoglobin after operation (g/L), median (IQR) 109.5 (100.0, 117.5) 94.0 (84.0, 104.0) <0.001

Abbreviations: CS, cesarean section; IQR, interquartile range; HCG, human chorionic gonadotropin.

as age, residence, number of artificial abortions, number of gestational sacs (GSs), interval from the last cesarean section
(CS), gestational sac width, gestational sac area (cm?), fetal heartbeat, main symptoms (vaginal bleeding and abdominal
pain), preoperative HCG and first HCG after the operation, were similar between the two groups. However, there were
significant differences in other factors, including gestational sac location, gestational age, gestational sac diameter,
remnant myometrial thickness, color Doppler signal, operation methods, preoperative hemoglobin, and median and first
hemoglobin after operation, between the two groups. Subsequently, multivariate logistic regression analysis was con-
ducted to examine the associations between factors and compute the odds ratios (ORs) of the identified risk factors,
resulting in the identification of two factors (gestational sac location and gestational sac diameter). The variables used in
the logistic regression and their odds ratios are shown in Table 2.

Next, a scoring system was devised to assess the risk of CSP. Each predictor was assigned a weight, with the weight
of its predictive factor (represented by the smallest § value) set at 1 point. For the remaining predictors, their B values
were divided by the minimum B value and rounded to the nearest whole number to determine their respective weights.
Subsequently, the Hosmer—Lemeshow test was employed to evaluate the model’s goodness of fit, and distinct scores were
allocated to the subgroups of the two factors based on their odds ratios (ORs).

Among the variables examined, gestational sac location (infiltration) had the highest odds ratio (OR) (21.28; 95%
confidence interval: 7.45 to 60.74), followed by gestational sac diameter (>4 cm), with an OR of 1.23. In this particular
scoring system, a score ranging from 0 to 3 was classified as low risk, while a score ranging from 5 to 7 was classified as
high risk. Patients in the high-risk group were 17 times more likely to experience intraoperative bleeding than were those
in the low-risk group. Our analysis utilizing the HL test demonstrated that the assigned scores were predominantly

aligned with the prediction line, indicating a satisfactory level of accuracy for the scoring systems (Figure 1).

Table 2 Multivariate Risk Assessment and Model Establishment

Outcome B Odds Ratio P 95% Confidence Interval | Score
Lower Upper

Gestational sac location
Closer 0 | 0
Implantation 0.88 241 0.110 0.82 7.1 |
Infiltration 3.06 21.28 <0.001 7.45 60.74 5

Gestational sac diameter
<2 cm 0 | 0
2.1-3.9 cm 0.59 1.8 0.135 0.83 3.88 |
24 cm 1.23 3.44 0.002 1.58 7.45 2

Notes: Low risk, 0-3; High risk, 5-7.
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Figure | The goodness of fit of the model was assessed through the utilization of the Hosmer—Lemeshow test for model fitting validation. Following the establishment of
the scoring model, the HL test was employed to ascertain the stability of the model and verify its fit. The obtained p value of 0.9418 suggested that the model performed
satisfactorily in terms of both prediction and fitting. Furthermore, the majority of the data points (represented by blue points) align closely with the diagonal line, indicating
a favorable fit for the model.

Furthermore, the discrimination performance of the CSP risk prediction model was evaluated by utilizing the area under
the receiver operating characteristic (ROC) curve (AUC). The identification of a score of 3 as the optimal cutoff yielded
a prediction model sensitivity of 71% and specificity of 84%. The calculated area under the ROC curve was determined
to be 0.8113, with a 95% confidence interval of 0.7696-0.8531 (Figure 2).
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Figure 2 The validation of the risk scoring system was assessed through the estimation of the ROC curve. The evaluation employing tenfold crossover validation yielded an
AUC of 0.8077. The area under the ROC curve was determined to be 0.8113, with a 95% confidence interval ranging from 0.7696 to 0.8531. A threshold of 3 was identified
as the optimal cutoff.
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New CSP Classification Based on Ultrasound Characteristics

We propose a new classification system for CSP based on the three-dimensional ultrasound results of patients. In our
system, CSP is classified into one of three types: type I, type II or type III. Each type of CSP can be divided into two
subtypes: a and b. According to the proximity of the pregnancy sac to the scar, type I CSP is divided into Ia (the
gestational sac located in the lower segment of the uterine cavity) and Ib (the gestational sac located in the cervical
canal). Type II CSP combines with CSD. The scars were divided into Ila (T > 0.2 ¢cm) and IIb (0.1 cm < T<0.2 cm)
according to their thickness. The scar thickness of type III CSP is less than 0.1 cm, and there is no normal muscle layer;
however, the gestational sac does not protrude outward (IIla). The gestational sac of the type IIIb CSP obviously
protruded outward without a normal muscular layer (Figure 3A—C and Table 3). Each CSP classification and subclassi-
fication corresponded to a unique set of Doppler ultrasound imaging characteristics (Figure 3D-F).

Verification of CSP Type on Ultrasound and the Risk Scoring System in Clinical Cases
Our prior research revealed challenges in selecting an appropriate surgical strategy for patients with type II* or type II°.
In this investigation, novel ultrasound-based typing techniques and risk scoring systems were employed to validate
clinical data, aiming to address the aforementioned concerns. A scoring system was used for validation. The outcomes
revealed notable differences in the proportions of patients in the high-risk and low-risk groups, as well as differences in
scores across five distinct groups (Figure 4A). Strikingly, disparities were observed in the treatment regimens utilized by
patients who fell within two distinct scoring ranges. Within the 0-3 score group, hysteroscopy constituted the largest
proportion, followed by curettage and laparoscopy. Conversely, in the groups with scores ranging from 57, the majority
of patients underwent laparoscopy or laparotomy (Figure 4B). This study confirmed the efficacy of our risk prediction

scoring system and its applicability in the clinical management of CSP.

Closer

Implantation w
Implantation [Tl

Infiltration
Infiltration

Figure 3 Diagrams of different CSP types and their corresponding Doppler ultrasound characteristics. CSP can be divided into three types: closer type (type I), implantation
type (type ll) and infiltration type (type Ill). (A) Closer type (type la and type Ib). (B) Implantation type: implantation lla (thickness =2 0.2 cm) and implantation IIb (0.1 cm <
thickness < 0.2 cm). (C) Infiltration type: type llla (thickness < 0.1 cm) and type IlIb (mass type). (D—F) Ultrasound characteristics of CSP corresponding to different subtypes.
Abbreviations: GS, gestational sacs; BL, bladder.
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Table 3 The Type of Cesarean Scar Pregnancy on Ultrasound

Type |
(Closer type)
la
Ib
Type Il
(Implantation type)
lla
b
Type 1l

Gestational sac is closing or adjacent to cesarean scar

Gestational sac located in the lower segment of the uterine cavity
Gestational sac located in the cervical canal

Gestational sac adherent in the cesarean scar

Remnant myometrial thickness: T2 0.2 cm
Remnant myometrial thickness: 0.1 cm <T< 0.2 cm

Trophoblastic tissue invades the cesarean scar

(Infiltration type)
llla Remnant myometrial thickness: T< 0.1 cm and gestational sac

has not yet protruded to serosa layer

llb Gestational sac prominently protrudes through serosa layer

Next, employing our novel ultrasound-guided CSP typing method, we assessed the distribution of surgical approaches
among all patients. Notably, for patients classified as having the closer type, the predominant approach employed was dilation
and evacuation (D&E), with the highest proportion of patients undergoing ultrasound-guided D&E, followed by hystero-
scopy-guided D&E. The use of laparoscopy or laparotomy was minimal. The percentage of patients classified as implantation
patients who underwent hysteroscopy-guided D&E significantly increased, followed by patients who underwent ultrasound-
guided D&E and laparoscopy-guided D&E. In the case of patients with an infiltration type, laparoscopy or laparotomy was the
preferred surgical approach for the majority of patients (Figure 4C).

Diagnosis and Treatment Mode of CSP Patients

When a patient’s diagnosis of CSP was confirmed through three-dimensional ultrasound, the risk score was determined based on
the size and location of the gestational sac, and the patient was subsequently classified based on the ultrasound findings. Patients
with a score of 03 underwent either D&C or hysteroscopy. Conversely, patients with a score of 5—7 underwent operative
resection (laparoscopy or laparotomy), as illustrated in Figure 5. Additionally, treatment should be tailored to the specific subtype

A A
group B group C group D group E group
e (N=198) (N=251) (N=45) (N=91) (N=145) P Vvalue
Two quantiles of score <0.001
1(0-3) 186 (93.94%) 239 (95.22%) 36 (80.0%) 20 (21.98%) 19(13.10%)
2 (5-7) 2 (1.10%) 3 (1.200%) 7 (16.30%) 66 (76.70%) 123 (86.6%)
Score, median (IQR) 2.0(1.0,2.0) 2.0(1.0,2.0) 2.0(1.0,3.0) 6.0(5.0,7.0) 7.0(6.0,7.0) <0.001
B 8o, ——Ultrasound-guided D&E C 8o ——Ultrasound-guided D&E
_ ssssyHysteroscopy-guided D&E sss9 Hysteroscopy-guided D&E
S mmm| aparoscopy-guided D&E o mmm | aparoscopy-guided D&E
‘S — 60- —laparoscopy S  gp{==Laparoscopy
5 = |_aprotomy % = | aprotomy
2o 2
2.3 401 S 5 401
09 >3
c9 o
o 8 2w
s 9 = o
g a 204 s 5 207
b i
: 0 v tion tion
0-3 5-7 close \mp\anta \nfiltra

CSPrisk assessment score Gestational sac location

Figure 4 The various treatment strategies were scored differently, and the frequencies corresponding to their scores and classifications differed. (A) Observations were
made on the proportion of high-risk and low-risk patients across five distinct surgical methods, as well as their overall scores. The frequencies of surgical procedures were
measured using different methods, including the risk scoring system (B) and ultrasound imaging, to determine the type of CSP (C).

I 2 2 https:

International Journal of General Medicine 2024:17
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Fu et al

CSP patients

Typing

[ B
——{Closer| [[mplantation] [Infiltration|
T

Operative resection

Ultrasound-guided|Hysteroscopy-guided| [Laparoscopy[Laparotomy]

Figure 5 CSP diagnosis and treatment flowchart. The patient’s risk score and classification were determined based on the size and location of the gestational sac, followed
by the adoption of treatment strategies corresponding to different scores and subtypes.

of CSP. In cases where the pregnancy is determined to be of the closer type, direct dilation and curettage (D&C) is recommended.
Conversely, if the pregnancy is identified as an implantation type, it is necessary to incorporate risk scoring in the decision-making
process. The specific methods outlined above should be consulted for guidance. In instances where the pregnancy is classified as
an infiltration type, operative resection (either laparoscopy or laparotomy) is the preferred treatment approach.

Discussion

The incidence of CSP is on the rise due to the increasing number of women with a previous cesarean scar. However, there
is currently no universally accepted clinical guidance for classifying CSP, and the definitions of sonographic character-
istics associated with CSP also lack consistency. The objective of this study was to develop a novel classification and risk
scoring system utilizing ultrasound manifestations of CSP. Our findings demonstrated that the newly devised CSP
classification and scoring system can be used to assess the risk associated with this condition and aid in the determination
of appropriate clinical treatment strategies.

Notably, there is currently no universally accepted treatment approach for CSP. However, a study reported the use of
HIFU ablation followed by ultrasound-guided D&C as a potential treatment option for patients diagnosed with either
type I or type II CSP.'® The utilization of HIFU pretreatment for all type I* CSP patients appears to be unsuitable, while
the application of D&C treatment for all type II° CSP patients remains controversial. Conversely, Yang et al observed
that individuals with type II° and type III° CSP typically opt for immediate termination of their pregnancies during early
gestation rather than pursuing expectant management.'” Nonetheless, some doctors have indicated hysteroscopic treat-
ment as the optimal choice for treating CSP,'® while others hold divergent perspectives on this matter. Excision of the
CSP and subsequent repair of the scar may constitute a more favorable management approach, offering potential benefits
for future fertility.'® These challenges were also encountered within our institution, where the multitude of available
treatment options posed difficulty for physicians in selecting the most appropriate course of action. Previous research has
indicated that certain high-risk factors, such as a gestational sac exceeding 4.5 cm or a myometrial thickness less than
2 mm, can contribute to the persistence of CSP following initial surgical intervention.”’ In our study, we observed that
the highest score was achieved when the gestational sac diameter surpassed 4 cm, and we additionally employed a scar
thickness of 2 mm as the threshold for CSP classification. These results were consistent with the results disclosed in the
aforementioned literature.

Therefore, early diagnosis of CSP and good sonographic characteristics are particularly important for guiding the selection
of treatment strategies. An increasing number of doctors are paying attention to the impact of CSD on pregnancy after another
cesarean section. One study suggested that during scarred uterine pregnancy, the lower uterine segments deform from a V
shape to a U shape and eventually develop uterine rupture.”! Using the modified Delphi method, Jordans et al generated
a sonographic evaluation system for CSP in early pregnancy.*> However, this system is relatively complex, lacks classifica-
tion, lacks clinical guidance and is not suitable for advanced gestation. Another study used the intensity ratio of cesarean scar
tissue to myometrium on contrast-enhanced ultrasound (CEUS) as a quantitative index to diagnose CSP.>* Neither of these
studies provided a specific treatment plan. Therefore, we developed a new CSP classification system based on the location of
the gestational sac, the relationship between the gestational sac and the scar, whether the mass protruded outside the serosa of
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the lower segment of the uterine scar and the thickness of the scar. Our purpose was to evaluate the risk of CSP and guide the
selection of treatment procedures. The surgical techniques employed in our study, along with the subsequent postoperative
results, further substantiate the aforementioned objectives.

Additionally, misdiagnosis or improper management of CSP can potentially lead to the development of placenta
accreta spectrum (PAS) disorders or result in life-threatening hemorrhage. Consequently, the investigation of high-risk
factors associated with CSP is important for its diagnosis and treatment. A residual myometrial thickness less than 2 mm
is considered a significant risk factor for major hemorrhage during curettage.** Furthermore, Du et al discovered that the
area of CSD could serve as a predictive measure for the safety of hysteroscopic procedures in patients with CSP.
However, importantly, all the patients included in this study exhibited high risk factors, such as a mass protruding into the
abdominal cavity or a discontinuous muscle layer.”> Given these circumstances, it is worth considering whether
hysteroscopic surgery truly benefits patients of this nature, as niche resection may be a more suitable alternative.

The correlation between the gestational age at CSP and estimated blood loss was found to be significant in certain
studies;***” however, our present study did not yield similar results. Notably, the two typing methods for CSP mentioned
in our study were also based on high-risk factors, such as scar thickness and protrusion into the abdominal cavity.
Another retrospective study utilized the HCG index (<17,757.0 mIU/mL) and gestational sac size (<10.4 mm) as
indicators of successful systemic MTX treatment for CSP.*® Nevertheless, it is widely accepted that MTX alone is no
longer considered an effective treatment strategy for CSP. Furthermore, our study substantiated the significance of
gestational sac size as a prominent risk factor, thereby emphasizing its crucial role in informing the choice of treatment
intervention. Additionally, we identified the location of the gestational sac as another influential risk factor that, when
combined with gestational sac size, can be used to assess the likelihood of bleeding in patients with CSP effectively and
aid in determining appropriate treatment strategies. More interestingly, the risk scoring system, developed using two
factors, was applied to our patients to effectively evaluate the risk associated with CSP. Notably, the treatment approaches
chosen by doctors remained consistent.

Although we did not directly compare the economic disparities between the D&C and hysteroscopy groups, the literature
indicates that opting for D&C can result in reduced surgical expenses without compromising surgical outcomes.?” Consequently,
we advocate for the selection of D&C, as D&C offers cost savings while ensuring comparable surgical outcomes. Hence, D&C is
preferred for low-risk CSP patients, as our previous research has substantiated the superiority of laparoscopic surgery over open
surgery.'®> Consequently, our primary focus will be on considering laparoscopy for high-risk CSP patients.

Importantly, the retrospective nature of our analysis of previous cases in this study introduces inevitable selection bias,
accompanied by some gaps in the medical records. Furthermore, the absence of follow-up data renders the postoperative fertility
status of each patient unknown. A notable strength of this retrospective study is the substantial number of patients involved.

In this study, we presented a risk scoring system, a novel CSP classification method, and a diagnostic and treatment
flowchart. These tools enable physicians to select appropriate treatment strategies. Additionally, we demonstrated the
feasibility of this process. However, further validation using data from multiple centers is warranted. Therefore,
conducting RCTs to validate these systems is imperative, as they hold the potential to establish a more robust clinical
foundation for the standardized diagnosis and treatment of CSP.
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