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Background: To evaluate the efficacy, safeness and cost of ultrasound-guided local lauromacrogol injection (USG-LLI) combined with curettage and hysteroscopy for cesarean scar pregnancy (CSP).
Methods: This was a retrospective study included 151 CSP patients diagnosed with CSP from June 2017 to December 2019, and treated by USG-LLI (n = 86) or uterine artery embolization (UAE) (n = 65) combined with curettage and hysteroscopy. Clinical data and outcome were analyzed.
Results: There were no significant differences in basic clinical characteristics in the two groups. Two groups showed the similar success rates. USG-LLI group, compared with UAE group had significantly lower complication rates (9.30 vs. 44.62%), lower total costs (both medical and non-medication cost) (p < 0.05).
Conclusions: USG-LLI combined with curettage and hysteroscopy is a feasible method to treat CSP with minimal invasion and high efficacy. Moreover, compared with curettage after UAE, USG-LLI exhibited lower complication rate and required fewer expenses.
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INTRODUCTION
Cesarean scar pregnancy (CSP) is a rare type of ectopic pregnancy characterized by an empty uterus and cervical canal, and a gestational sac (GS) located in the anterior uterine scar of cesarean section with thin myometrium between the sac and the bladder (Fylstra, 2002).
It is recently estimated that 1 in 531 women with a cesarean scar will have a CSP and that 4.2% of ectopic pregnancies are CSP (Singh et al., 2012). CSP may lead to life-threatening complications, such as massive vaginal bleeding and uterine rupture, because of the thin muscle wall the scar has, which reduces the contractility of the uterus.
At present, there is no consensus on the standardized therapy for CSP in clinical practice (Petersen et al., 2016). Common treatment methods include drug therapy, curettage under the ultrasound, uterine artery embolization (UAE), and operative hysteroscopy followed by curettage. It should be noted that an effective treatment not only should prevent the occurrence of severe blood loss, but also preserve fertility function, women’s health, and quality of life (Gao et al., 2018; Kim and Moon, 2018).
Blocking the blood flow to the sac through the method of uterine artery embolization (UAE) results in the death of the embryo and reduces bleeding during curettage. UAE followed by curettage has been applied in the treatment of CSP for its minimal invasion and efficiency, but it may incur uncomfortable sensation of fever, leg pain, and postembolization syndrome (Tumenjargal et al., 2018).
Lauromacrogol (Polidocanol; Polyoxyethylene 10 laurylether) is a foamed sclerosant drug and is the most commonly used sclerosant (Dong et al., 2019). It has been widely applied in sclerotherapy of uterine myomas, hemangioma, varicose vein of the lower extremities, and cyst disease (Eckmann, 2009; Zhou et al., 2014).
We supposed that local lauromacrogol injection could block the veins around gestational sac located at the cesarean scar, kill the embryo and prevent hemorrhage during curettage. Here we introduce the treatment for CSP and investigate the efficacy and cost of ultrasound-guided local lauromacrogol injection (USG-LLI) combined with curettage and hysteroscopy for CSP compared to UAE pretreatment.
MATERIALS AND METHODS
Study Patients
This retrospective study was approved by the ethics committee of Zhejiang Provincial Peoples’ Hospital (2019KY291). From June 2017 to December 2019, this study collected 151 CSP patients from Department of Gynecology in Fujian provincial hospital, Department of Gynecology in Zhejiang Provincial Peoples’ Hospital, the two hospitals were the central hospitals which accepted many patients from primary hospitals in each province.
Patients with a ruptured uterus, massive vaginal bleeding, abnormal coagulation, lack of myometrial layer between the bladder and sac, severe cardiac, lung, kidney, or liver disease, acute inflammation, or an allergy to lauromacrogol were excluded. Patients with a sac larger than 60 mm were excluded from this study.
The two centers had both techniques, and all patients accepted informed consent and were informed of the benefits and potential risks of each methods, and patients selected the method by themselves. The medical records and ultrasound of all patients with CSP were collected from the original medical records and clinical interview follow-ups.
Diagnosis
The diagnosis of CSP was made by the history of cesarean delivery and serum β-hCG (β-human chorionic gonadotropin) and we confirmed patients with CSP using the following transvaginal ultrasonographic criteria (Timor-Tritsch et al., 2012): 1) an empty uterine cavity and cervical canal, without contact with the sac; 2) a gestational sac at the anterior wall of the isthmic segment with or without cardiac activity; 3) a visible myometrial defect between the bladder and the sac; 4) functional trophoblastic/placental circulation surrounding the gestation sac/mass.
UAE Combined With Curettage and Hysteroscopy
UAE with local MTX infusion before curettage was performed. We selected the right transfemoral approach for artery access, and the uterine artery was selectively catheterized with a 5F Yashiro catheter (TERUMO, Tokyo, Japan) and embolized with 1,000–1,400 μm sized gelatin sponge particles (Alicon Co. Ltd., Hangzhou, China), with 25 mg methotrexate (MTX) infused into each uterine artery bilaterally prior to the embolization procedure. After embolization, angiography was conducted to confirm whether the occlusion of the blood flow was finished. Traditional curettage were performed first and then hysteroscope checked 24–72 h later by qualified doctors.
Ultrasound-Guided Local Lauromacrogol Injection (USG-LLI) Combined With Curettage and Hysteroscopy
A 21-gauge needle was used (Hakko, Tokyo, Japan) to inject the lauromacrogol, and the location of the gestational sac was identified for injection under transvaginal ultrasound. 5–10 ml lauromacrogol (Lauromacrogol Injection, 10 ml: 100 mg; Tianyu Pharmaceutical Co. Ltd., Shanxi, China) was slowly injected at several points around the peritrophoblastic tissue until rare blood flow was detected peripherally. 12–24 h later, after the vascularity of the lesion completely obstructed, curettage and hysteroscopy were performed by qualified doctors. Before lauromacrogol injection and hysteroscopy, transvaginal contrast-enhanced ultrasonography by sulfur hexafluoride microbubble (Bracco, Milan, Italy) was performed individually to examine the blood supply. Specimens were sent for pathological examination.
Cost Analysis
Both direct and indirect costs were calculated in our study. The direct costs included the cost of medication, patient care, clinical procedure, nursing, ward, clinical material and the non-medical costs. The non-medical costs included cost of transportation and meals. The indirect costs included loss of working time of the patients and accompanying persons. Both hospitals were used the same standardized cost for patients.
Treatment Assessment and Follow-Up
A successful treatment was defined as complete recovery without severe complications (such as massive bleeding, gastrointestinal perforation and uterine rupture), without second line therapy (Chai et al., 2018).
The failure of treatment was defined as complications such as vaginal bleeding of more than 200 ml, a decrease in the serum β-hCG level by ≤50% for the seventh day, or treated by second line therapy such as Foley balloon catheter insertion, laparoscopy, or laparotomy (Xiao et al., 2017).
All patients were observed, and estimated blood loss and side effects (including fever, vomiting, vaginal bleeding and pain) were recorded. All patients were requested to abstain from intercourse until CSP resolution. The dynamic levels of serum β-hCG were determined weekly until the levels decreased to the normal level (cutoff was 5 IU/L). Ultrasound was used to monitor the resolution of the retained mass after normalization of serum β-hCG level. Patients’ menstruation recovery was recorded. After complete recovery, the thickness of endometrium and uterine adhesion of all patients were assessed by ultrasound during luteal phase after 3–6 months.
Statistical Analysis
Mean ± standard deviation was presented for continuous and ordinal data; categorical data were presented as the count and percentage. Before the two-sample t test, the examined features had been confirmed the normal distribution. All demographic and baseline clinical variables were examined with two-sample t tests. Independent sample t tests were used to examine differences between UAE group and USG-ILL group on outcomes after treatments as well as costs. The Chi-square test was used to compare categorical data. For categorical data, fisher-exact test was applied if n < 5.
Non-parametric test was used for continuous variable. SPSS 17.0 software (SPSS Inc., Chicago, IL, United States) was used for statistical analysis. Additionally, all statistical tests were two tailed and a p value <0.05 was considered statistically significant.
RESULTS
Demographic and Baseline Clinical Characteristics of Women With CSP
A total of 151 CSP patients were enrolled in this retrospective study. 65 women underwent UAE combined with uterine curettage and hysteroscopy, and 86 patients underwent USG-LLI combined with uterine curettage and hysteroscopy. All patients had previous cesarean delivery. The demographic data and baseline clinical characteristics of participants are summarized in Table 1.
TABLE 1 | Demographic and baseline clinical characteristics of participants prior to curettage.
[image: Table 1]There were no statistically significant differences on age, gestational age, interval time from recent caesarean section, fetal heart activity rate, serum β-hCG, diameter of the sac and the thickness of myometrium before the treatment in the two groups (Table 2).
TABLE 2 | Outcome of women with CSP treated with UAE or with USG-LLI prior to curettage.
[image: Table 2]Sclerotherapy Blocked the Blood Flow Around the Gestational Sac
Before lauromacrogol injection, we injected 5 ml sulfur hexafluoride microbubble, which serves as contrast agent, intravenously into the patient. The contrast-enhanced ultrasound picture (Figure 1A) indicated abundant blood supply in the area surrounding the gestational sac. Before curettage and hysteroscopy, transvaginal contrast-enhanced ultrasonography was performed again to examine the blood supply. And it turned out that the blood flow in the peripheral tissue of the pregnancy sac was completely occluded (Figure 1B). Therefore, lauromacrogol injection was sufficient to cause aseptic inflammatory lesion and fibrosis, lowering the risk of complications such as massive bleeding during curettage.
[image: Figure 1]FIGURE 1 | (A) The contrast-enhanced ultrasound picture indicated abundant blood supply in the area surrounding the gestational sac. (B) Transvaginal contrast-enhanced ultrasonography before curettage showed that the blood flow in the peripheral tissue of the pregnancy sac was completely occluded.
Outcome of Women With CSP Treated With UAE or With USG-LLI Prior to Curettage
No patients were lost to follow-up. There were no significant differences in time to β-hCG normalization, duration of hospital stay, blood loss and blood transfusion rate during the treatment and follow-up in the two groups (Table 2). The maximal blood loss of UAE group was 500 ml, while the maximal blood loss of USG-LLI group was 200 ml.
The success rates of the two groups were similar, while the complication rates (24.62%, 5.81%) of two groups were different significantly (Table 2). In the UAE group, after embolization, 29 patients presented complications, of which 14 patients had a low-grade fever lasting 1–3 d, 1 patients had leg pain, and 14 patient had pelvic pain. Both of them needed pain killer to alleviate it. In the USG-LLI group, only four patients had a low-grade fever, which was self-limiting without medication (Table 2). After the operation, we tested the thickness of endometrium and intrauterine adhesions by ultrasound scanning during luteal phase 3 months later.
Cost Analysis of Women With CSP Treated With UAE or With USG-LLI Prior to Curettage
As is illustrated in Table 3, in both groups, the non-medication cost accounted for the largest part of the total cost. As we compared total cost between two groups, we found that the cost was significantly higher in UAE group (p < 0.05). We also found that the non-medication cost and direct medical cost of UAE group were higher than those in USG-LLI group (p < 0.05) (Table 3).
TABLE 3 | Cost analysis of women with CSP treated with UAE or with USG-LLI prior to curettage.
[image: Table 3]DISCUSSION
With the rate of cesarean delivery increasing particularly in China, the rate of CSP keeps ascending (Lan et al., 2013). As the villus of CSP adheres to the mesometrium, it gradually implants into it, which may eventually lead to penetration. Life-threatening complications could happen if there is not a timely appropriate treatment.
The villus implanted with tissue in a cesarean scar is difficult to remove because of the connective tissue within the thin mesometrium layer. Meanwhile, for the lack of muscle fiber, it is difficult for the scar to contract effectively. Thus, curettage without prophylactic treatment could cause massive blood loss (Khunda and Tay, 2007). Currently, there is no uniform treatment for CSP (Petersen et al., 2016). Excision of the gestational sac and repairing the uterine defect using laparoscopy or laparotomy seems to reduce complications and risk of future recurrence. However, it results in long hospitalization time, high cost, long-term recovery, and quite some adverse reaction.
UAE has been widely used in the pretreatment of CSP in the past decade (Cao et al., 2014; Qian et al., 2015). It blocks the blood flow in the uterine arteries for efficient reduction of bleeding risk during curettage. UAE combined with curettage may become a safe and effective treatment for CSP. Nonetheless, it is UAE that can cause serious complications, such as puncture point hematoma, lower limb arterial embolism, vascular rupture. It can even lead to pulmonary embolism, which is rare yet life-threatening. Meanwhile, uterine ischemia after UAE can cause spastic pain, nausea, vomiting, fever, and even ovarian insufficiency (Arthur et al., 2014; Petersen et al., 2016). In this study, we found that there were more patients suffered from fever and pain in the UAE group compared to USG-LLI group. Although the UAE group had high efficiency to block the vessels and reduce the blood loss during curettage and hysteroscopy, it required sophisticated and advanced digital imaging apparatus, which was expensive for Chinese primary hospitals and patients to afford.
Lauromacrogol is another type of clinical chemical sclerosants different from alcohol. It has been widely used in sclerotherapy. The target of Lauromacrogol as a sclerosant is endothelial cells (ECs). Lauromacrogol exerts its sclerosant functions by two pathways. First, paravenous lauromacrogol injection can induce fibrosis in the veins around the targeted site causing vascular compression and hemostasis. Second, direct intravascular lauromacrogol injection can destroy endothelial cells within the targeted vessels, thus promoting local thrombogenesis. The occlusion of vessel lumen can result in an aseptic inflammatory lesion and tissue fibrosis, and the impaired veins may eventually develop into fibrous cords (Eckmann et al., 2005; Parsi et al., 2008). With increasing number of innovative and less-invasive treatment approaches emerging, sclerosing agents have been frequently used in gynecological operations, such as ovarian cyst and uterine fibroids (Fei et al., 2018; Bao et al., 2020).
In this study, we recorded the clinical information including the outcome and the cost of each treatment. We found that USG-LLI combined curettage and hysteroscopy was minimally invasive and highly efficient. Compared with curettage after UAE, USG-LLI resulted in lower complication rate and required less expense. Ultrasound-guided local lauromacrogol injection combined with curettage and hysteroscopy is an effective treatment for patients without emergent situation such as massive vaginal bleeding. The likelihood of incorrect application is very low, since surgeons slowly inject about 5–10 ml Lauromacrogol into multiple points (instead of targeted vessel) around the gestational sac, which reduces the dosage in each point, thus minimizing the risk of damage in adjacent tissues. Meanwhile, this process does not require advanced devices, whose cost is much lower than UAE. when ultrasound indicated rare blood flow peripherally, the peri-trophoblastic tissue was considered sclerosed, and about 12–24 h later, curettage and hysteroscopy can be performed to remove tissue. Hence, it is quite feasible for primary hospital without expensive equipment for vascular intervention to perform USG-LLI surgeries.
But it was difficult to predict future risk of recurrence and fertility affection. Some limitations of our study were as follows. This was a retrospective study and reported limited data on subsequent pregnancy outcomes after cesarean scar pregnancy. It requires large-sample clinical studies and a long term to follow up the patients who have the desire of future pregnancy. Since there is rare study about USG-LLI, it need more exploration to confirm the indication, complication and contraindication about this procedure.
We conclude that USG-LLI or UAE combined with curettage and hysteroscopy were both effective for CSP. While the complications followed UAE may be more than USG-LLI, and the costs of UAE were higher than those of USG-LLI. Therefore, the overall benefit and risk should be evaluated rationally to achieve the maximum benefit for an individual. USG-LLI combined with curettage and hysteroscopy for CSP is safe and effective and the cost is lower.
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