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Introduction: The menopausal transition represents the passage from reproductive to non-reproductive life and is characterized by a number of menstrual disturbances. We systematically reviewed the evidence on the prevalence of psychosomatic and genitourinary syndrome among menopausal women and compared the risk of symptoms between premenopausal, perimenopausal, and post-menopausal women.

Methods: We performed a systematic search in MEDLINE, CINAHL, and ScienceDirect through March 2021. Case series/reports, conference papers and proceedings, articles available only in abstract form, editorial reviews, letters of communication, commentaries, systematic reviews, and qualitative studies were excluded. Two reviewers independently extracted and assessed the quality of data using the Joanna Briggs Institute Meta-Analysis. The outcomes were assessed with random-effects model using the Review Manager software.

Results: In total, 29 studies had a low risk of bias and were included in the review. Our findings showed that the pooled prevalence of somatic symptoms in post-menopausal women (52.6%) was higher than in the premenopausal and perimenopausal stages (34.6 and 39.5%, respectively). There was a low prevalence of psychological symptoms in premenopausal women (28.4%). The genitourinary syndrome was highest among post-menopausal women (55.1%), followed by perimenopausal (31.9%) and premenopausal (19.2%) women.

Conclusion: Post-menopausal women have a higher risk of experiencing menopausal symptoms particularly genitourinary syndrome than premenopausal and perimenopausal women. It is pertinent for healthcare professionals to evaluate the symptoms in order to provide them with a better quality of life.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021235958

Keywords: menopause, prevalence, psychosomatic, genitourinary syndrome, symptom


INTRODUCTION

Natural menopause occurs at a median age of 51 years in Western societies and is assumed to be caused by ovarian follicle exhaustion (1). Based on the Stages of Reproductive Aging Workshop (STRAW) criteria, menopause is defined as 12 or more months of amenorrhea following the final menstrual period (2). Perimenopause is defined as the onset of a varied cycle duration (early stage), two or more missing periods, and at least 2 months of amenorrhea (late-stage) (2). As the population ages, a growing proportion of women are living decades after menopause. At menopause, about 80% of women have vasomotor symptoms (VMS), such as hot flushes and night sweats, and about 20% find them bothersome enough to seek therapy (3).

Menopause is defined as the permanent cessation of menstruation resulting from the loss of ovarian follicular activity. Natural menopause is recognized to have occurred after 12 consecutive months of amenorrhea, for which there is no other obvious pathological or physiological cause. Menopause occurs with the final menstrual period which is known with certainty only in retrospect a year or more after the event. Perimenopause should include the time immediately prior to the menopause (when the endocrinological, biological and clinical features of approaching menopause commence) and the first year after menopause. The term premenopause is often used ambiguously, either to refer to the 1 or 2 years immediately before the menopause or to refer to the whole of the reproductive period prior to the menopause. The group recommended that the term be used consistently in the latter sense to encompass the entire reproductive period up to the final menstrual period. Post-menopause is defined as dating from the final menstrual period, regardless of whether the menopause was induced or spontaneous (4).

Methods for determining when perimenopause begins (5), and a distinct set of STRAW criteria was developed (2). A variety of menstruation disturbances characterize the menopausal transition. The VMS is a common occurrence, sometimes accompanied by psychosomatic symptoms such as mood swings, anxiety, stress, and genitourinary syndrome of menopause. This includes genital symptoms such as dryness, burning, and irritation, as well as sexual symptoms such as lack of lubrication, discomfort or pain, poor function, and urinary symptoms such as urgency, dysuria, and recurrent urinary tract infections (6). All these symptoms have a significantly negative impact on the quality of life of many women (7). The menopausal transition can be a difficult time in a woman's life when it comes to healthy aging. These distressing symptoms do not affect all middle-aged women. During the menopausal transition, a third of women do not report any problems. Another third has mild to moderate symptoms, and the remaining third has moderate to severe symptoms that necessitate therapy (8).

This systematic review and meta-analysis aimed to determine the prevalence of psychosomatic and genitourinary syndrome among menopausal women. It helps to understand the symptoms better and serves as a basis for more appropriate countermeasures to this natural phenomenon. This updated review could be used in primary preventative care to help patients control and prevent diseases that harm their quality of life and mental health.



MATERIALS AND METHODS

A systematic review and meta-analysis were conducted to assess the prevalence of psychosomatic and genitourinary syndrome among menopausal women. The study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (9) and registered in the PROSPERO (CRD42021235958).


Search Strategy and Eligibility Criteria

We (N.A.N.M.A., N.H.N.H.) performed a systematic search in MEDLINE (PubMed), CINAHL (EBSCOhost), and ScienceDirect using the search terms “psycholog*,” “mental,” “anxiety,” “depression,” “stress,” and “menopaus*.” These terms were adaptable to the different electronic databases. To determine their eligibility for inclusion in this study, all studies published from the beginning of the databases until March 2021 were retrieved. The search was limited to full-text articles written in English. The reference lists of the listed citations were cross-checked to locate other potentially eligible research.

The inclusion criteria were studies that reported the prevalence of psychosomatic and genitourinary syndrome among menopausal women. In this review, the definitions of premenopausal, perimenopausal and post-menopausal were as defined by the researchers in their studies. Studies with cross-sectional, case-control, and cohort designs published in English and conducted in the community or at a health institution level were included. Case series/reports, conference papers and proceedings, articles available only in abstract form, letters of communication, editorial reviews, systemic reviews, commentaries, and qualitative studies were excluded.



Study Selection and Quality Assessment

All the records identified using our search strategy were exported to EndNote X8 software (Clarivate Analytics, Philadelphia, PA). Duplicate articles were removed. To determine their appropriateness, the entire texts of the relevant research were obtained and thoroughly examined. A consensus discussion was held between the two reviewers (N.A.N.M.A., N.H.N.H.) in the event of a conflict, and a third reviewer (M.N.N.) was consulted. The search method is presented in the PRISMA flowchart, which shows the studies that were included and excluded with reasons for their exclusion (Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart showing the studies on psychosomatic and genitourinary syndrome among menopausal women.


To examine the data quality, a critical assessment was carried out using the Joanna Briggs Institute Critical Appraisal Checklist for cross-sectional, case-control, and cohort studies (10). Two reviewers (N.A.N.M.A., N.H.N.H.) performed independent bias evaluations. When more than 70% of the answers were “yes,” the risk of bias was considered low, moderate when 50–69% of the answers were “yes,” and high when up to 49% of the answers were “yes.” This review omitted studies that had a moderate or high risk of bias.



Data Extraction Process and Statistical Analysis

Two reviewers (N.A.N.M.A., N.H.N.H.) independently extracted the data using Microsoft Excel (Microsoft Corporation, Redmond, WA). The process included the first author, publication year, study design and setting, study location, study population, sample size, psychological impact, menopausal definition, and data in calculating the effect estimates for psychosomatic and genitourinary symptoms. In the event that disagreement occurred, it was dissolved by discussion between the two review authors or by the third author (M.N.N.).

The results were presented as odds ratios (OR) with 95% confidence intervals (CI). The analysis was performed using Review Manager software version 5.4 (Nordic Cochrane Centre, Copenhagen, Denmark). A random-effects model was employed to pool the data. The I2 statistic was used to assess heterogeneity using the following guidelines: 0–40% may not be significant, 30–60% may represent moderate heterogeneity, 50–90% may represent substantial heterogeneity, and 75–100% may indicate significant heterogeneity (11). A subgroup analysis was performed on the basis of the study location (developed and developing countries) and comorbidities (presence or absence thereof) if an adequate number of studies were available. If publication bias was suspected, funnel plots and Egger's test were performed, with a p-value of <0.05 indicating statistical significance.




RESULTS


Study Characteristics

Through the electronic search, a total of 3,715 articles were identified, and 2,876 articles were found to be eligible after duplicate records were removed. A further 2,717 articles were excluded based on their titles or abstracts. The full texts of 159 articles were searched. Subsequently, 128 articles were excluded: 40 did not present the main outcomes, 41 had no outcomes of interest, 28 studies reported the outcomes in an unusable format, 12 were review articles, and seven were performed among different populations. Thirty-one studies underwent quality assessments, of which two had a moderate or high risk of bias and were excluded. The remaining 29 articles had a low risk of bias. Of these, 28 were cross-sectional studies, and one was a cohort. A quantitative assessment was then performed (Figure 1).

The women in the included studies were generally recruited from the general population or those who attended health clinics or gynecology clinics before starting treatment of menopausal complaints. They were not on treatment for menopausal symptoms except for a few studies that had <10% of the samples on hormone replacement therapy (12–16). One study reported that in all menopausal groups, women who used HRT did not differ from non-users in having at least one bothersome symptom (17).

Different countries were included in this review. Four studies were conducted in Spain (15, 16, 18, 19), two each in Ecuador (13, 20), Turkey (21, 22), Korea (23, 24), and China (25, 26), and one each in India (27), Bangladesh (28), Saudi Arabia (29), the United States (30), Oman (31), Africa (32), Finland (17), Israel (33), Japan (34), Russia (35), Chile (36), Brazil (37), Poland (38), Italy (39), Nepal (40), Singapore (14), and Jordan (12). The smallest sample size was 187 (27) and the largest 2,886 (34). Overall, this study included 21,375 women (Table 1).


Table 1. Summary of the research articles included in the systematic review and meta-analysis on menopause (n = 29).
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Prevalence of Premenopausal, Perimenopausal, and Post-menopausal Women

Twenty-two studies were included in the estimation of the prevalence of premenopausal women. A wide range was observed, from 8.2% (30) to 69.4% (12). The overall pooled prevalence of premenopausal women was 35.5% (95% CI: 29.57, 41.43; Figure 2). The prevalence of perimenopausal women was estimated from 26 studies and ranged from 2.55% (15) to 66.81% (32). The pooled prevalence was 24.18% (95% CI: 19.46, 28.90; Figure 3). The prevalence of post-menopausal women was derived from 28 studies and ranged from 11.3% (13) to 76.80% (23). The pooled prevalence was 45.49% (95% CI: 38.26, 52.72; Figure 4). Egger's test showed significant publication bias for premenopausal (P = 0.026), perimenopausal (P < 0.001), and postmenopausal (P = 0.014) women.


[image: Figure 2]
FIGURE 2. Forest plot of the prevalence of premenopausal women.
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FIGURE 3. Forest plot of the prevalence of perimenopausal women.



[image: Figure 4]
FIGURE 4. Forest plot of the prevalence of post-menopausal women.




Prevalence of Symptoms Among Menopausal Women

The Menopause Rating Scale was used to determine the prevalence of menopausal symptoms, which comprises 11 items divided into three subscales: (a) somatic symptoms: hot flashes, cardiac symptoms, sleep disturbances, and joint and muscle discomfort; (b) psychological symptoms: depressive mood, irritability, anxiety, and physical and mental exhaustion; and (c) genitourinary syndrome: sexual problems, bladder problems, and vaginal dryness.

Table 2 shows the percentage of women who experienced symptoms according to the menopausal stage. Somatic symptoms in post-menopausal women were higher (52.6%) compared to the premenopausal and perimenopausal stages (34.6 and 39.5%, respectively). The prevalence of psychological symptoms in premenopausal women was low (28.4%) but nearly the same among post-menopausal (49.4%) and perimenopausal (42.1%) women. The prevalence of genitourinary syndrome was different in all three groups: the highest prevalence was among post-menopausal women (55.1%), followed by perimenopausal (31.9%) and premenopausal (19.2%) women.


Table 2. The prevalence of symptoms among menopausal women according to menopausal stage.
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In terms of somatic symptoms, post-menopausal women had the highest prevalence (52.6%) of hot flashes, which were present in 34.6% of premenopausal and 39.5% of perimenopausal women. The prevalence of cardiac symptoms and sleep disturbances was <50% across all three menopausal phases. Meanwhile, for joint and muscle discomfort, post-menopausal women had the highest prevalence (69.9%).

Among the psychological symptoms, perimenopausal women had the highest prevalence of depressive mood (51.9%) and anxiety (54.6%), followed by post-menopausal and then premenopausal women. The prevalence of irritability and physical and mental exhaustion was highest among post-menopausal women at 51.7 and 52.2%, respectively. Post-menopausal women had the highest prevalence of genitourinary syndrome: 56.1% had sexual problems, 62.1% had bladder problems, and 39.9% had vaginal dryness.



Comparison of Symptoms Between Premenopausal and Perimenopausal Women

Symptoms between premenopausal and perimenopausal women were compared using the Menopause Rating Scale. For somatic symptoms, there were significant differences in the occurrence of hot flashes (OR: 4.16; 95% CI: 2.15, 8.02), cardiac symptoms (OR: 1.69; 95% CI: 1.04, 2.76), and sleep disturbances (OR: 1.51; 95% CI: 1.13, 2.01) between the groups, but no difference for joint and muscle discomfort (OR: 1.47; 95% CI: 0.04, 58.31). There were no significant differences in psychological symptoms aside from physical and mental exhaustion, where the prevalence was higher among perimenopausal than premenopausal women (OR: 2.19; 95% CI: 1.33, 3.58). For genitourinary syndrome, a significant difference was only apparent for sexual problems (OR: 9.62; 95% CI: 5.87, 15.76).



Comparison of Symptoms Between Premenopausal and Post-menopausal Women

A comparison of somatic symptoms between premenopausal and post-menopausal women showed a significant difference for all four symptoms. The odds of experiencing hot flashes were 4.72 (95% CI: 1.99, 11.21) times higher among post-menopausal than premenopausal women. The findings were similar for cardiac symptoms (OR: 4.66; 95% CI: 1.28, 16.92), sleep disturbances (OR: 2.24; 95% CI: 1.84, 2.73), and joint and muscle discomfort (OR: 2.08; 95% CI: 1.68, 2.57). In terms of psychological symptoms, anxiety was the only symptom showing no significant difference between the women (OR: 1.18; 95% CI: 0.72, 1.92). There was a significant difference for the rest of the symptoms; namely, depression (OR: 1.39; 95% CI: 1.09, 1.76), irritability (OR: 2.18; 95% CI: 1.12, 4.23), and physical and mental exhaustion (OR: 4.07; 95% CI: 1.45, 11.44), while for the genitourinary syndrome, there was a significant difference for sexual (OR: 9.01; 95% CI: 4.68, 17.36) and bladder problems (OR: 2.72; 95% CI: 1.75, 4.23).



Comparison of Symptoms Between Perimenopausal and Post-menopausal Women

In the comparison of symptoms between perimenopausal and post-menopausal women, sleep disturbances were the only somatic symptom showing a significant difference (OR: 0.7; 95% CI: 0.53, 0.92) in favor of perimenopausal women. Among the psychological symptoms, physical and mental exhaustion was the only symptom for which there was a significant difference (OR: 0.31; 95% CI: 0.12, 0.83). Lastly, in terms of the genitourinary syndrome, there was only a significant difference for bladder problems (OR: 0.23; 95% CI: 0.09, 0.62).




DISCUSSION

This study aimed to determine the pooled prevalence of psychosomatic and genitourinary syndrome among menopausal women. In this meta-analysis, the pooled prevalence of premenopausal, perimenopausal, and post-menopausal women was 35.5, 24.18, and 45.49%, respectively. The wide range of prevalence for each of the three menopausal stages was due to the different study settings, where 21 (12, 13, 15, 16, 18–24, 27, 29–31, 36–40) studies were conducted in medical centers, and eight (14, 17, 25, 28, 32–35) were in the community. Methodological techniques such as sampling methods and tools, together with study implementation may also account for differences in estimated prevalence among studies.

In subscale of somatic symptoms, the prevalence of hot flashes is 24–93% among post-menopausal women, with the symptoms varying from mild to severe in the general population (41). The first 2 years after menopause are when hot flashes are most common, but they can last for years: 64% of women have reported symptoms lasting for 5 years, 26% for 10 years, and 10% for more than 10 years (42). Comparison between perimenopausal and post-menopausal women had nearly the same prevalence (52.9 and 59.7%, respectively). Notably, the odds of having hot flashes during perimenopause and post-menopause increased about four times compared to during premenopause. Menopausal symptoms emerge early in the premenopausal stage, even before monthly irregularities appear (43). Menopausal symptoms were seen in young premenopausal women (aged 40–44 years) with normal menstrual cycles, but their frequency increased with age and menopausal phase (43). The symptoms lasted for years and continued until five or more years post menopause with the same frequency and intensity as during the menopausal transition (44, 45).

In this study, post-menopausal women had the highest prevalence of cardiac symptoms at 52.6%, reflecting their risk of having cardiovascular disease. A meta-analysis on the development of cardiovascular disease among menopausal women reported that vasomotor and other menopausal symptoms were associated with an increased risk of chronic heart disease, stroke, and cardiovascular disease (46). Meanwhile, the prevalence of sleep disturbances and joint and muscle discomfort among premenopausal women was 24.9 and 53.8%, respectively, which was similar to the results of a systematic review of middle-aged Asian women, where the prevalence of sleep disturbances was 6.1–54% and joint and muscle discomfort 10.3–82.1% (47).

In the sleep disturbances subgroup, all the findings were significant, with post-menopausal women at higher risk of sleep disturbances than premenopausal (OR: 2.24) and perimenopausal (OR: 0.70) women. Similar findings were published in a meta-analysis in 2014, where the odds for post-menopausal women were 1.67 times higher than for premenopausal women and 1.09 times higher than for perimenopausal women (48). This significant association is also supported by other reviews (49, 50). Increased sleep disturbances during the menopausal transition are likely due to hot flashes occurring during the night because women with hot flashes may also experience nocturnal awakening unrelated to VMS (49). Around 60–80% of women experience hot flashes during the menopausal transition (51). They persist for 4–5 years (52) and commonly lead to sleep disturbances among perimenopausal and post-menopausal women.

Menopause can be psychologically distressing for women. Subscale of psychological symptoms showed that the occurrence of clinical depression in this study did not increase significantly among premenopausal and post-menopausal women, with perimenopausal women as the reference group. However, depression was 1.39 times more likely for post-menopausal than premenopausal women. A meta-analysis found similar results: post-menopausal women were 1.5 times more likely to experience depression than premenopausal women (53). The study also reported that post-menopausal women were 4.3 times more predisposed to major depression than premenopausal women (53). Depressive symptoms are more common during the menopausal transition for a variety of reasons, with earlier depression being one of them (54).

In our study, perimenopausal women had the highest prevalence of anxiety, which is consistent with the theory that anxiety levels rise throughout menopause and diminish following menopause (55, 56). We found that irritability was highest among post-menopausal women, which is not consistent with other studies (57–60). Women in the early stages of menopause show significantly higher levels of irritability than premenopausal and post-menopausal women. Moreover, we found a higher risk of exhaustion among post-menopausal women than the other groups: perimenopausal women had a 1.78 times higher risk of developing psychological symptoms than premenopausal women and a 1.83 higher risk than premenopausal women.

Concerning genitourinary syndrome, the prevalence of sexual problems and vaginal dryness in post-menopausal women was 56.1 and 39.9%, respectively. This is similar to a large cohort study (61) among a Western population, where the estimated prevalence of vulvovaginal symptoms was found to be 45–63%. A study in Korea (62) found that 49% of post-menopausal women experienced the same symptoms. A study in Turkey revealed that low sexual function was higher among post-menopausal than premenopausal women (63). Reports have shown that 40% of women who experience vulvovaginal symptoms have sexual dysfunction, 24% lack sexual desire, 34% have arousal difficulties, and 19% experience difficulties with orgasm (64).



STRENGTHS AND LIMITATIONS

This review demonstrated the prevalence for each menopausal phase and the associated symptoms across different countries. By expressing the symptoms quantitatively, they could be compared, thus providing a comprehensive overview of the various studies' results. In general, a meta-analysis of prevalence study can provide useful information about disease burden, such as finding discrepancies between populations and regions (65). However, this study was not without limitations. Diverse instruments were used to determine the symptoms during the menopausal transition, which reduced the comparability of the results. This review only included English-language publications; however, there is no evidence of a systematic bias in the use of language restrictions in systematic review-based meta-analyses in conventional medicine (66). We attempted to produce convincing evidence by including high quality studies. Two moderate and low quality studies were excluded from the review. However, the exclusion itself may possibly introduce potential biases in the review process.



CONCLUSIONS

This review demonstrated that post-menopausal women are at a higher risk of menopausal symptoms than premenopausal and perimenopausal women. Additionally, post-menopausal women have a significantly higher risk of experiencing genitourinary syndrome than other groups of symptoms compared to premenopausal and perimenopausal women. Healthcare practitioners must regularly evaluate the symptoms of postmenopausal women in order to offer them a higher quality of life. Future research should focus on various phases of menopausal symptoms in order to acquire a comprehensive picture of menopause.
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Background: There is a lack of literature on short latency period (SLP) in twin pregnancies with preterm premature rupture of membranes (PPROM). Thus, the aim of this study was to identify the clinical factors and perinatal outcomes associated with SLP in twin pregnancies with PPROM and to establish a predictive model to identify SLP.

Methods: Twin pregnancies with PPROM between 24 0/7 and 33 6/7 weeks were included and a retrospective analysis was performed. Patients were divided into two groups based on the latency period after PPROM: Group 1 ≤24 h (defined as SLP) and Group 2 >24 h (defined as long latency period, LLP), the clinical factors and perinatal outcomes were compared between the two groups. Binary logistic regression and receiver operating characteristic curve analyses were used to identify the independent clinical factors associated with latency period after PPROM and assess the predictive accuracy for SLP.

Results: 98 and 92 pregnant women had short and long latency period, respectively. Prolonged latency significantly increased the occurrence of chorioamnionitis. Neonatal outcomes were not affected by latency duration after PPROM. Binary regression analysis revealed that higher gestational age (GA) at PPROM (P = 0.038), presence of uterine contractions (P < 0.001), Bishop score > 4 (P = 0.030), serum procalcitonin levels ≥0.05 ng/mL upon admission, and absence of use of tocolytic agents (P < 0.001) were significant independent predictors of a SLP. A predictive model developed using these predictors had an area under the curve (AUC) of 0.838, and the presence of uterine contractions alone had an AUC of = 0.711.

Conclusion: Uterine contraction was the most important prognosticator for a SLP. A latency period of >24 h was associated with chorioamnionitis, but adverse neonatal outcomes were not observed.

Keywords: twin pregnancies, preterm premature rupture of membranes, latency period, clinical factors, perinatal outcomes


INTRODUCTION

Preterm premature rupture of membranes (PPROM) occurs in 3% of all pregnancies, and approximately one-third of premature births are caused by or are related to PPROM, which is an important factor in neonatal morbidity and mortality (1–4). With the widespread use of assisted reproductive technology and ovulation induction, the rate of twin pregnancies has gradually increased. PPROM and preterm birth are more common in twin pregnancies; the incidence of PPROM in twin pregnancies is 7–10%, while it is only 2–4% for singleton pregnancies (3, 5, 6). The high incidence of PPROM in twins may mean that the mechanism is different from that in singletons, which may be related to uterine over-distension, increased intrauterine volume, cervical insufficiency, or elevated levels of sex hormones in twin pregnancies. Compared with singleton pregnancies, PPROM in twins tends to occur at an earlier gestational age (GA), and the time from membrane rupture to delivery is shorter (5, 7). However, there are no clinical practice guidelines specifically for PPROM in twin pregnancies, and management strategies only refer to singletons. The GA is the most important factor in determining neonatal outcomes after PPROM. In the absence of evidence of infection or other complications, expectant management is usually used to extend the GA as far as possible to reduce complications associated with preterm birth, and induced labor or cesarean section is performed at 34 weeks (3).

The latency period is defined as the time from rupture of membranes to delivery. There are many factors that affect the latency period after PPROM, but no risk factors have been identified, including the GA at PPROM, multiple pregnancies, oligohydramnios, cervical length, use of prophylactic antibiotics, and tocolysis (7–10). Multiple studies have shown that compared with singleton pregnancies, latency in twin pregnancies after PPROM was significantly shorter, with the median latency period being 3.6–4 days for twins and 6.2–7 days for singletons (11, 12). Twins were more likely to get delivered within 48 h (45.5% vs. 22.9%) or 72 h (11% vs. 4%) (6, 8). Twin pregnancies remained an independent risk factor for a short latency when controlling for other confounding factors (12, 13). In contrast, the results of a retrospective cohort study indicated that there was no statistical difference in the latency of twins and singletons in women presenting with PPROM (11). Additionally, a recent study has focused on identifying the clinical factors of latency period exceeding 48 h after PPROM (10), and a previous study modeled the latency period according to maternal and pregnancy characteristics, but these were mainly singleton pregnancies and only a small number of those with twins (14).

However, to date, there is a lack of information in the literature on the early recognition of short latency period (SLP) in twin pregnancies with PPROM. We have hardly found any research on infection indicators, such as serum inflammatory markers and vaginal microorganism culture that affected the latency period in twin pregnancies with PPROM.

In the present study, we aimed to identify clinical factors and perinatal outcomes of latency period within 24 h in twin pregnancies with PPROM before 34 weeks. Most previous studies were committed to exploring the clinical characteristics of singleton pregnancies, while ignoring the urgent healthcare needs of women with twin pregnancies. Identifying the significant predictors of a SLP in twin pregnancies with PPROM will provide a more appropriate clinical management and personalized treatment. Physicians could provide consultations, strengthen prenatal monitoring, and perform intrauterine transfers in time. The main purpose of this study was to identify the clinical factors associated with a SLP, to prolong the latency period, and to improve the perinatal outcomes in twin pregnancies with PPROM.



MATERIALS AND METHODS


Participant Selection

This retrospective study reviewed the medical records of twin pregnant women with PPROM between 24 0/7 and 33 6/7 weeks who were admitted to the Obstetrics Department at Chongqing Health Center for Women and Children, a single tertiary referral center in Chongqing, China, from 1 January 2017 to 31 April 2021. We excluded women with any of the following conditions: at least one intrauterine death on admission, couples who gave up the pregnancy for induced labor, and with complications of monochorionic-diamniotic twins (for example, twin-to-twin transfusion syndrome and twin anemia polycythaemia sequence). The study was approved by the Ethics Committee of Chongqing Health Center for Women and children.



Diagnostic Criteria and Definitions


PPROM Diagnostic Criteria

Rupture of membranes occurred at <37 weeks of gestation before labor. Diagnosis was based on pregnant women with a history of vaginal discharge, and on sterile speculum examination, leakage of amniotic fluid from the cervical os, or pooling of amniotic fluid in the posterior vaginal vault. If the characteristic findings were not significant, we performed an ultrasound examination to assess amniotic fluid volume, measured insulin-like growth factor binding protein-1, or conducted fern tests to assist in the diagnosis.



Determination of the GA

The GA was determined based on the first day of the woman's last menstruation and the crown-rump length measured by ultrasound in early pregnancy. GA was also estimated based on the date of embryo transfer when the pregnancy was conceived through assisted reproductive technology (ART).



Definition of Clinical Chorioamnionitis

Maternal body temperature ≥38°C accompanied by any of the following criteria can be diagnosed with clinical chorioamnionitis: malodorous vaginal discharge, fetal tachycardia (baseline ≥160 beats per minute), maternal tachycardia (≥110 beats per minute), maternal peripheral blood leukocyte count ≥ 15 × 109/L, or the uterus is irritated with presence of uterine tenderness.



Management of PPROM

All patients of expectant management received dexamethasone (four intramuscular doses of 6 mg 12 h apart) for maturation of the fetal lungs and intravenous broad-spectrum prophylaxis (ampicillin, ceftezole, or clarithromycin) for 48 h, followed by oral amoxicillin and erythromycin for 5 days to prevent infection. Magnesium sulfate was routinely administered for fetal neuroprotective effects. Nifedipine, indomethacin, atosiban, and ritodrine were used as tocolytic agents depending on the status of the pregnant woman.

The status of the mother and fetus was closely monitored until delivery. Pregnant women underwent a vaginal examination on admission to obtain the Bishop score, and secretions were taken for microbial and group B streptococcus (GBS) cultures. The patients were checked daily by obstetricians. Maternal serum inflammatory markers, specifically blood routine examination, and C-reactive protein (CRP) and procalcitonin (PCT) levels were checked every 3 days. Ultrasound scans were performed every 3–4 days to evaluate the amniotic fluid volume and the status of the fetus. A single deepest pocket ≤ 2 cm was considered oligohydramnios. Non-stress test was initiated at 32 weeks daily to assess the status of the fetus and earlier GA for high risk patients.

When clinical chorioamnionitis was diagnosed, if premature birth was inevitable, if there were indications for delivery of the mother and/or fetus, or if GA reached 34 weeks, the pregnancy was terminated by induction of labor or cesarean section depending on the patient's desire, obstetric history and fetal status.




Data Collection

We obtained maternal and fetal clinical information from patients' electronic medical records from the hospital information system. The database contains the following parameters: (1) Maternal parameters including the age, working condition, parity, history of preterm birth, and history of PPROM; (2) Information regarding current pregnancy including prepregnancy body mass index (BMI, kg/m2), mode of conception, chorionicity, GA at PPROM, maternal inflammatory markers (serum white blood cell count, neutrophil ratio and CRP, and PCT levels) before the administration of antibiotics or steroids, Bishop score [refer to the original text for (15)], uterine contractions, vaginal microbiological culture, GBS, use of tocolytic agents, pregnancy comorbidities (gestational diabetes mellitus, intrahepatic cholestasis of pregnancy, hypertensive disorder of pregnancy, cervical insufficiency); (3) Obstetric outcomes including clinical chorioamnionitis, placental abruption, cord prolapse, oligohydramnios, GA at delivery, mode of delivery, indication of termination of pregnancy, and latency period; (4) Fetal parameters including birth weight, neonatal death, admission to the neonatal intensive care unit (NICU), and major neonatal complications (respiratory distress syndrome, neonatal sepsis, intraventricular hemorrhage, necrotising enterocolitis, respiratory distress syndrome, bronchopulmonary dysplasia, and retinopathy of prematurity.

Pregnant women with PPROM were categorized into two groups based on the latency period. Patients in Group 1 had a latency period of ≤ 24 h, whereas those in Group 2 had a latency period of >24 h. Clinical factors and perinatal outcomes were compared between the two groups.



Statistical Analyses

Data were analyzed using SPSS version 25.0 (IBM, Armonk, NY, USA). Descriptive statistics were used to analyse the patients' clinical factors and perinatal outcomes, and the chi-squared test or Fisher's exact test was used to analyse categorical variables. After assessing normality, the statistical significance of the continuous variables was assessed using the Student's t-test or the Mann-Whitney U test, and was also summarized as the mean ± standard deviation or the median with interquartile range. Following univariate analysis, binary logistic regression was performed to identify the independent factors of a SLP. Odds ratios (OR) and 95 % confidence intervals (CI) were calculated. Receiver operating characteristic (ROC) curves were used to assess the predictive accuracy of the SLP with twin pregnancies complicated by PPROM. P ≤ 0.050 was considered as statistically significant.




RESULTS


Patient Characteristics

A total of 190 women with twin pregnancies (including 164 dichorionic diamniotic twins and 26 monochorionic diamniotic twins) with PPROM between 24 0/7 weeks and 33 6/7 weeks were included in the final analysis, of which 98 (51.6%) patients were in Group 1 and 92 patients (48.4 %) in Group 2. The mean maternal age of these patients was 30.3 ± 3.7 years. The median GA at PPROM was 32 1/7 weeks (Q1:30 0/7 weeks to Q3:33 1/7 weeks), and the median latency period was 22 hours (Q1:7 to Q3:71 h).

The clinical factors of short and long latency periods are described in Table 1. The maternal age, working condition, primipara, in-vitro fertilization conception, chorionicity, prepregnancy BMI, maternal inflammatory markers (except PCT), the positive rate of vaginal microbiological and GBS, and presence of pregnancy complications were similar between the two groups. Pregnant women with a SLP were more likely to have a high GA at PPROM, a Bishop score >4, serum PCT levels ≥0.05 ng/mL, uterine contractions upon admission, and not received tocolytic agents.


Table 1. Comparison of clinical factors associated with short latency period.
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Binary Regression Analysis and Predictive Model of SLP

The final predictive model had five main factors, as listed in Table 2. In the binary logistic regression analysis to identify predictors of latency period, higher GA at PPROM (P = 0.020), and presence of uterine contraction (p < 0.001) demonstrated a significant independent association with a SLP. We also found that a Bishop score > 4 lowered the OR of the long latency period, and the use of tocolytic agents increased the OR of the SLP. Our model did not demonstrate an independent association of PCT ≥0.05 ng/mL with SLP.


Table 2. Binary logistic regression models of short latency period.
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The predictive accuracy of the final model was assessed using the area under the AUC curve. The final model using these independent variables had an AUC of 0.838, as shown in Figure 1. Among the four clinical features of independent prediction, the presence of uterine contraction predicted a short latency period with the highest accuracy (AUC = 0.711), and the other three factors alone were not very strong in predicting SLP (AUC = 0.635–0.691).


[image: Figure 1]
FIGURE 1. ROC curves of the final predictive model, compared to separate independent predictor. GA, gestational age; PPROM, preterm premature rupture of membranes.




Perinatal Outcomes

We examined differences in perinatal outcomes according to latency period (Table 3). A latency period of ≥24 h was associated with an increased risk of chorioamnionitis, but there was no significant difference in placental abruption, cord prolapse, oligohydramnios, the GA at delivery, and the mode of delivery between the two groups. The indications for termination of pregnancy in Group 1 were mostly preterm labor (70.4%), followed by maternal or fetal complications, and none of the pregnancies lasted until 34 weeks. In addition, the median birth weight was high in patients with a SLP (p = 0.02). Twenty-three fetuses (6.1%) experienced intrauterine demise or neonatal death in total, independent of the latency period. All statistical neonatal outcomes (except birth weight) between the two groups were not statistically significant.


Table 3. Perinatal outcomes associated with PPROM according to latency period.
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DISCUSSION

Recently, substantial studies have highlighted the clinical factors associated with a LLP (defined latency period ≥48, 72 h, 7 days, or even 14 days) among singleton pregnancies with PPROM (7, 9, 10). There are also studies that focus on comparing the latency period of PPROM between twin and singleton pregnancies (5, 12), but few have individually identified these characteristics of SLP in twin pregnancies with PPROM. In this study, we identified clinical factors associated with a latency period of ≤ 24 h in twin pregnancies with PPROM before 34 weeks of gestation. Our results revealed that patients who were considered to have a SLP were prone to have the following characteristics: a high GA at PPROM, presence of uterine contractions, Bishop score >4, serum PCT levels ≥0.05 ng/mL, and absence of use of tocolytic agents in univariate analyses. This finding is significant because it might identify a SLP upon admission and transfer pregnant women to appropriate hospitals in time to attempt to receive novel therapeutic regimens and improve perinatal outcomes.

The standpoint that PPROM in twin pregnancies tends to have a SLP than singleton pregnancies is widely recognized (5, 12–14). A recent study has shown that the median latency period was 4 days in twins after PPROM (12), and a Chinese study indicated that half of pregnant women deliver 2 days after PPROM (13). In this study, the median latency period of twin pregnancies with PPROM was 22 h, which was shorter than that reported in other studies (5, 12, 13). The main reason is that the median GA at PPROM was 32 1/7 weeks in this study, which is negatively correlated with the latency period; however, the mean GA at PPROM was 29.1 weeks and at delivery was 29.3 weeks in other studies (5, 12). Furthermore, in a study of 49 twin pregnancies, the median GA at PROM was 31 weeks, and the median latency period was 0 days, which is similar to our observations (16). Our results are consistent with majority of studies, which have shown an inverse correlation between the latency period and GA at PPROM (9, 13, 17). However, other studies have failed to observe any correlation between the latency period and GA (10, 18).

When controlling for other confounding factors, we identified four significant predictors of a SLP in a multivariate analysis. The predictive model (AUC, 0.838) may adequately evaluate SLP at admission to change traditional treatments that might eventually improve perinatal outcomes. In summary, there are multiple avenues to experience a SLP, but the strongest factor may be the presence of uterine contractions (alone AUC, 0.711), while early and high doses of tocolytic agents may prolong the latency period. A similar correlation was found in the study by Phupong et al., who found that prophylactic tocolysis was a major factor associated with a latency period ≥2 days after PPROM (9). Some scholars have reported that the need for tocolysis can predict a SLP (10). The reason for this difference is that the time of tocolysis was different among the studies. In the former study, it was administered before uterine contractions, and in the latter, after contractions. In our institution, tocolytic agents are used to suppress uterine contractions instead of being routinely administrated. The indication of termination of pregnancy in most patients who delivered within 24 h after PPROM was premature labor. Therefore, based on the above research results, prophylactic tocolysis may prolong the latency period.

Recent data indicated that cervical length and cervical dilation at admission were inversely associated with the latency period in twin preganncies complicated by PPROM (17, 19). However, to date, there has been almost no report on the relationship between the Bishop score and latency period. The Bishop score may currently be the best tool for assessing cervical status, and it is a good predictor of vaginal delivery (15, 20). Our data suggest that a SLP was more likely to have a Bishop score >4, and more research is needed to explore the relationship between the Bishop score and latency period in PPROM.

Intraamniotic infection has been associated with the initiation and progression of PPROM (21). High maternal serum inflammatory markers, such as leukocytes, CRP, and PCT, may be risk factors for intrauterine infection. Asadi et al. suggested that CRP had high accuracy in predicting chorioamnionitis in PPROM and found that patients diagnosed with chorioamnionitis had significantly high serum levels of CRP both on admission and before termination of pregnancy (22). A prospective study indicated that maternal serum PCT level used 0.054 ng/mL as the cut-off value for the prediction of histological chorioamnionitis had high specificity and sensitivity in PPROM (23). Few previous studies have investigated the effect of inflammatory markers on the latency period after PPROM in twin pregnancies.…. In this study, we discovered that the latency period within 24 h after PPROM was more be inclined to have a high maternal serum PCT level (>0.05 g/mL) in univariate analysis; however, the correlation disappeared after controlling for other confounding factors and that no correlation was observed between other inflammatory markers and the latency period. In general, the value of maternal PCT determination in the diagnosis of latency period is unsatisfactory in twin pregnancies with PPROM (16). Further prospective and large sample research is needed to investigate the role of inflammatory markers in the latency period after PPROM.

Our study demonstrates that the occurrence of chorioamnionitis is related to prolonged latency. An inseparable relationship between PPROM and chorioamnionitis has been confirmed in numerous studies (7, 8, 24, 25). Obstetricians terminate the pregnancy when combined with clinical chorioamnionitis, thus shortening the time from rupture of membranes to delivery (24). On the contrary, pregnant women showing prolonged latency periods are at an increased risk of chorioamnionitis, as we observed (7, 8). This is due to a prolonged latency allowing microorganisms more time to enter the uterine cavity after PPROM, leading to an increase in the chance of infection (26). Therefore, it is necessary to closely monitor clinical signs and inflammatory markers and administer antibiotics appropriately after PPROM.

We found that prolonged latency was unrelated to perinatal outcomes, Unlike chorioamnionitis, neonatal sepsis was not related to the duration of latency; this finding has also been confirmed by several other studies (27–29). Two studies revealed that a prolonged latency period was associated with a decreased incidence of neonatal mortality or morbidity (13, 29). There are also research reported neonatal outcomes were not affected by latency duration after PPROM (7, 10, 28). Compared with singleton pregnancies with PPROM, twins were less likely to be complicated by chorioamnionitis or placental abruption (5, 11), but tend to have adverse neonatal outcomes (12). In addition, we observed that newborns who were delivered within 24 h after PPROM had an increased birth weight, which is different from the findings of other studies (7, 12), which may be because the GA at PPROM was high.

Indeed, some study population have been reported in our previous article (30), and the main purpose of which was to describe perinatal outcomes of twin pregnancies with PPROM. However, there is no overlap in reported data since the parameters related to latency period was not analyzed in previous paper. This study is the first to explore the clinical factors and perinatal outcomes of SLP in twin pregnancies with PPROM and has a large sample size. This is also the first study to investigate the relationship between GBS, vaginal microbiological culture, and latency period in twins, although the results were not statistically different. Our study had two limitations. First, this was a retrospective study, and potential confounding variables could not be ruled out; prospective randomized studies with adequate cases should be performed to obtain more reliable results. Second, only a small number of placentas underwent histopathological examination, and the association between the latency period and histological chorioamnionitis could not be investigated. Further prospective studies should focus on the associations revealed by this analysis.



CONCLUSION

The present study provides evidence to identify a SLP according to clinical factors. Our study showed that a high GA at PPROM, presence of uterine contractions, Bishop score>4, and absence of use of tocolytic agents were associated with a shortened latency period in twin pregnancies with PPROM. The most important prognosticator was the presence of uterine contraction. A latency period >24 h was associated with chorioamnionitis, but adverse neonatal outcomes were not observed. Accordingly, the data presented in this study can be used by obstetricians to provide consultation and provide predict the latency period for the ease of intrauterine transfer and personalized treatment. Additionally, more studies are needed to achieve a reliable and feasible model for clinically useful calculations.
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Endometrial carcinoma (EC) is a common cause of cancer death in women, and having an early accurate prediction model to identify this disease is crucial. The aim of this study was to develop a new machine learning (ML) model-based diagnostic prediction model for EC. We collected data from consecutive patients between November 2012 and January 2021 at tertiary hospitals in central China. Inclusion criteria included women undergoing endometrial biopsy, dilation and curettage, or hysterectomy. A total of 9 features, including patient demographics, vital signs, and laboratory and ultrasound results, were selected in the final analysis. This new model was combined with three top optimal ML methods, namely, logistic regression, gradient-boosted decision tree, and random forest. A total of 1,922 patients were eligible for final analysis and modeling. The ensemble model, called TJHPEC, was validated in an internal validation cohort and two external validation cohorts. The results showed that the AUC values were 0.9346, 0.8341, and 0.8649 for the prediction of total EC and 0.9347, 0.8073, and 0.871 for prediction of stage I EC. Nine clinical features were confirmed to be highly related to the prediction of EC in TJHPEC. In conclusion, our new model may be accurate for identifying EC, especially in the early stage, in the general population of central China.

Keywords: machine learning, ensemble method, prediction, endometrial carcinoma (EC), model


INTRODUCTION

Globally, cancer of the corpus uteri (typically referred to as endometrial carcinoma, EC) ranked as the 6th most common type of cancer and 14th main cause of cancer death in women and caused an estimated 320,000 new cases and 76,000 deaths in 2012 (1). In China, the age-standardized incidence of EC had a significant upward trend in the period of 2000–2011 (2). Data from the China-Global Cancer Observatory has shown that EC ranked 10th for the incidence and mortality of cancer and caused 73,253 new cases and 13,329 deaths in 2018 (WHO CHINA CANCER 2018). The poor prognosis of EC was closely connected with the higher stage. The 5-year relative survival rates of EC decreased by 79% with staging from 95% for stage I to 16% for stage IV (3).

To improve the survival rates for women with EC, researchers have developed a series of prediction models to facilitate the early diagnosis of symptomatic patients, especially those with postmenopausal bleeding (4, 5). Current data provide some advice for the application of limiting transvaginal sonography screening for higher-risk groups identified according to epidemiological risk factors. This combination has improved the diagnostic sensitivity and specificity to 84 and 90%, respectively (5). However, this well-established model can be implemented only in postmenopausal women.

The application of big data to medicine has prompted recent advances in data analytics. The application of artificial intelligence in diagnostics will help doctors improve accuracy in various fields such as medical imaging, bioinformatics, and electronic health records (EHRs) (6–9). Recently, Pergialiotis et al. used artificial neural networks (NNs), and classification and regression trees for the prediction of EC in postmenopausal women in Greece. Compared with traditional statistical analysis (classical regression analysis), the artificial NNs had superior predictive accuracy, with a sensitivity of 86.8% and specificity of 83.3% (10). However, the restricted population and lack of interpretability have led to the limited use of this model. Hart et al. used random forest (RF) and NN models based only on personal health records for predicting EC risk and stratifying the population included in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. This trial enrolled participants 55–75 years of age between November 1993 and July 2001, and the AUC values of these models in the study by Hart et al. were 0.96 and 0.91, respectively (11). However, the narrow data and the restricted population involved in the models confined its positive predictive value and application. And Troisi et al. had combined a serum metabolomic signature of endometrial carcinoma with an ensemble machine learning algorithm for endometrial cancer screening with >99% accuracy lately (12). However, this accurate predictive model just focused on postmenopausal women.

To fill the gap applications of these models, we aimed to develop a new computer-assisted predictive model for the early detection of EC that may assist in clinical decision-making for the general population of China.



METHODS


Study Population

Our retrospective research was conducted in the Department of Obstetrics and Gynecology at Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology (TJH), and the Department of Obstetrics and Gynecology at the affiliated Renhe Hospital of China Three Gorges University (RHH). Data from consecutive selected patients were collected between November 2012 and January 2021. Inclusion criteria included women undergoing endometrial biopsy, dilation and curettage, or hysterectomy. Women with endometrial atypia hyperplasia, any prior malignancy, current pregnancy, or severe infectious disease were excluded. This study was approved by the Medical Ethics Committee of Tongji Hospital Affiliated to Tongji Medical College of Huazhong University of Science and Technology and filed in the Medical Ethics Committee of the affiliated Renhe Hospital of China Three Gorges University-as a sub-center of this study.



Study Definitions

According to the endometrial pathology diagnoses, patients were classified into two categories: the case group with EC and the control group without EC (referred as benign group). The benign group consisted of women with a normal endometrium, endometrial polyps, hyperplasia without atypia, or submucosal uterine fibroids. The case group included women with endometrioid adenocarcinoma or other types such as clear cell carcinoma of the endometrium, endometrial stromal sarcoma, serous carcinoma, carcinosarcoma, or large- or small-cell neuroendocrine carcinoma. The details are shown in Supplementary Table 1.



Data Preprocessing

A total of 3,755 consecutive patients with EC or benign gynecological disease were enrolled. Patients were removed if the incomplete data accounted for >20% of those used in the model development and internal validation cohort. Fifty-two features relating to clinical characteristics, laboratory test results, and ultrasound data were extracted from EHRs. About 23% of cases were deleted because of missing data (Figure 1). Utility of predictive mean matching was conducted using R version 4.0.2 (R Development Core Team, Vienna, Austria; https://www.R-project.org/) to fill in missing data. The feature selection was conducted using least absolute shrinkage and selection operator (LASSO) regression. Nine features were introduced into the final analytic cohort (Figure 2). The definition of variables was shown in Supplementary Table 6.


[image: Figure 1]
FIGURE 1. Flow chart of group allocation. EC, endometrial carcinoma.



[image: Figure 2]
FIGURE 2. Feature selection using LASSO. Feature coefficients revealed high-risk (red bar) and low-risk (blue bar) features, which were selected using LASSO with an optimal lambda value of 2.5 × 10−3. BMI, body mass index; TBIL, total bilirubin; ALP, alkaline phosphatase; BUN, blood urea nitrogen; γ-GGT, γ-glutamyl transpeptidase; ET, endometrial thickness; TC, total cholesterol; AST, aspartate aminotransferase; CA-125, cancer antigen 125; UA, uric acid; Diabetes, type 2 diabetes; Family history, family history of malignant diseases; WBC, white blood cell; RBC, red blood cell; ALT, alanine aminotransferase; HGB, hemoglobin; PCT, thrombocytocrit; MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume; HCT, hematocrit; eGFR, estimated glomerular filtration rate; MCHC, mean corpuscular hemoglobin concentration; TP, total protein; DBIL, direct bilirubin; ALB, albumin; [image: image], concentrations of bicarbonate.




Model Development

The data from TJH obtained between November 2012 and August 2019 were randomly divided into two cohorts—the training and internal validation cohorts—at a ratio of 4:1, respectively. The data from RHH and from TJH obtained between September 2019 and January 2021 were used as two external validation cohorts (termed here the RHH cohort and TJH2 cohort, respectively). The training cohort was analyzed using six machine learning (ML) models, namely, logistic regression (LR), support vector machine (SVM), K-nearest neighbor (KNN), RF, gradient-boosted decision tree (GBDT), and NN. Five-fold cross-validation was applied to fine-tune the parameters of these models (Supplementary Figure 2). Ultimately, an ensemble model, named TJHPEC, was generated from the three top-ranked predictive models (LR, RF, and GBDT). Specifically, the incidence risk probability of each estimator (LR, RF, and GBDT) was integrated by manually assigning weights of 0.2, 0.2, and 0.6, respectively. The well-fitted models were then tested using the test cohort. A normalized probability of risk for EC ranging from 0 to 1 was produced by each model. We selected the threshold of 0.34 to assign the predicted incidence risk label by optimizing the F1 score for the training and validation cohorts. Probabilities of <0.34 were assigned to non-EC and otherwise to EC for all ML methods (Supplementary Figure 1). Python was used for model training and prediction. The LR, SVM, KNN, RF, GBDT, and NN models were called using the methods Logistic Regression, SVC, KNeighborsClassifier, RandomForestClassifier, Gradient BoostingClassifier, and MLPClassifier with prominent settings after five-fold cross-validation. To make the data more Gaussian-like, StandardScaler was used to standardize the features before training and prediction by subtracting the mean and scaling to unit variance.



Data Analysis

The non-parametric Kruskal–Wallis test was used to analyze the clinical characteristics as continuous variables, and the chi-squared test for categorical variables. Multiple imputation with predictive mean matching was conducted to impute missing data for continuous variables. LR was applied as a traditional method for the prediction of EC. The predictive model was estimated using the receiver-operating characteristic (ROC) curve, and the accuracy, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), F1 score, Cohen's kappa, Brier score, and related 95% confidence intervals (CIs) were calculated. All statistical analyses were performed using R version 4.0.2 (R Development Core Team). LR and RF models were performed in the Python 3.7.0 (https://www.python.org/) environment. For all tests, p < 0.05 was considered to be significant. The schematic diagram of our predictive model was summarized in Supplementary Figure 2.




RESULTS


Patients' Characteristics

To establish this diagnostic prediction model, 2,563 consecutive patients with pathologically confirmed EC and benign gynecological disease were enrolled at Tongji Hospital of Tongji Medical College, Huazhong University of Science and Technology, between November 2012 and August 2019. A total of 641 patients were excluded for missing data, and the remaining 1,922 patients had data that were eligible for analysis and modeling. The EHRs of 1,537 patients were randomly assigned to the training cohort, and the other 385 patients were assigned to the group for internal validation (TJH1 cohort). For external validation, the EHRs of 288 patients with roughly the same characteristics as the RHH cohort and 904 from the TJH2 cohort were considered. Of these cohorts, 56 patients in the first group were excluded because of missing data, and the remaining 232 patients were eligible; 189 patients in the TJH2 cohort were excluded, and the remaining 715 patients were eligible. The detailed flowchart and disease classification are shown in Figure 1 and Supplementary Table 1, respectively.

The demographics of the eligible patients included in the validation are presented in Table 1.


Table 1. Demographic characteristics in the validation cohorts.
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Selection of Features

Fifty features were extracted from the EHRs, and <20% of these had missing data (Table 1; Supplementary Table 2). Nine of the 50 features were selected by LASSO analysis for the final modeling (Figure 2), which yielded 7 features associated with a high risk of EC: vaginal bleeding, menopause status, age, body mass index (BMI), alkaline phosphatase, endometrial thickness (ET), γ-glutamyl transpeptidase (γ-GGT). The 2 features associated with a low risk of EC were concentrations of bicarbonate, albumin.



Performance of Models in the Internal and External Validations

Initially, we adopted six ML models (LR, SVM, GBDT, NN, KNN, and RF) to predict EC in these cohorts (Table 2; Supplementary Table 3). The top three diagnostic–predictive models (RF, GBDT, and LR) were fused to create a new ensemble model, named TJHPEC. The decision-making threshold of 0.34 and the best achievable F1 score were derived to achieve the optimum classifier for the prediction of EC, and this showed the best predictive power among other models in our test cohorts (Table 2).


Table 2. Performance indices of the four predictive models for total EC in the validation cohorts.

[image: Table 2]

The area under the ROC curve (AUC) for the TJHPEC was 0.9346 (95% CI 0.9108–0.9584) for the internal validation cohort (TJH1) and indicated near-perfect discriminative ability. For the RHH cohort, the AUC of the TJHPEC was 0.8341 (95% CI 0.777–0.8912). The AUC for the TJH2 cohort was 0.8649 (95% CI 0.8377–0.8921). The accuracy, sensitivity, and specificity were 91.17% (95% CI 88.33–94%), 86.49% (95% CI 78.7–94.28%), and 92.28% (95% CI 89.32–95.25%), respectively, in the TJH1 cohort; 81.03% (95% CI 75.99–86.08%), 57.89% (95% CI 42.2–73.59%), and 85.57% (95% CI 80.62–90.51%), respectively, in the RHH cohort; and 80.98% (95% CI 78.1–83.86%), 80.42% (95% CI 73.92–86.92%), and 81.12% (95% CI 77.91–84.33%), respectively, in the TJH2 cohort (Table 2).

The Brier score is used to measure the accuracy of a probabilistic prediction. The Brier scores for the TJHPEC were 0.088, 0.19, and 0.19 for the TJH1, RHH, and TJH2 cohorts, respectively (Table 2). The parameters of predictive power in the three other models are shown in Supplementary Table 2. The ROC curves for the seven models (TJHPEC, RF, NN, GBDT, KNN, LR, and SVM) applied to the test cohort are shown in Figure 3.


[image: Figure 3]
FIGURE 3. Evaluation of the efficiency of the diagnostic prediction of models (LR, SVM, RF, NN, KNN, GBDT, and TJHPEC) using ROC curves for the total EC cohorts (A, TJH1 internal validation set; B, RHH external validation set; C, TJH2 external validation set) and stage I EC cohorts (D, TJH1 internal validation set; E, RHH external validation set; F, TJH2 external validation set).


ROC curves for the TJHPEC model for identifying stage I EC were created according to the International Federation of Gynecology and Obstetrics system and are shown in Figure 3 and Table 3. The AUC values were 0.9347 (95% CI 0.9102–0.9592), 0.8073 (95% CI 0.7335–0.8811), and 0.871 (95% CI 0.8435–0.8985) for the TJH1, RHH, and TJH2 cohorts, respectively. The predictive parameters for the seven models are shown in Table 3 and Supplementary Table 4.


Table 3. Performance indices of the four predictive models for stage I EC in validation cohorts.
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EC-Related Features in the New Model

The relationships between clinical variables and the probability of prediction in the four models are presented in Figure 4. The eight top-ranked features were highly associated with the prediction of EC in the TJHPEC model: age, vaginal bleeding, γ-GGT level, menopause status, concentrations of bicarbonate, albumin, body mass index (BMI) and endometrial thickness (ET) (Supplementary Table 5).


[image: Figure 4]
FIGURE 4. Preponderance ranking of the top 20 features was performed using four models (LR, RF, GBDT, and TJHPEC) for the prediction of EC. The size of each circle represents its relative importance. The depth of the color indicates the importance of each feature in each model.





DISCUSSION

The increasing cancer burden has prompted research on the development of efficient detection tools or models for early diagnosis and prediction of prognosis (13, 14). However, at present, there is no standard EC screening method for the general population. In this retrospective case–control study, we developed an HER- and ML-based computer-assisted ensemble model for diagnosing EC in women in central China. Our analysis showed that the TJHPEC model surpassed the other six ML models for identifying EC in the internal and two external validation cohorts with respective accuracy rates of 91.17, 81.03, and 80.98%, and AUC values of 0.9346, 0.8341, and 0.8649. This new model had a superior prognostic efficacy than the feed-forward artificial NN model described by Pergialiotis et al. (10) who reported a predictive accuracy rate of 85.4% in their internal validation of the model's prediction of the risk of symptomatic postmenopausal women experiencing EC. Moreover, our model had an efficient diagnostic capability for the detection of early EC.

The performance of this new model was slightly worse for the two external validation cohorts than for the internal validation set (Table 2). The TJH2 external validation was a temporal validation that was retrieved from the same hospital as the training and internal validation datasets but at different times. About 40% of patients were missing data for one essential feature (ET) in this dataset vertically, whereas for other features, <20% of patients were missing data; on the horizontal, up to 5 of 9 variables were missing. These may have contributed to the lower predictive ability for the TJH2 cohort although we used predictive mean matching to fill in missing data. The RHH set was a geographic validation. Data for the RHH cohort were from a tertiary hospital, which means that our TJHPEC model may be generalized to other settings. However, data for essential factors such as BMI were also missing for about 40% of patients and the up to 5 variables' data missing also existed, and the patient baseline characteristics were more heterogeneous because of different testing instruments, reagents, and/or reference ranges. The small population may be another reason for the poorer prediction performance in the RHH cohort. Missing data on some variables is inevitable in real-world practice, and our results recommended that all clinical features are needed to take full advantage of this model.

The cohort for training and testing was obtained from 10 years of EHRs relating to the pathology of the endometrium. For some benign disorders, certain characteristics are not part of the routine checkup, which may explain some of the missing data. Although most of the included patients had a rate of missing data of <20%, we still obtained a multidimensional cohort involving features relating to demographics, crucial symptoms and signs, laboratory test results, and tumor-related characteristics shown on ultrasound. Our model currently used nine clinical variables, which are commonly included in the routine physical examinations at most hospitals, makes this new model more practical. The essential risk factors, such as age, vaginal bleeding, menopause status and BMI in our model were also verified in most traditional statistical models, which makes our prediction model more interpretable.

An epidemiological risk model for the prediction of EC was conducted in a large cohort in Western Europe. The risk factors in this model were BMI, menopausal status, ages at menarche and at menopause, oral contraceptive use. The analyses were performed for the total group and by different categories of BMI, parity, age at first full-term pregnancy, duration of menopausal hormone therapy, and smoking status (specific for pre-, peri-, and postmenopausal women). The predicted efficiency over 5 years increased up to 77% compared with the 71% for a model based on age alone (15). Pfeiffer's group developed a predictive model of EC in two large cohorts of US white women aged ≥ 50 years. Their final relative risk model included BMI, menopausal hormone therapy, parity, premenopausal, age at menopause, smoking, and oral contraceptive use, and the AUC was only 0.68 for the validation cohort (16). By comparison, some of the risk factors are not appropriate for evaluation in the Chinese population given the lower prevalence of oral contraceptive and hormone-replacement use than in Europe and the United States (17). Consequently, we did not include these in our model. In addition to demographics and crucial symptoms, our model included laboratory test results and tumor-related characteristics shown on ultrasound, such as γ-GGT, ET, and levels of bicarbonate, albumin, alkaline phosphatase. These have not been included in the other predictive models.

One of the strengths of this study is the wide application scope of TJHPEC. Most previous research involved postmenopausal or older women. Our new TJHPEC model can be used in the general population. Another strength of our research is that our ensemble model TJHPEC had an efficient predictive performance for identifying all cases as well as the early stage of EC.

The main limitation of our research is the retrospective cohort design and the limited training data that were collected from a single institution and produced some missing or unbalanced data. Although we conducted temporal and geographic external validations, the results were not as good as for internal validation because of the small sample sizes, discrepancies in testing instruments, and some missing data. Another limitation is the geographic restriction because the sample population was all from central China. Further prospective studies that include external validation and larger multiracial cohorts are needed to confirm the reliability and to expand the applicable scope of our model.

In conclusion, this study describes a new predictive model of EC in the general population of central China. This model may help clinicians to select more appropriate clinical strategies and to reduce the need for invasive workup and the economic burden. In the future, a larger prospective cohort study from multiple centers will be conducted to validate and warrant the model's predictive efficiency.
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Background: Uterine leiomyomas are the most commonly observed pathologies, with an estimated prevalence of 4. 5–68.6%. We aimed to calculate myomectomy-related mortality and venous thromboembolism incidence rates in the Republic of Korea.

Methods: The data of patients who underwent myomectomy (2009–2018) were obtained from the Health Insurance Review and Assessment Service-National Inpatient Sample. The mortality rate after myomectomy was calculated using the leiomyoma diagnostic codes and myomectomy procedure codes. The incidence rates of venous thromboembolism, deep vein thrombosis, and pulmonary embolism were calculated using their diagnostic codes, with concomitant use of an antithrombotic agent during the same period or within 90 days after myomectomy.

Results: The data of 23,549 women aged 15–55 years who underwent myomectomy were extracted. The myomectomy rate was 14.6 ± 0.1 per 10,000 patients. The average age was 39.39 ± 0.04 years. One patient who underwent myomectomy died; this patient did not have concomitant venous thromboembolism. The post-myomectomy mortality rate was 1.3 ± 0.8 per 10,000 patients. The incidence rates of venous thromboembolism, deep vein thrombosis, and pulmonary embolism after myomectomy were 5.7 ± 1.6 per 10,000 patients, 4.4 ± 1.4 per 10,000 patients, and 2.5 ± 1 per 10,000 patients, respectively. The conversion rate to hysterectomy was 2.9 ± 1.1 per 10,000 patients.

Conclusion: The current mortality rate after myomectomy (0.013%) is substantially lower than that described in previous studies at the turn of the 20th century. The incidence of venous thromboembolism is also considerably lower than that in the general population worldwide.

Keywords: fibroids, leiomyoma, mortality, myomectomy, venous thromboembolism


INTRODUCTION

Uterine leiomyomas, commonly known as fibroids, are among the most common problems encountered by gynecologists, with a prevalence estimated at 4.5–68.6% (1). A research by Baird et al. showed that leiomyomas are discovered by ultrasonography in more than 80% of women of African lineage and in ~70% of white women by the age of 50 years (2). They frequently cause abnormal uterine bleeding and pelvic pain and are implicated in infertility. The contemporary options for symptomatic treatment of leiomyoma comprise expectant management, medical therapy, and surgical treatment or interventional radiology procedures (3).

Uterine leiomyomas are the most common indications for hysterectomy. Many patients with symptomatic leiomyomas want to have the option of future childbearing or simply want to conserve their uterus. For these women, the removal of the leiomyomas alone with reconstruction and preservation of the uterus is a significant option.

Ammussat performed the first myomectomy in 1840 (4). Successful abdominal myomectomy was performed as early as 1845 by Washington and John Atlee. Washington Atlee finally published his experience after 14 abdominal myomectomies, with five deaths in his patient group (5). At the turn of the 20th century, compared with the mortality rate of 6–7% for abdominal hysterectomy, abdominal myomectomy was associated with a mortality rate of 40% (4, 6). Victor Bonney is accredited with advocating and popularizing the procedure in the 1920's (7–9).

Hysterectomy may be required intraoperatively to control bleeding. In the Tufts series described by Iverson et al. (10), conversion to intraoperative hysterectomy was necessary in two of 103 patients who underwent myomectomy (10). In the Yale series described by LaMorte et al. (11), one of the 128 patients required a hysterectomy (11). Approximately 1–4% of open myomectomies are converted to hysterectomy (12, 13). Laparoscopic myomectomies are converted to laparotomy in 8% of the procedures (14). All patients undergoing abdominal or laparoscopic myomectomies should be counseled on the possibility of the above mentioned complications when obtaining consent (14). Furthermore, there are very few studies that elucidate the optimal time for conception after myomectomyA prudent plan is to permit patients to heal for a minimum of few months prior to attempting conception (15). Many studies have reported complications, such as bleeding, infection, visceral injury, bladder and ureter injury, thromboembolism, and uterine rupture in pregnancies occurring after myomectomy (10, 11). Venous thromboembolism (VTE) has long been recognized as a possible complication and leading cause of death in patients undergoing pelvic surgery (16).

Although myomectomy is a common operation in the field of gynecology, there are very few reports on the current mortality rate after myomectomy. Hence, this study aimed to determine the mortality rate after myomectomy in the Republic of Korea using the National Health Insurance Database. Additionally, we determined the VTE rate in this study population.



METHODS


Study Setting and Participants

Almost all residents of the Republic of Korea are protected by the insurance provided by the National Health Insurance Corporation (NHIC). The Health Insurance Review and Assessment Service (HIRA) decides if the medical fee claimed by healthcare institutions is appropriate and recommends reimbursement by the NHIC in an unbiased manner. Therefore, the HIRA shares a significant part of the NHIC data (17). The HIRA collates the HIRA-National Inpatient Sample (HIRA-NIS) every year, extracting the data of one million people (this includes 10–13% of patients who have been hospitalized at least once and 1% of patients who have never been hospitalized during a single calendar year) enrolled in the health insurance service for medical research. The HIRA patient samples are considered representative of the population, as demonstrated by similar results of studies that used the HIRA-NIS and complete health insurance data (18, 19). This cross-sectional study used the HIRA-NIS 2009–2018 data (Serial numbers: HIRA-NIS-2009-0068/2010-0137/2011-0194/2012-0117/2013-0041/2014-0132/2015-0123/2016-0100/2017-0030/2018-0058) (17). We used the diagnostic codes included in the claims that were classified as per the International Classification of Diseases (ICD-10), the surgical and treatment codes from the Health Insurance Medical Care Expenses (2017–2018 version), and the HIRA Drug Ingredients Codes (drug codes) to select the participants.



Case Definition

Female patients aged 15–55 years who had leiomyoma diagnostic codes simultaneously with myomectomy treatment codes (laparotomic/laparoscopic and not hysteroscopic myomectomies/myomectomy during cesarean section) were enrolled in the study (Figure 1). Patients who died from uterine leiomyomas were defined using a code for death within 90 days of myomectomy; in these cases, if there was a diagnostic code related to cancer in the main or sub-diagnosis on the date of death or if there was a diagnostic code that was not connected to hemorrhage or infection (e.g., trauma due to an accident), “death due to myomectomy” was excluded. In addition, patients with two or more outpatient visits after myomectomy were not defined using the “death due to myomectomy” code.


[image: Figure 1]
FIGURE 1. Flowchart showing the selection of the study participants.


Patients with venous thromboembolism (VTE), deep vein thrombosis (DVT), and pulmonary embolism (PE) were defined as those who had VTE, DVT, and PE diagnostic codes, respectively, with concomitant use of an antithrombotic agent during the same time period or within 90 days after myomectomy (Table 1). Those diagnosed with VTE, DVT, and PE before or 90 days after myomectomy were excluded from this study. Conversion to hysterectomy during myomectomy was defined as having both myomectomy and hysterectomy codes simultaneously.


Table 1. Diagnostic and procedural codes used in this study.
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Patients on Medicaid (or an equivalent) for medical insurance were categorized as having a low socioeconomic status (SES). Patients' age was categorized using 5-year intervals. The Charlson comorbidity index (CCI) was verified through diagnostic codes used from January 1 of each year to December 31 of the same year. The CCI was scored in accordance with the method proposed by Quan et al. and categorized into 0, 1, 2, 3, or more (20). The hospitals were classified based on size as clinics, hospitals, general hospitals, and senior general hospitals.



Statistical Analysis

All statistical analyses in this study were performed using the statistical program R version 3.5.0 (the R Foundation for Statistical Computing, Vienna, Austria). All statistical calculations were performed using two-tailed tests and significance was set at p <0.05. All continuous data are expressed as mean ± standard error, and all categorical data are expressed as total numbers (%). Two different sampling weights were used for the data in this study. The weighted t-test was utilized for the mean comparison of continuous variables, and the chi-square test was used for the comparison of categorical variables. The weighted mean was used to calculate the mean of the continuous variables, and the weighted ratio was used to calculate the ratio of the continuous variables. If there were missing values, the listwise deletion method was used.



Ethics

This research study was conducted retrospectively using data obtained for clinical purposes. The Institutional Review Board (IRB) of Sanggye Paik Hospital of Inje University granted an official waiver of ethical approval and informed consent (IRB approval number: SGPAIK 2020-07-006) for this study.




RESULTS

In this study, the data of 23,549 women aged 15–55 years who underwent myomectomy were extracted from a database of 3,307,214 women, recorded between 2009 and 2018 (Figure 1). The number of myomectomies performed increased annually over the years (Figure 2). The average age was 39.39 ± 0.04 years, and VTE was reported in two patients. Patient characteristics are shown in Table 2. One patient who underwent myomectomy died. However, concomitant VTE was not observed in this patient (Table 3). Among women aged 15 to 55 years, the myomectomy rate was 14.6 ± 0.1 per 10,000 patients (Table 4). The mortality rate after myomectomy was 1.3 ± 0.8 per 10,000 patients (Table 4). The incidence rates of VTE, DVT, and PE after myomectomy were 5.7 ± 1.6 per 10,000, 4.4 ± 1.4 per 10,000, and 2.5 ± 1 per 10,000, respectively (Table 4). The conversion rate to hysterectomy during myomectomy was 2.9 ± 1.1 per 10,000 patients (Table 4).
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FIGURE 2. The estimated number of myomectomy cases in different years from the HIRA-NISHIRA-NIS database.



Table 2. Characteristics of myomectomy in HIRA-NPS 2009-2018.
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Table 3. VTE according to age per 5 years or death in myomectomy patients (HIRA-NPS 2009-2018).
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Table 4. The rates or estimated cases about myomectomy in HIRA-NIS 2009-2018.
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DISCUSSION

To our knowledge, this is the first report on the mortality rate after myomectomy from a large database of over 6 million patients. Based on data obtained from the HIRA-NIS, we found that the mortality rate after myomectomy was 0.013% among women aged 15–55 years. The mortality rate after myomectomy was considerably lower than that reported in the past. One patient who underwent myomectomy died, and this patient did not have concomitant VTE. The incidence rates of VTE, DVT, and PE after myomectomy were 0.057, 0.044, and 0.025%, respectively. The conversion rate to hysterectomy after myomectomy was 0.029%. These values were also considerably low.

Uterine leiomyomas (myomas or fibroids) are the most common type of pelvic tumors in women, with a lifetime risk of approximately 70–80% (2). There are many treatment options for leiomyoma-related symptoms, including expectant treatment, medical treatment, non-excisional procedures (magnetic resonance guided focused ultrasound, endometrial ablation, uterine artery embolization), and surgery (radiofrequency ablation, myomectomy, hysterectomy) (3). Myomectomy is performed to remove leiomyomas surgically from the uterus, keeping the uterus in place for women who wish to become pregnant or retain the uterus.

At the turn of the 20th century, compared with the mortality rate of 6–7% for abdominal hysterectomy, abdominal myomectomy was associated with a mortality rate of 40% (4–6). Hemorrhage and embolism have been the main causes of death in patients who underwent myomectomy (6). There are three possible complications associated with the operation, namely hemorrhage, postoperative morbidity, and mortality. The incidence of these complications was observed to gradually reduce with improvements in surgical techniques. Severe hemorrhage may be addressed using a number of techniques, including intraoperative blood salvage, uterine artery ligation, tourniquet application, use of vasoconstrictive agents, or conversion to hysterectomy. The mortality rate after myomectomy dropped to <1% in the 1950's (6) and was no longer higher than that after hysterectomy (6). In addition, there was no difference in complication rates between those who underwent myomectomy and hysterectomy (21).

Although myomectomy is a common operation in the field of gynecology, there are very few studies on the mortality associated with myomectomy. Therefore, we performed this study to investigate the current mortality rate of myomectomy in the era of advanced surgical skills and improved anesthesiology. In the Republic of Korea, where national health insurance is provided, most myomectomy data are acquired through the HIRA database. Therefore, we studied the mortality rate of myomectomy using the health insurance claims data. We also determined the VTE rate and conversion rate to hysterectomy. In the future, it is necessary to compare the current mortality rates of hysterectomy and myomectomy.

VTE has long been recognized as a possible complication and a leading cause of death in patients undergoing pelvic surgery (16). Pelvic operations are more prone to complications due to VTE than operations at other sites (16). PE is one of the most serious and common preventable cause of in-hospital deaths after surgery (22). Without thromboprophylaxis, the risk of DVT in patients undergoing major general or gynecologic surgery is 15–30%, and the risk of fatal PE is 0.2–0.9% (23). In a population of patients who selectively received prophylactic anticoagulants (38% of patients), the rate of VTE was 0.2% (24). Patients undergoing myomectomy (major surgery, defined as lasting for >30 min) are at a low-to-moderate risk of VTE and require appropriate thromboprophylaxis, whether mechanical or pharmacologic. In the Republic of Korea, the overall rates of postoperative VTE in major orthopedic, cancer, and benign surgeries were 1.24, 0.67, and 0.05%, respectively. Colorectal cancer surgeries (1.67%) and hip fracture (1.60%) were associated with the highest rates of VTE (25). Patients undergoing surgery for ovarian, colorectal, pancreatic, and esophageal cancers and major orthopedic surgery had a >20-fold increased risk of developing VTE than those undergoing benign surgery (25). Some authors have demonstrated that the rates of postoperative VTE in Asia, especially in the Republic of Korea, are lower than those in Caucasian populations (25). For this reason, thromboprophylaxis is not commonly offered in South Korea unless a major surgery (cancer-related surgery) is performed.

In our study, the incidence rates of VTE, DVT, and PE after myomectomy were 0.057, 0.044, and 0.025%, respectively, in the Korean population. The incidence of VTE was considerably lower than that in the general population worldwide and even in a population of patients who received prophylactic anticoagulants (VTE incidence rate: 0.2%). PE-related mortality was reported to fall from 3.3% (2001 to 2005) to 1.8% (2010 to 2013) in one study and from 17 to 10% in another study, (26, 27) with a decreasing trend each year. One of the 23,549 patients who underwent myomectomy between 2009 and 2018 died, and this patient did not have concomitant VTE. In Asian countries, such as South Korea, where VTE incidence is low, the contribution of VTE to the mortality rate associated with myomectomy is likely to be small. We believe that the considerably low mortality rates of myomectomy are due to the relatively low VTE rates in addition to improvements in surgical techniques and advanced anesthesiology methods in South Korea. However, the current study had a limitation when compared with other studies as there were no data about the body mass index and smoking status, which are often related to DVT.

Hysterectomy may be required intraoperatively to control bleeding. In our study, the conversion rate to hysterectomy during myomectomy was 0.029%. This is extremely low compared to that reported in previous studies. In cases of conversion to hysterectomy, the myomectomy code may have been omitted because there was no difference in reimbursement even if it was not entered. This could explain why the conversion rate to hysterectomy was very low in our study. Thus, future studies on the conversion rate to hysterectomy with different research methods for extracting data are required.

Myomectomy has been reported to temporarily reduce uterine volume and relieves symptoms in ~80% of the patients (28). The risk of recurrence after myomectomy is approximately 27% for single leiomyomas and >50% for multiple leiomyomas (29). If the first surgery is performed for a single leiomyoma, 11% of the women require subsequent surgery, (30) if multiple leiomyomas are removed during the initial surgery, 26% require subsequent surgery.

Our study has several limitations. First, the mortality rates in this study may be lower than the actual rate because the incidence rates in this study included only those recorded in medical institutions. Therefore, deaths outside these institutions may not have been incorporated in this study. Additionally, sudden death occurring as a side effect of myomectomy is rare. Considering the narrow land area, the density of medical institutions, relatively low medical expenses, and free emergency transportation (119) provided by the county, the ratio is likely to be very low. Second, the conversion rate to hysterectomy during myomectomy may be much lower than the actual rate because the myomectomy surgical code was not included in some cases of conversion to hysterectomy. Third, our study design did not distinguish between open and laparoscopic surgeries. However, there was only one recorded death, and the comparison of the mortality rates between laparoscopic surgery and laparotomy did not seem to be warranted. Fourth, we could not consider the risk factors, size and number of leiomyomas, surgical time etc. However, there was only one recorded death; thus, these factors were considered not significant. It is meaningful to investigate incidence rates of myomectomy-related mortality and venous thromboembolism in South Korean populations. Finally, the cause of death was unknown but was not related to cancer or trauma due to an accident.

In conclusion, we found that the mortality rate after myomectomy in South Korea is considerably lower than that reported in previous studies, especially at the turn of the 20th century. The myomectomy-related DVT rate is also lower than that reported in previous studies, especially in studies conducted in the Caucasian population. We have established that the current mortality rate after myomectomy has markedly reduced and that the incidence of DVT is low in this Asian population.
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Introduction: Maternal mortality and severe maternal morbidity remain major public health problems globally. Understanding their risk factors may result in better treatment solutions and preventive measures for maternal health. This review aims to identify the prevalence and risk factors of severe maternal morbidity (SMM) and maternal near miss (MNM).

Methods: A systematic review and meta-analysis was conducted to assess the prevalence and risk factors of SMM and MNM. The study adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines. A systematic search was performed in the MEDLINE (PubMed), CINAHL (EBSCOhost), and Science Direct databases for articles published between 2011 and 2020.

Results: Twenty-four of the 44 studies included were assessed as being of good quality and having a low risk of bias. The prevalence of SMM and MNM was 2.45% (95% CI: 2.03, 2.88) and 1.68% (95% CI: 1.42, 1.95), respectively. The risk factors for SMM included history of cesarean section (OR [95% CI]: 1.63 [1.43, 1.87]), young maternal age (OR [95% CI]: 0.71 [0.60, 0.83]), singleton pregnancy (OR [95% CI]: 0.42 [0.32, 0.55]), vaginal delivery (OR [95% CI]: 0.11 [0.02, 0.47]), coexisting medical conditions (OR [95% CI]: 1.51 [1.28, 1.78]), and preterm gestation (OR [95% CI]: 0.14 [0.08, 0.23]). The sole risk factor for MNM was a history of cesarean section (OR [95% CI]: 2.68 [1.41, 5.10]).

Conclusions: Maternal age, coexisting medical conditions, history of abortion and cesarean delivery, gestational age, parity, and mode of delivery are associated with SMM and MNM. This helps us better understand the risk factors and their strength of association with SMM and MNM. Thus, initiatives such as educational programs, campaigns, and early detection of risk factors are recommended. Proper follow-up is important to monitor the progression of maternal health during the antenatal and postnatal periods.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021226137, identifier: CRD42021226137.

Keywords: severe maternal morbidity, maternal near miss, prevalence, risk factor, meta-analysis


INTRODUCTION

Severe maternal morbidity (SMM) refers to “potentially life-threatening conditions during pregnancy, childbirth or after pregnancy, from which maternal near miss (MNM) cases would emerge” (1, 2). The standard definition and internationally accepted identification criteria for SMM by the World Health Organization (WHO) Working Group on Maternal Mortality Morbidity Classifications (1, 2) incorporate clinical disorders (hemorrhagic, hypertensive, and other systemic disorders) and severe management indicators to assess the severity of SMM and to strengthen the ability of health care professionals to detect SMM (1).

However, maternal mortality and SMM remain major public health problems for global healthcare systems despite substantial progress (3). Between 1990 and 2015, the global maternal mortality ratio (MMR) declined by 44% but failed to meet the 75% reduction set by Millennium Development Goal 5. Sustainable Development Goal 3 aims to ensure healthy living, promote well-being for people of all ages, and reduce global MMR to <70 per 100,000 live births by 2030. The average reduction of 7.5% each year between 2016 and 2030 is more than three times the 2.3% annual rate of decline observed globally between 1990 and 2015.

Prior to 2011, the literature varied in its definitions and criteria used to classify SMM and MNM cases. In a review, the prevalence of SMM based on various disease-specific, management-based, and organ system dysfunction-based criteria ranged from 0.04 to 15% (4). Meanwhile, the prevalence according to organ-based dysfunction using the Mantel criteria and emergency hysterectomy was 0.42 and 0.039%, respectively. With a 98.3% I2 value for the Mantel-based criteria and 95.5% for the emergency hysterectomy criteria, the heterogeneity among studies was large and significant (4).

While maternal mortality has been commonly used as a benchmark for maternal health status, there is evidence that it is just the “tip of the iceberg” for adverse maternal outcomes (5, 6). The SMM literature has revealed several contributing factors. Employment status (7), low household income (8), history of abortion (8), multiple births (9), and inadequate antenatal care (8) were documented as contributing factors for SMM. However, mixed findings were reported for the factors of age (10–12), race (9, 13), educational level (8, 13), co-existing medical conditions (14), parity (15), gestational period (10), mode of delivery (12, 16), previous cesarean section (14), and pre-pregnancy body mass index (9, 14).

Determining the pooled prevalence of SMM at a global level gives a better indication of its severity than discrete primary studies. The identification of factors associated with SMM allows a clearer understanding of the issue and serves as a basis for appropriate preventive strategies to be established. This pertains to primary prevention at the institutional, provider, and client levels, such as screening or preventive that could potentially avoid death or severe morbidity from a disorder. Therefore, to inform clinical policy and enhance patient care, planning beyond maternal mortality and direct, focused evaluation of the strength of each risk factor's association with SMM is required. This systematic review aims to ascertain the prevalence and risk factors of SMM based on the WHO standard definition and criteria (1). The evidence, effect estimates, and strength of statistical association between SMM and its risk factors will be summarized in this review.



METHODS


Study Design and Search Strategy

To determine the prevalence and risk factors, researchers conducted a systematic review and meta-analysis of studies on SMM. The study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1).


[image: Figure 1]
FIGURE 1. PRISMA flow chart.


A systematic search was performed in the MEDLINE (PubMed), CINAHL (EBSCOhost), and Science Direct databases for articles published between 2011 and 2020 inclusive. The search was done using the following Medical Subject Headings (MeSH) and generic free-text search terms as follows: ((Prevalence [MeSH Terms]) OR (risk factors[MeSH Terms])) AND (severe maternal morbidity[Text Word])) OR (maternal near miss[Text Word])) OR (potentially life-threatening[Text Word])) OR (maternal complications[Text Word])) OR (severe acute maternal morbidity[Text Word])) OR (pregnancy complications[Text Word])) AND ((“2011” [Date - Publication]: “2022” [Date - Publication])) The search terms were flexible and tailored to the various electronic databases. All studies published starting from 2011 were retrieved to assess their eligibility for inclusion in this study. The search was limited to full-text articles written in English. The reference lists of the included studies were cross-checked to locate additional potentially acceptable studies.



Eligibility Criteria

The main inclusion criterion was the reporting of prevalence or risk factors of SMM. Studies that were written in English, published in 2011 or later, had cross-sectional, case-control, or cohort designs, and were conducted in the community or health institutions were included. Case series/reports, conference papers, proceedings, abstract-only articles, editorial reviews, letters of communications, commentaries, systematic reviews, and qualitative studies were excluded.



Study Selection and Screening

All records identified using our search strategy were exported to the EndNote X8 (Clarivate Analytics). Duplicate articles were removed. Two independent reviewers (MKHR, NMN) screened the titles and abstracts of the identified articles. The full texts of eligible studies were obtained and thoroughly read to assess their suitability for the meta-analysis. A consensus discussion was held in the event of a conflict between the two reviewers, and a third reviewer was consulted. The search method is presented in the PRISMA flow chart showing the number of studies that were included and excluded, along with reasons for exclusion (Figure 1). The primary outcomes of this study were the prevalence and risk factors of SMM.



Quality Assessment and Bias

A critical appraisal was done to assess data quality using the Joanna Briggs Institute Meta-Analysis for cross-sectional, case-control, and cohort studies (17). Independent bias assessments were carried out by two reviewers. When more than 70% of the responses were “yes,” moderate when 50–69% of the answers were “yes,” and high when <50% of the answers were “yes,” the risk of bias was rated low. Studies that showed a high or moderate risk of bias were excluded from the review.



Data Extraction

Two reviewers independently extracted data into Microsoft Excel (Microsoft Office Professional Plus 2016). The data included the name of the first author, publication year, study location, study design, setting, study population, sample size, SMM definition, prevalence, risk factors, and data for calculation of effect estimates. The data for risk factors included sociodemographic characteristics, medical and gynecological histories, and past and present obstetric performance.



Result Synthesis and Statistical Analysis

Outcomes were reported using odds ratios (ORs) and 95% confidence intervals (CIs). The analysis was performed with the Review Manager software (v.5.4; Nordic Cochrane Centre, Copenhagen, Denmark). A random-effects model was used to pool data. The I2 statistic was used to assess heterogeneity, which was stratified as follows: 0–40%, might not be important; 30–60%, moderate heterogeneity; 50–90% substantial heterogeneity; and 75–100%, considerable heterogeneity (18). Funnel plots and Egger's test were used to assess publication bias if indicated, and a p < 0.05 was declared as statistically significant.




RESULTS


Characteristics of the Included Studies

A total of 2,435 articles were retrieved through an electronic search using the aforementioned search terms, of which 1,786 were eligible for the title and abstract assessment after removing 649 duplicate records. Of the 1,786 articles screened for eligibility, 1,727 were excluded after evaluating their titles and abstracts. A total of 59 articles underwent full-text assessment for eligibility, of which 15 were excluded due to irrelevancy (n = 10), not suitable type of publication (n = 1), unavailability of full text (n = 2), and not recent (n = 2) (Figure 1).

In this review, 44 articles underwent quality assessment, of which 24 with good quality and low risk of bias were included and the remaining poor-quality articles excluded. Nineteen studies were cross-sectional, two were case-control, and three were cohort. A variety of countries were represented in this systematic review and meta-analysis. The smallest sample size was 262 women, and the largest was 3,162,303 (Table 1). The source of funding of included articles was tabulated in the Supplementary File.


Table 1. Summary of research articles included in the systemic review and meta-analysis for SMM and MNM (n = 24).
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Severe Maternal Morbidity

We observed significant variations in the prevalence of SMM in this review (Figure 2). The lowest reported prevalence of SMM was 0.53% (19), and the highest was 6.78% (23). Eight articles were included, with the overall pooled prevalence of SMM at 2.45% (95% CI: 2.03, 2.88). Egger's test showed statistically insignificant publication bias (P = 0.162).


[image: Figure 2]
FIGURE 2. Forest plot depicting the prevalence of severe maternal morbidity.


Various factors such as age, parity, history of cesarean section, previous history of abortion, singleton pregnancy, and coexisting medical conditions were evaluated for their association with SMM. Two studies (12, 19) reported an association between a history of cesarean section and SMM with an OR of 1.63 (95% CI: 1.43, 1.87) when compared to women with only a history of vaginal delivery. Four studies (12, 19, 20, 25) showed a significant association between young maternal age and SMM with an OR of 0.71 (95% CI: 0.60, 0.83) when compared with older women. Additionally, three studies (12, 19, 20) showed a significant association between singleton pregnancies and SMM with an OR of 0.42 (95% CI: 0.32, 0.55) when compared to twin pregnancies (Figure 3).


[image: Figure 3]
FIGURE 3. Forest plot showing the association of history of cesarean section, maternal age, and singleton pregnancy with severe maternal morbidity.


Two studies (19, 25) showed no association between parity and SMM occurrence with an OR of 1.17 for primiparous women (95% CI: 0.92, 1.50) when compared to multiparous women. Likewise, two studies (12, 19) showed no association between history of abortion and SMM occurrence with an OR of 1.17 (95% CI: 0.86, 1.61) (Figure 4) when compared to women without a history of abortion.


[image: Figure 4]
FIGURE 4. Forest plot showing the association of parity and history of abortion with severe maternal morbidity.


Two studies (12, 19) showed a significant association between coexisting medical conditions and SMM with an OR of 1.51 (95% CI: 1.28, 1.78) when compared to mothers without medical conditions. Three studies (12, 19, 25) showed an association between vaginal delivery and SMM with an OR of 0.11 (95% CI: 0.02, 0.47) when compared to cesarean delivery. Lastly, one study showed an association between full-term delivery and SMM with an OR of 0.14 (95% CI: 0.08, 0.23) when compared to pre-term delivery (Figure 5).


[image: Figure 5]
FIGURE 5. Forest plot showing the association of history of coexisting medical conditions, vaginal delivery, and gestational period with severe maternal morbidity.




Maternal Near Miss

Sixteen articles were included in the estimation of the pooled prevalence of MNM. A wide variance in the prevalence of MNM was observed. The lowest reported prevalence was 0.58% (33) and the highest was 27.87% (28). The overall pooled prevalence of MNM was 1.68% (95% CI: 1.42, 1.95) (Figure 6).


[image: Figure 6]
FIGURE 6. Forest plot depicting the prevalence of maternal near miss.


One study (23) reported an association between a history of cesarean section and MNM with an OR of 2.68 (95% CI: 1.41, 5.10) compared to women without a history of cesarean section. Additionally, the same study (23) showed an association between a history of abortion and MNM with an OR of 1.64 (95% CI: 0.92, 2.93) when compared to women with no history of abortion (Figure 7).


[image: Figure 7]
FIGURE 7. Forest plot showing the association of history of cesarean section and abortion with maternal near miss.





DISCUSSION

In our analysis, the worldwide prevalence of SMM and MNM was 2.45 and 1.68%, respectively. The risk factors of history of cesarean section, advanced maternal age, multiple pregnancies, co-existing medical conditions, and cesarean birth were associated with SMM, while the sole reported risk factor for MNM was a history of cesarean section.

Older maternal age has been associated with a greater likelihood of having pre-existing medical conditions, a higher risk of obstetric complications, maternal morbidity, and an increased risk of progression from SMM to death (42). In our review, it can be concluded that advanced maternal age increases the risk of SMM. Contrary to the results of other reviews, we found that maternal morbidity was higher in mothers at both ends of the age spectrum, such as those of age >35 years and adolescents (43).

According to a review (43), national estimates from vital registration in the United States suggest that adolescents have a lower MMR than women of age >20 years. The same review also reported statistics from the United Kingdom showing that the MMR for women of age under 20 years is slightly higher than that of women of age 20–24 years but lower than that of women of age >25 years. Conversely, data from Australia suggest that the MMR for women of age under 20 years is higher than those of all other age groups apart from women of age >40 years. Evidence from both developing and developed countries also suggests that risks are greater for younger adolescents, with girls of age 15 years or younger having higher mortality rates than older adolescents. In most countries, adolescent births are concentrated among poorer, less educated women, which further compounds their disadvantaged situation by disrupting school attendance and limiting future livelihood opportunities.

In terms of physiological risk, the evidence is somewhat conflicting. Still, some evidence suggests that young women are at increased risk of several direct causes of maternal mortality, such as eclampsia, and indirect causes, such as obstructed labor. A study in Latin America also showed increased risks of hemorrhage and sepsis in young women, particularly those under 16 years of age (43).

According to a report by the Centers for Disease Control and Prevention, the MMR in the United States increased gradually with increasing maternal age and particularly in women older than 35 years, specifically, a 3.5-fold increase in MMR. This increased rate of maternal mortality is mostly attributed to comorbidities and coexisting medical conditions, such as metabolic syndrome, past and current cancer, cardiovascular, renal, and autoimmune diseases, which are more prevalent among older pregnant women. For instance, hypertension and Type II diabetes are more common in older women, and women older than 35 years have a 2- to 4-fold higher risk of having hypertension compared to women aged 30–34 years (44).

Women with a prior cesarean delivery had almost two times the risk (CI: 1.93, 2.23) of SMM compared to those without a prior cesarean delivery. Prior cesarean delivery is known to be associated with preeclampsia, placenta previa, placenta accreta, placental abruption, uterine rupture, postpartum infection, transfusion, and admission to the intensive care unit (14). The risks of placenta previa and morbidly adherent placenta in subsequent pregnancies increased markedly with an increasing number of prior cesarean sections. Compared with those without a history of cesarean section, pregnant women with a history of cesarean section were significantly more likely to experience uterine rupture, morbidly adherent placenta, MNM, severe maternal outcomes, and placenta previa. Uterine rupture during pregnancy and delivery is one of the most devastating obstetric complications, as it frequently results in life-threatening maternal and fetal compromises (45).

According to the 2018 annual report by the National Perinatal Epidemiology Center of Ireland, 45.4% of women who experienced an SMM in 2016 were nulliparous (46). The SMM rate for multiparous women was 6.46 per 1,000, 32% higher than that of primiparous women. However, nulliparous women had the highest SMM of 7.66 per 1,000 births, 56% higher than primiparous women at 4.91 per 1,000 births.

A French study found that the risk for SMM was significantly higher for unplanned cesarean deliveries at all maternal ages. In contrast, the planned delivery mode analysis showed an increased risk of SMM associated with planned cesarean delivery compared with planned vaginal delivery in only women aged 35 years and older (42).

According to a secondary analysis by the WHO Multicountry Survey on Maternal and Newborn Health (WHOMCS), a cross-sectional study performed in 29 countries, it was found that twin pregnancies had a higher risk of contributing to SMM and mortality in all regions (47). Using the new WHO diagnostic criteria for severe maternal conditions, another recent WHOMCS study identified that twin pregnancies doubled the risk of SMM, tripled the risk of MNM, and increased the risk of maternal death 4-fold when compared to singleton pregnancies. The current review found a higher occurrence of preterm deliveries in SMM, which correlates with the underlying etiology of the women's medical conditions.

According to the WHO, maternal deaths have been described as the tip of the iceberg and maternal morbidity as the base (5). For every woman who dies from pregnancy-related reasons, another 20 to 30 women suffer from acute or chronic morbidity, frequently with long-term consequences that impair their ability to function normally. Women's physical, mental, and sexual health, as well as their ability to perform in particular areas (e.g., cognition, mobility, and social involvement), body image, and socioeconomic position, are all affected by these consequences. Maternal morbidity, like maternal mortality, is expected to be the highest in low- and middle-income nations, particularly among the poorest women. There are no proper standardized results on the implications of SMM. However, it is well-known that it can lead to short- and long-term consequences, which are preventable.

The studies in the current review underwent quality assessment, and only good-quality studies with a low risk of bias were included. There were only a few studies that compared women with and without maternal complications, which did not allow us to identify population risk factors. The heterogeneity in the outcomes ranged from low to high, possibly due to the participants' sociodemographic characteristics. However, subgroup analysis was not possible because of the limited number of studies that had substantial heterogeneity. We involved only three databases for searching. However, MEDLINE is the most extensive database for social and medical sciences and the inclusion of 24 papers is strong enough to conclude the outcome. Moreover, we have displayed the cumulative effect estimates in forest plots that consolidate the findings.



CONCLUSIONS

Notably, identifying the risk factors for severe maternal morbidity and maternal near miss is pertinent to prevent maternal death. Quantifying the strength of association of the risk factors and surveillance of the presence of these factors at primary and tertiary care levels helps to identify the interventions required that can be performed during antenatal care and childbirth. Initiatives such as educational programs, campaigns, and early detection of risk factors contributing to SMM and MNM are recommended. Proper follow-up is important to monitor the progression of maternal health during the antenatal and postnatal periods. We recommend additional studies comparing women with and without SMM and MNM using the WHO definition and criteria.
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The Role of Human Epididymis Protein 4 in the Diagnosis and Prognosis of Diseases: An Umbrella Review of Systematic Reviews and Meta-Analyses of Observational Studies
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Background: The application of human epididymis protein 4 (HE4) in diverse health diseases, especially in cancers, has been extensively studied in recent decades. To summarize the existing evidence of the aforementioned topic, we conducted an umbrella review to systematically evaluate the reliability and strength of evidence regarding the role of HE4 in the diagnostic and prognostic estimate of diverse diseases.

Methods: Electronic searches in PubMed, Web of Science, and Embase databases were conducted from inception to September 16, 2021, for meta-analyses, which focus on the role of HE4 in the diagnosis and prognosis of diseases. This study protocol has been registered at PROSPERO (CRD42021284737). We collected the meta-analysis effect size of sensitivity, specificity, positive predictive value, and negative predictive value from diagnostic studies and gathered the hazard ratio (HR) of disease-free survival, overall survival, and progression-free survival from prognostic studies. For each systematic review and meta-analysis, we used a measurable tool for evaluating systematic reviews and meta-analysis (AMSTAR) to evaluate the methodological quality. Additionally, we assessed the quality of evidence on estimating the ability of HE4 in the diagnosis and prognosis of diverse diseases by the Grading of Recommendations Assessment, Development and Evaluation (GRADE) guideline.

Results: Overall, 20 meta-analyses including a total of 331 primary studies of different diseases were examined, mainly including ovarian cancer (OC) (n = 9), endometrial cancer (EC) (n = 6), and lung cancer (LC) (n = 4). The methodological qualities of all studies were rated as moderate (45%) or high (55%) by the AMSTAR. According to the GRADE, the certainties of 18 diagnostic pieces of evidence (9 for sensitivity and 9 for specificity) were rated as moderate (34%), low (33%), and very low (33%). Moreover, outcomes from prognosis studies showed evidence (1 for disease-free survival) with high certainty in regard to cancers (such as EC, OC, and LC) with the remaining three being moderate.

Conclusion: This umbrella review suggested that HE4 was a favored biomarker in the prognosis of cancers, which was supported by high certainty of evidence. Additionally, HE4 could provide a suitable method for the diagnosis of EC, OC, and LC with moderate certainty evidence. Further large prospective cohort studies are needed to better elucidate the diagnostic and prognostic role of HE4 in diseases.

Keywords: diagnosis, GRADE, human epididymis protein 4, prognosis, umbrella review


INTRODUCTION

The existence or quantitative change of biomarkers can indicate the nature of the diseases and contribute to a clear understanding of the progress of the diseases (1). Biomarker-disease relationships have been extensively investigated. Compared with other diagnostic methods, serum biomarkers, such as carcinoembryonic antigen (2) and squamous cell carcinoma antigen (3) take priority due to their low inspection cost and non-invasiveness, which is an essential step for the screening, diagnosis, classification, and prognosis of diverse diseases. Carbohydrate antigen 125 (CA125) levels are widely used for the diagnosis and prognosis of diseases (4, 5), but human epididymis protein 4 (HE4) has a higher true positive rate and true negative rate than CA125, so the clinical application of HE4 is wider than that of CA125. HE4 is a secretory glycoprotein, transcribed and translated from the whey acidic protein 4-disulfide core domain 2 genes (6). HE4 was known as one of the most promising novel serum biomarkers for the diagnosis, prognosis, and monitoring of diverse diseases, and its ability on disease diagnosis was approved and supported by Food and Drug Administration (7, 8). HE4 is considered as a potential biomarker for ovarian cancer (OC) because it shows higher specificity and diagnostic accuracy than other biomarkers (9). The functions of HE4 in the field of biomarkers were found in 2003 (10). Considering the two well-researched protein co-expression genes near HE4, secretory leukocyte protease inhibitor and P13, which are demonstrated to have angiogenesis regulation, cell growth, cell migration, immune, antimicrobial, and anti-HIV functions (11, 12).

Previous epidemiological studies have investigated the diagnostic role of HE4 in some diseases, such as OC (13, 14), lung cancer (LC) (15), renal fibrosis (16), breast cancer (17), and endometrial carcinoma (EC) (18). For example, the results of a meta-analysis showed that HE4 had higher specificity (0.84 vs. 0.57) and similar sensitivity (0.79 vs. 0.81) than CA125 for differentiating malignant from benign pelvic mass disease (19), similar findings could be observed in those meta-analyses (7, 20, 21). However, a meta-analysis demonstrated that HE4 was no better than CA125 for OC prediction (22). Due to the high disease heterogeneity and risk of bias, there is no consensus on the accuracy of HE4 in different diseases. On the other hand, the prognostic role of HE4 expression in diseases has also been reported (23–26). However, the findings from these studies remain controversial. For example, Kalapotharakos et al. (23) reported that the serum level of HE4 was a prognostic marker for overall survival (OS) among Sweden women with epithelial OC. In addition, a previous study (25) reported that 2-year OS was not associated with HE4 levels (positive vs. negative). The disparity in these studies is probably attributed to different kinds of diseases, histological types of the same disease, the proportion of the usual population, and methods/instruments for the measurement of HE4 levels. Therefore, we sought a method to evaluate the diagnostic value (sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio) and prognostic value [OS, disease-free survival (DFS), and progression-free survival (PFS)] of HE4 in diverse diseases.

Umbrella reviews could find the disparity, analyze the reason, and summarize the information of a specific topic. In the umbrella review, the strength and credibility of associations can be assessed using standardized methods, such as evaluating bias or grading the evidence (27). Umbrella reviews can provide an overall examination of the role of HE4 in the diagnosis and prognosis of diseases, and compare and contrast the results of published systematic reviews. Hence, we conducted an umbrella review to consolidate the existing evidence to estimate the ability of HE4 in the diagnosis and prognosis of diverse diseases.



METHODS


Literature Search and Eligibility Criteria

We performed an umbrella review, which was the systematic collection and assessment of multiple systematic reviews and meta-analyses about the role of HE4 in the diagnosis and prognosis of diseases. The report of this umbrella review followed the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) group (28). Our protocol has been registered in PROSPERO (CRD42021284737). PubMed, Web of Science, and Embase databases were searched from inception to September 16, 2021, for related systematic reviews and meta-analyses. In addition, we hand-searched the reference lists of eligible articles to prevent omissions. The present search strategy used the following keywords: “(human epididymis 4 OR HE4 protein OR human epididymis secretory protein 4 OR wap 4-disulfide core domain proteins 2 OR whey acidic protein four disulfide core protein 2) AND (meta-analysis OR systematic overview OR systematic review)” (Supplementary Appendix 1).



Inclusion and Exclusion Criteria

Two authors (Sun ML and Li YZ) screened all records independently. Differences were resolved through consensus with the third author (Gong TT). The inclusion criteria were as follows: (1) published systematic reviews and the meta-analyses of observational studies in English; (2) articles assessing the role of HE4 in the diagnosis and prognosis of diseases; (3) studies providing critical data [diagnosis (sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio) and prognosis (PFS, DFS, OS, disease-specific survival, mortality, and progression/recurrence)]. This topic defined exposure as HE4 and outcome as the diagnosis and prognosis of diverse diseases. When two or more systematic reviews and meta-analyses examined the exact same exposures and outcomes, we included the larger or largest number of original studies to avoid duplicate assessments of the same topic (29).

We excluded articles if they met the following criteria: (1) narrative reviews, systematic reviews, and meta-analyses that involved fewer than three original studies; (2) articles that did not report necessary study-specific data (30–32); (3) studies exploring genetics or experiments in animals, in vitro, and in vivo; (4) full texts that were not available. For each eligible systematic review and meta-analyses, we collected all the exposure and outcome of the study we were interested in, such as subgroup analysis and dose-response analysis.



Data Extraction

Relevant data from each included systematic review and meta-analysis were extracted by two investigators (Sun ML and Li YZ) independently. The final decision was reached by a third investigator (Gong TT) when in case of discrepancies. From each eligible systematic review and meta-analysis, we recorded the first author name, publication year, journal, exposure, effect sizes, number of studies, and outcomes. For the information of the original diagnostic study, we further extracted the first author, publication year, cutoff value, case number, total population, and adjusted estimates (sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio). For the primary studies on prognosis, we extracted event numbers, total populations, comparisons, and effect size [hazard ratio (HR)]. If necessary, we would search for information from primary studies to find the missing data.



Evaluation of the Quality of Included Meta-Analyses

The quality of each eligible systematic review and meta-analyses was evaluated based on a measurement tool for evaluating systematic reviews and meta-analyses (AMSTAR) (33). The evaluations were performed independently by two researchers (Sun ML and Li YZ) and determined by a third researcher (Gong TT) when differences occurred. The AMSTAR tool is an 11-item questionnaire that asks reviewers to answer yes, no, cannot answer, or not applicable (33). If an item of the criteria is met with “yes,” one point will be awarded. The final total score of 11-items can measure the methodological quality of systematic reviews and meta-analyses. The AMSTAR score was graded as high (8–11), moderate (4–7), and low (0–3) quality (33).



Grading of the Evidence

We used the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) principles to evaluate the credibility of evidence from the eligible systematic reviews and meta-analyses (34–36). Each body of evidence was evaluated independently by two authors (Sun ML and Li YZ), and the third author (Gong TT) made the decision when differences arose. There were four levels of evidence through the GRADE tool: high, moderate, low, and very-low quality (37–40). For the studies of diagnostic test accuracy, a body of evidence begins with high certainty (34). Moreover, there was no sufficient guidance available on the application of the three GRADE criteria for upgrading evidence related to diagnostic test accuracy studies (35), thus we downgraded the evidence on the basis of prespecified criteria. The GRADE method proposes 5 factors rating down certainty in the evidence, such as the risk of bias, inconsistency, indirectness, imprecision, and publication bias (35, 41). Besides, for prognostic studies, the initial quality of evidence was high. We downgraded the quality of the evidence (risk of bias, inconsistency, indirectness, imprecision, and publication bias) and upgraded the quality (large effect, dose response, and plausible residual confounding) (41).




RESULTS


Study Selection

Overall, the search retrieved 270 articles from three databases (Figure 1). After the removal of duplicates, 163 articles were identified. Then after screening the titles and abstracts, 109 articles were excluded. Subsequently, a further 34 articles were excluded for the following reasons: 13 presented insufficient data, 6 did not conduct meta-analysis, 4 explored outcomes that we were not interested in, 4 published not in English, the full text of 3 articles were not available, 2 published duplicated reports, 1 explored exposure that we were not interested in, and 1 conducted less than three original studies. Ultimately, 20 studies (7, 8, 15, 19–22, 42–54) were eligible to be included in the main analysis.


[image: image]

FIGURE 1. A flowchart of a selection of studies for inclusion in an umbrella review on human epididymis protein 4 (HE4) and the diagnosis and prognosis of diseases.




Diagnostic Meta-Analysis

As reported in Table 1, 250 primary studies of 17 meta-analyses were included in the 16 articles for diagnosis (7, 15, 19–22, 42, 43, 45–50, 52, 53). These sixteen articles were published between 2012 and 2021. The studies enrolled in the meta-analyses were all diagnostic accuracy tests, and the median number of original studies per meta-analysis was 12 (range from 4 to 45). The number of participants ranged from 891 to 10,671, and the number of cases exceeded 1,000 in 10 meta-analyses. The median cutoff value of HE4 ranged from 19 to 82 pmol/L. HE4 had the highest diagnostic value in OC (48) with an area under the curve (AUC) of 0.96 [95% confidence interval (CI) = 0.95–0.98], and the lowest diagnostic value in EC (46) with an AUC of 0.75 (95% CI = 0.81–0.87). The numbers of meta-analysis evaluating the role of HE4 expression in the diagnosis of OC, EC, LC, EOC, and malignant pelvic mass were seven, five, three, one, and one, respectively. Furthermore, twelve and five meta-analyses systematically evaluated the quality of the included studies according to the Quality Assessment of Diagnostic Studies version 2 (QUADAS-2) tool and the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool, respectively.


TABLE 1. Main characteristics of the included systematic reviews or meta-analysis that evaluate the role of HE4 in the diagnosis of diseases.
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Prognostic Meta-Analysis

Table 2 showed the nine meta-analyses that involved 81 original studies in four articles for prognosis (8, 44, 51, 54). These 4 articles were published between 2017 and 2020. Each meta-analysis combined 3–23 original cohort study estimates, with a median of 8. The number of participants ranged from 484 to 3,564. The lowest number of events in the meta-analyses was 63 and the highest number was 1,051. The types of outcomes in these meta-analyses included EC, OC, LC, and gastric cancer (GC). Of the nine meta-analyses, four, two, and three meta-analyses assessed the association between HE4 expression and OS, DFS, and PFS, respectively. Among nine meta-analyses, only four conducted the quality assessment for individual studies by the Newcastle-Ottawa Quality Assessment Scale (NOS).


TABLE 2. Main characteristics of the included systematic reviews or meta-analysis that evaluate the role of HE4 in the prognosis of diseases.
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The Methodological Quality of the Meta-Analyses

Among the 20 articles (both for diagnosis and prognosis) included in our umbrella review, 11 (55%) articles were rated as high quality and nine (45%) were defined as a moderate quality based on the AMSTAR criteria (Supplementary Figure 1). The common flaws were that gray literature was not considered in the literature search (85%), and the list of excluded studies was not presented (100%).



Grading of Evidence

In total, eighteen and four pieces of evidence met the conditions of the GRADE, which were from nine diagnostic articles (7, 15, 20, 21, 42, 43, 48, 52, 53) and two prognostic articles (8, 44), respectively. Due to the lack of the quality of assessment and bias publication, eighteen pieces of evidence were eventually evaluated by the GRADE assessment (Table 3). No evidence in diagnosis was rated as high evidence, whereas six of the pieces of evidence were supported by moderate. In addition, six pieces of evidence presented low evidence, and the others were supported by very-low evidence.


TABLE 3. The results of GRADE assessment of the evidence certainty on the association between the diagnostic accuracy of HE4 and diverse diseases.
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Only four pieces of evidence were graded by GRADE in the umbrella review, and only one association between HE4 expression and DFS was supported by high evidence (Table 4). Moreover, the association between HE4 and PFS/OS presented moderate evidence (n = 3). There was no association indicating low or very-low evidence.


TABLE 4. The results of GRADE assessment of the evidence certainty on the association between HE4 and diverse diseases in prognosis.
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DISCUSSION


Principal Findings

In this umbrella review, we provided an overview of the role of HE4 in the diagnosis and prognosis of diverse diseases using the AMSTAR tool and GRADE guidelines. In the study exploring the diagnostic role of HE4, six associations (outcomes of OC, EC, and LC) were supported by moderate evidence, and all of them had serious limitations of inconsistency in the evaluation by GRADE guideline. For the prognostic studies, there was only one evidence of HE4 performing its action in the clinical setting as a suitable biomarker with high certainty while the remaining three associations were moderate. The key findings echo the scientific question we raised at the outset of the present study, whether HE4 could be a useful biomarker for disease diagnosis and prognosis.



Explanation Findings From Prognostic Meta-Analyses

According to the criteria of the GRADE guideline, there was one high-quality evidence, Dai et al. (44) conducted a meta-analysis and reported that the HE4 level can provide a useful prognostic biomarker (only for DFS) for patients with cancers (987 patients with EC, 211 patients with LC, and 98 patients with OC). The prognostic effect of HE4 on the disease was mainly focused on OC, but a systematic review suggested that the prognostic role of HE4 in other types of cancers needed more endeavor than before (55). Previous articles or meta-analyses suggested that OC (23, 56), EC (57), LC (58), and GC (59) patients with a high concentration of HE4 have shorter survival or more likely metastasis than those with low concentrations. However, to the best of our knowledge, our umbrella review is the first to present the evidence from previous systematic reviews and meta-analyses regarding the roles of HE4 in the diagnosis and prognosis of diverse diseases. Besides, we found that the prognosis had a higher quality level of evidence than the diagnosis. Of note, the risk of bias was the main reason for the discrepancy in overall certainty between diagnosis and prognosis. We inferred that the QUADAS/QUADAS-2 scale used for diagnosis was more rigorous than the NOS scale used for prognosis study (most included cohort studies). However, considering the different stages of different study designs, we suggested the following framework of Whiting when conducting a quality assessment (60).

In addition, the meta-analysis conducted by Dai et al. provided three different pieces of evidence (high certainty evidence for DFS, moderate certainty evidence for OS and PFS). One possible explanation for the lower certainty evidence for OS and PFS is that they both have publication bias. Publication bias was an important factor leading to different quality levels measured by GRADE guidelines, and asymmetry of funnel plots was found in these two pieces of evidence from the same meta-analysis (44), which may arise from the low possibility of publication for studies with negative results. We graded the quality of evidence for the prognostic effect of HE4 only in LC as moderate (downgraded for inconsistency, I2 is 81%) The heterogeneity could be explained by ethnicity. Zhong et al. concluded that HE4 was associated with OS only in Asian populations but not in Caucasian patients (8).



Explanation Findings From the Diagnostic Meta-Analysis

Our study found that HE4 played a potential role in the diagnosis of OC (20, 48, 52, 53) that was consistent with previous meta-analyses (9, 61). For example, the article reported a high pooled specificity (92%) for HE4, and the AUC of HE4 was higher than that of CA125, with values of 0.89 and 0.85, respectively (61). Besides, Ferraro et al. conducted a study and showed a similar result, and they found HE4 seems to be superior to CA125 in the terms of diagnostic performance (diagnostic sensitivity, specificity, positive likelihood ratios, and negative likelihood ratios) of patients with OC (20). There was sufficient evidence for HE4 is overexpressed in OC, which can reinforce the confidence of our result. The increased level of HE4 can help to improve the specificity for the diagnosis of OC. Dochez et al. reported a specificity of 90.4% for HE4, and the AUC was higher than CA125 alone, with the values of 0.91 and 0.83, respectively (62). Additionally, a study including 762 Korean patients showed that HE4 could be used for differentiating benign gynecological diseases and OC (9). The potential regulatory mechanism of HE4 in the cancer invasion and metastasis of OC could be attributed to the activation of MAPK and FOCAL signaling pathways (63). HE4 participates in the metastasis of OC by regulating the expression of extracellular matrix components, such as LAMC2 and LAMB3 (64).

Of all the certainties of evidence for the association, 50% was very low. We evaluated the quality of evidence on OC through GRADE, and most pieces of evidence were downgraded because of inconsistency (I2 > 50%), risk of bias (20, 48, 52), and publication bias (20, 48). Specifically, some meta-analyses had a high risk of bias for patient selection, index test (52), and reference standards (48). The difference between these two studies (48, 52) may be attributed to the number of publications (7 vs. 31) and sample type (urine vs. serum). Moreover, the methodological quality of six published meta-analyses by the AMSTAR was moderate, whereas for the remaining three meta-analyses, the methodological quality high. All these nine meta-analyses did not pay attention to the status of publication, such as searching gray literature, which included all languages or screening the references of the included articles. Considering that the gray literature in the search strategy and inclusion criteria can help to reduce the publication bias (65), we encouraged the authors of systematic analysis to search the gray literature.

In addition, the present umbrella review demonstrated that HE4 could play a probable role in the diagnosis of EC, and our results were in line with the previous systematic review and meta-analysis (21, 32). For example, the meta-analysis identified 12 articles dealing with HE4 and the diagnosis of EC and found that the sensitivity of 0.71 (95% CI: 0.56–0.82) and specificity of 0.87 (95% CI: 0.80–0.92) (21). Besides, one meta-analysis stated that HE4 is generally a better biomarker than CA125 in EC diagnosis by its higher sensitivity than CA125, and the author suggested that the combination of CA125 and HE4 may enhance the diagnostic sensitivity for patients with EC (43). Besides, the serum HE4 level in patients with EC was enhanced compared with that in benign patients (57, 66). The overexpression of HE4 was associated with cell proliferation, colony formation in soft agar, and the Matrigel invasion of EC cells (67). In addition, the level of HE4 was correlated with the depth of myometrial invasion, which was an important factor in the risk stratification or metastasis of EC (68).

Using GRADE guidelines, the six pieces of evidence from three meta-analyses were all downgraded by one level for inconsistency. The heterogeneity in most meta-analyses may be attributed to the population, intervention, controls, study design, threshold bias, and publication country (21, 50). Of note, we evaluated the indirectness using the test method for HE4 level [electrochemiluminescence (ECLIA) vs. ELISA] (69). Among the eight primary studies included in the meta-analysis (43), three studies used ELISA (26, 70, 71), whereas one study tested the HE4 level by ECLIA (72). Therefore, an indirectness of evidence existed. Moreover, the proportion of high methodological quality of meta-analyses evaluated by the AMSTAR was approximately 50% (3/6). All six meta-analyses did not show a study list of inclusion and exclusion, through which other scientists could repeat the study and confirm the authenticity of these results. Therefore, we encouraged the authors of meta-analyses to provide not only a list of included studies but also an exclusion study list.

We observed that the high expression of HE4 was associated with LC. However, the diagnostic effect of HE4 on LC has been limited. There were some results from other studies consistent with our conclusion (8, 42, 73). For example, an original study found that serum HE4 levels in patients with any histological type of LC (adenocarcinoma, squamous cell carcinoma, large cell carcinoma, and small cell lung carcinoma) were significantly increased compared with those in the control group (73). Thus, the overexpression of HE4 suggested a scientific basis for its potential diagnostic ability in LC. In addition, Cheng et al. conducted a meta-analysis of seven studies and found that the AUC was 0.856 for HE4 for patients with LC (42). In contrast, an original study found that the association between squamous cells LC was weak at 10% (74). The exact biological mechanisms of HE4 expression in LC were limited. One possible explanation was the effect of smoking, which may be correlated with lung chronic inflammation and HE4 levels (14, 75).

For diagnostic studies, the pieces of evidence (sensitivity and specificity) from a meta-analysis were both downgraded for the risk of bias (15). The methodological quality of most primary studies in the meta-analysis (15) was low using QUADAS-2, especially in the patient selection domain (5/21 were high risk, 3/21 were low risk with the remaining were unclear risk of bias). In the evaluation of LC by the AMSTAR, 75% of the meta-analyses exploring the function of HE4 in LC have high methodological quality. Remarkably, none of those meta-analyses display a CRD number that was registered on PROSPERO. Considering the advantages of prospective registration, such as study design, conduct procedure, and report results (76), we encouraged the author of meta-analyses to register before conducting a new project.



Study Strengths

For strengths, to our knowledge, this is the first umbrella review to provide the most comprehensive critical appraisal of previously published systematic reviews and meta-analyses about the role of HE4 in the diagnosis and prognosis of diverse diseases. The methodological quality of the included systematic reviews and meta-analyses and the strength and credibility of associations were assessed by a unified method. At first, umbrella review is the review of existing systematic reviews and meta-analyses (27). Compared with an individual systematic review and/or meta-analysis, an umbrella review has a higher level of evidence, which can better promote clinical practice. Second, the quality of the included meta-analyses was moderate or high, which was evaluated by the AMSTAR tool. Articles in our umbrella review were partially or almost fully consistent with the standards of methodological quality, thereby suggesting the outcome of the role of HE4 in the diagnosis and prognosis of diseases with a high degree of credibility.



Study Limitations

However, several caveats should be considered. For the present umbrella reviews, we only included the most recently published original studies, systematic reviews, and meta-analyses. First, meta-analyses published after our study and had yet to be assessed through meta-analyses will have an impact on our results. This limitation is shared by all umbrella reviews addressing clinical research. Second, the quality of this umbrella review depends on the quality of the articles included in the study. Some factors may have affected the strength and validity of evidence in meta-analyses, such as study design, sample size, and adjustment for confounders. For the original studies, the methods for assessing HE4 and the sample source were inconsistent, which might increase the risk of bias. However, we have assessed included meta-analyses by the AMSTAR tool to ensure their quality. After evaluation, the methodological quality was high or moderate. Third, the number of meta-analyses included in the umbrella review is limited, especially only four pieces of evidence from the prognostic meta-analysis. Given this limitation, we need to interpret the results of the present study with caution. Fourth, some studies failed to meet the requirements of the GRADE and cannot be evaluated. We did not reanalyze all the data, and the data were extracted from the original literature. Therefore, we encourage the remaining authors of the secondary study to comply with the protocol (28). Finally, most of the evidence from diagnosis and prognosis assessed by GRADE is moderate, low, and very low, and only one association was rated as high. It is important for us to interpret the results with caution. The low- and very low-quality evidence of the association between the role of HE4 in the diagnosis and the prognosis of diseases could only provide direction for future study.




CONCLUSION

In summary, the high certainty evidence of HE4 was present for its prognostic role in cancers. HE4 could provide a suitable method for the diagnosis of diseases with moderate certainty evidence. We suggested that clinicians could use HE4 as a biomarker related to the diagnosis and prognosis of EC, OC, and LC in clinical work, so as to improve the understanding of disease diagnosis, efficacy, recurrence, outcome, and prognosis of patients. Considering that other diseases remain uncertain and inadequate, further studies are needed to better elucidate the diagnostic and prognostic role of HE4 in the future.
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Objective: To evaluate whether the intrauterine perfusion of platelet-rich plasma (PRP) before frozen-thawed embryo transfer (FET) improves the pregnancy outcomes of patients with repeated implantation failure (RIF).

Methods: This retrospective study included 288 infertile women with RIF after undergoing in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI) treatment from October 1, 2019, to January 1, 2021, at Qingdao Women and Children's Hospital. Patients were divided into two groups according to whether they received PRP intrauterine perfusion before embryo transfer in FET cycles. 138 women were in the PRP group, 150 women were in the control group. The primary outcome measure was live birth rates and the secondary outcome were clinical pregnancy, positive β hCG, miscarriage and implantation rates.

Results: No significant differences in baseline demographic and clinical characteristics were observed between the two groups. Overall, significantly more women in the PRP group than in the control group achieved a live birth rate (41 women; 29.71% vs. 27 women; 18%) and a clinical pregnancy (50 women; 36.23% vs. 37 women; 24.67%). The PRP group had a higher implantation rate and lower spontaneous miscarriage rate than the control group, but these differences were not statistically significant. No pregnancy outcome difference between two groups in PCOS patients with RIF.

Conclusion: Our results showed that intrauterine perfusion of PRP before embryo transfer in FET cycles can significantly increase the live birth and clinical pregnancy rates in patients with RIF.

Keywords: platelet-rich plasma (PRP), frozen-thawed embryo transfer (FET), intrauterine perfusion, live birth rate, clinical pregnancy rate (CPR)


INTRODUCTION

In the context of in vitro fertilization-embryo transfer (IVF-ET), RIF refers to patients for whom implantation fails after repeated transfers of morphologically good-quality embryos into a normal uterus (1). Despite great progress in the application of IVF-ET to infertile couples, recurrent implantation failure (RIF) following embryo transfer (ET) continues to be a major problem affecting about 10% of women causing great psychological and economic burden to individuals and their families (2, 3), New strategies to improve the pregnancy likelihoods are urgently needed for these patients.

The successful implantation depends on embryo quality and endometrial receptivity. Endometrial receptivity is a complex process that involves the participation of and regulation by many molecules, including cytokines, growth factors, adhesion molecules, and cytoskeletal proteins, among other factors (4). Patients with RIF are in most due to endometrial receptivity disorders. numerous studies have investigated ways to improve endometrial receptivity, and the methods examined have included low-dose aspirin therapy, intrauterine infusion of human chorionic gonadotrophin (HCG) or colony cell-stimulating factor (CSF), endometrial injury and so like (5–8), however, the optimal technique remains unclear.

PRP is an autologous blood-derived concentrate of platelets from peripheral blood with a considerable concentration of growth factors and cytokines. Since its introduction in 1970, PRP has been widely used as a form of regenerative treatment in multiple medical fields, such as sports medicine, maxillofacial surgery and cosmetology. Studies in recent years have shown great promise in reproduction fields. Many studies have demonstrated that autologous PRP can regenerate and thicken the thin endometrium and decrease the likelihood of implantation failure leading to good pregnancy outcomes (9–11), however the patient's heterogeneity and small sample size of the subjects led to different research results, therefore this research analyzed the use of PRP before embryo transfer in RIF patients of frozen thawed cycles and its efficacy in this population.



MATERIALS AND METHODS


Study Design

This retrospective study was carried at reproductive center of Qingdao Women and Children's Hospital. We retrospectively analyzed the records of 410 patients with history of RIF underwent FET in Qingdao Women and Children's Hospital from October 1, 2019, to January 1, 2021. 138 patients (screened from 168 patients) who received PRP intrauterine perfusion before embryo transfer in frozen thawed cycles were collected, 150 patients (screened from 242 patients) with history of RIF did not receive PRP intrauterine perfusion as the control group. We excluded 122 patients who did not meet the criteria and had incomplete data. No repeat treatment cycle for all patients. Clinicians and this PRP intrauterine treatment study were authorized by the ethics committee of Qingdao Women and Children's Hospital. Informed consent was obtained from all patients with PRP intrauterine perfusion on endometrial transformation day, follow-up was complete in all patients.



Patient Enrolment Criteria

Patients aged 23 to 40 years who had three or more consecutive failed embryo implantations with good-quality embryos (at least 6 cleavage-stage embryos or three blastocysts) were included in the study (12). The exclusion criteria were an abnormal karyotype from either partner, evidence of uterine defects, ultrasonographic evidence of hydrosalpinx, infections, endocrine problems, coagulation defects or autoimmune defects.

Endometrial preparation for frozen-thawed cycle included hormone replacement treatment (HRT) protocol (estrogen-progesterone cycle, EP) and natural cycle (NC). PRP intrauterine perfusion was performed 48–72 h before embryo transfer. One or two good quality embryos were transferred. The rates of live birth, clinical pregnancy, positive-hCG, miscarriages and implantation will be assessed. Serum β-hCG was measured 14 days after embryo transfer and was considered positive for β- hCG level ≥ 5IU. Clinical pregnancy was confirmed by transvaginal ultrasonography 30 days after embryo transfer.



Plate-Rich Plasma Preparation and Intrauterine Perfusion

Twenty milliliters of peripheral blood were collected from each patient and centrifuged at 500 × g for 10 min at 18°C. After centrifugation, three layers were visible, namely, the serum, platelets and red blood cells. The serum and platelets were transferred to another tube and centrifuged at 500 × g for another 10 min at 18°C. The supernatant was discarded, the remaining 1 mL PRP was infused into the uterine cavity using artificial insemination catheter 2 days before embryo transfer (13). The mean number of platelets in PRP was 1513.45 ± 322.18 × 109/L (Automated Hematology Analyzer sysmex xs-500i, Sysmex Corporation, Kobe, Japan). All perfusions were prepared and performed by a single operator.



Statistical Analysis

All statistical analyses were performed using SPSS 22.0 software (IBM Corp., Armonk, NY, USA). Student's t-test was used for comparisons of continuous variables between the groups. The chi-squared test or Fisher's exact test, where appropriate, was used for comparisons of categorical variables. The results are presented as the mean ± standard deviation (SD). Statistical significance was set at a probability (P) value < 0.05.




RESULTS

A total of 288 patients with an RIF history were included in this study; 138 patients undergoing intrauterine PRP perfusion before embryo transfer in frozen-thawed cycles were included in the PRP group, and the remaining 150 women who were not undergoing PRP perfusion were included in the control group. The mean age was 35.7 ± 4.6 years, the mean duration of infertility was 7.8 ± 3.7 years and the mean number of history embryo transfer cycles was 3.72 ± 1.09 and the control was 3.67 ± 0.98. No local or systemic side effects relating to the use of PRP perfusion were reported (Table 1).


Table 1. Baseline characteristics of the participants with RIF patients.

[image: Table 1]

Regarding the patients' baseline demographic characteristics, we found no differences between the two groups in age, body mass index (BMI), duration of infertility, number of history cycles transferred or infertility diagnosis between the two groups. There were also no differences in cycle characteristics, such as endometrial thickness, number of days embryo transfer, or number of blastocysts or cleavage-stage embryos transferred between the two groups (Table 2).


Table 2. Clinical characteristics of the participants with RIF patients.
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To evaluate whether PRP improves the reproductive outcomes of patients with RIF, we first calculated the live birth rates and the clinical pregnancy rates in two groups. In our study, there were 41 live birth in the PRP intrauterine perfusion group (41/138) and 27 in the control group (27/150), the live birth rate was significantly higher in the PRP group (29.71%) than in the control group 18% (P < 0.01). Additionally, the clinical pregnancy rate was also higher in the PRP group 36.23% than in the control group 24.67% (P = 0.040). Further analysis of the secondary outcomes showed that the Positive β hCG rates is significantly higher in PRP group 44.93% (62/138) than the control group 28.66% (P < 0.01). None of other secondary outcome indices were significantly different between the two groups, that the implantation rates were 27.18% and 17.62% (P = 0.067), respectively; that the biochemical pregnancy rates were 7.97% and 6.675 (P = 0.156), respectively; and that the miscarriage rates were 18.0% and 27.03% (P = 0.454), respectively (Table 2). There is also no in clinical pregnancy and live birth rate difference between PRP group and control group in RIF PCOS patients (Table 2).



DISCUSSION

This retrospective cohort study was performed to evaluate the pregnancy outcomes of RIF patients who underwent PRP intrauterine perfusion before embryo transfer and compare these results to a cohort of RIF patients who were not treated with PRP. We found there is significant different in live birth and clinical pregnancy rates, we have also found there is significantly different in positive β-hCG rates, no significantly difference were found in the implantation rates and miscarriages.

Yajie Chang, Sunita R, Tandulwadkar, and Eftekhar have demonstrated that autologous PRP intrauterine perfusion could expanded the thin endometrium and increase the clinical pregnancy and implantation rates in FET cycles (15–17), they think that PRP could regenerate and improve the endometrium receptivity leading to good pregnancy outcomes. Hakan Coksuer also found that PRP intrauterine perfusion could thicken the endometrium leading to good endometrial lining and optimal pregnancy outcomes in RIF patients (18). Xiaohan Wang and colleagues found that PRP significantly stimulated the growth, migration and adhesion of endometrial mesenchymal stem cells, these effects are probably because it contains or stimulates several growth factors such as transforming growth factor, Platelet-derived growth factor, vascular endothelial growth factor, insulin like growth factor, epithelial growth factor and bioactive-cytokines (14). However, these majority of studies had small sample cases, most less than 50 patients and almost all fewer than 100 patients. the live birth rate was not reported in most studies. Our study is relatively larger sample size of 238 patients, we found no difference in endometrium thickness between groups, the live birth rate, clinical pregnancy, positive β-HCG rates are higher than the control group, the results are consistent with the literature. We think those biological factors may acts in most by improving and triggering endometrial receptivity through the improvement of cell proliferation, vascularization, anti-inflammatory properties, rather than expanded endometrial growth.

However, contradictory views on the usefulness of PRP perfusion treatment in IVF reproductive medicine persists. Tehraninejad and Allahveisi found that the pregnancy outcomes, namely, the clinical and ongoing pregnancy rates, live birth rates were similar between the PRP intrauterine infusion group and the control group in RIF patients of FET cycles (10, 11). The reason for the inconsistency between our results and those of others might be attributable to the different subject cohorts, different definitions of RIF and wide variety of PRP preparation protocols. The PRP in our study contains leukocytes in addition to the platelets and plasma, it is categorized as leucocyte-poor PRP, not pure PRP. leukocytes might be also a source of several growth factors and cytokines (19). The concentrations of platelets and leukocytes obtained in PRP preparation depending on how the blood sample was treated, which may in turn impact the amount of various types of growth factors playing a key part in the treatment.

To date, only a few RCT studies on intrauterine infusion of PRP have been performed in the reproductive field. Eftekhar and Nazari suggested that PRP could expand the thin endometrium and improve clinical pregnancy outcomes (17, 20), while Allahveisi's study concluded that intrauterine infusion of PRP did not improve pregnancy outcomes in patients with recurrent implantation failure (11). Design of placebo in the control group was inconsistent across studies. The intrauterine perfusion of PRP is associated with the potential effect of the endometrial injury, is it possible the beneficial effect is due to the endometrial injury of the catheter? So we should design studies carefully, especially RCTs, larger scales, the standard PRP preparation procedure and the strict indication of the PRP treatment should be all considered.

Another notable point is that PRP intrauterine perfusion did not improve pregnancy outcomes in RIF PCOS patients. There is no significant difference between the two groups. This might be caused by the small sample size in this study. Besides, PCOS is a special group where obesity, insulin resistance, abnormal glucose metabolism and metabolic syndrome may alter the competence of oocytes, embryos and endometrium (21). Palomba's comprehensive review shows that among several interventions to improve endometrial receptivity in women with PCOS, only lifestyle modification, metformin and bariatric surgery have the scientific evidence for clinical benefit (22).

The strength of this study is that we included a large sample of RIF patients with the PRP intervention before embryo transfer in our reproductive center, which allows us to draw a conclusion on the efficacy of this strategy. The main drawback of this study was retrospective and its non-randomized design. The findings provide evidence for future randomized, controlled trials with large sample size in this field. One further prospective and high-quality randomized controlled trial is ongoing in our center to identify subpopulations that would benefit most from PRP therapy.

In summary, we analyzed the effect of intrauterine PRP treatment before embryo transfer in patients with RIF and found that the PRP intervention improved the live birth rate and clinical pregnancy rate.
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Objective: To determine whether the indication of intrauterine balloon tamponade (IUBT) was associated with postpartum hemorrhage (PPH) outcomes.

Methods: Patients with PPH who underwent IUBT between January 2013 and November 2021 were included in a cohort study. PPH outcomes in patients who had IUBT for indications of uterine atony were compared to those who had IUBT for indications of placental site bleeding. PPH outcomes included uterine artery embolization (UAE) or hysterectomy after IUBT, estimated blood loss (EBL) after balloon placement, and blood transfusion. Statistical analysis was performed using multivariate logistic regression.

Results: IUBT was performed on 603 cases, with 121 (20.1%) undergoing it for placental site bleeding and 482 (79.9%) for uterine atony. In general, IUBT was a reliable treatment for PPH, but the specific efficacy varied depending on the indication for placement. After controlling for confounding variables, compared to the indication of uterine atony, the indication of placental site bleeding increased the risk of transfusion of ≥4 units of PRBCs (aOR 2.47, 95%CI 1.32–3.98), EBL ≥ 300 ml after IUBT (aOR 3.78, 95%CI 2.22–5.33), and UAE or hysterectomy (aOR 2.52, 95%CI 1.20–6.01), respectively. Other factors associated with adverse PPH outcomes were lower antenatal hemoglobin, higher IUBT volume, longer duration of IUBT and larger shock index values.

Conclusions: IUBT was less effective in treating PPH patients with indications of placental site bleeding than with indications of uterine atony. Follow-up monitoring of PPH patients with placental site bleeding should be intensified.

Keywords: postpartum hemorrhage, placental site bleeding, uterine atony, intrauterine balloon tamponade, blood transfusion, estimated blood loss, uterine artery embolization, hysterectomy


INTRODUCTION

Postpartum hemorrhage (PPH) remains the primary source of maternal morbidity and mortality worldwide, accounting for nearly a third of all maternal deaths (1, 2). The number of elderly pregnant women and parous women in China has increased dramatically since the implementation of the two-child policy in 2005 (3). Accordingly, the proportion of patients with PPH has also increased, which poses a great challenge for postpartum management (4).

PPH requires multistep treatment. Invasive second-line management, such as intrauterine suture, uterine artery embolization (UAE), and uterine vessel ligation, may be attempted after a first-line treatment, such as uterotonics, has failed (5, 6). If none of these options is viable, a hysterectomy can be performed as a life-saving procedure (7). However, the adverse effects on fertility associated with invasive procedures and hysterectomy prevent their use from being the preferred method.

Intrauterine balloon tamponade (IUBT) was first used to treat PPH by Bakri et al. (8) in 1992, and numerous studies have confirmed the efficacy of IUBT in treating PPH while avoiding the problem of reduced fertility due to invasive procedures (9–11). Despite its widespread use today, IUBT is still largely empirical and devoid of standardization. Specifically, to the best of the authors' knowledge, the relationship between IUBT placement indications and PPH–related outcomes remains unidentified.

Thus, we examined up to 9 years of total cases at the institution to investigate the effect of different IUBT indications on PPH outcomes as well as other factors associated with PPH outcomes. We hypothesized that women with IUBT indications of placental site bleeding would have worse PPH outcomes than women with IUBT indications of uterine atony.



MATERIALS AND METHODS


Study Design and Patients

This is a cohort study conducted at the International Peace Maternal and Child Health Hospital (IPMCH), affiliated with Shanghai Jiao Tong University. The clinical data of all women who had IUBT for severe PPH at the institution between January 2013 and November 2021 were analyzed retrospectively. According to the International Federation of Gynecology and Obstetrics (FIGO) guidelines, a total estimated blood loss (EBL) ≥ 1,000 ml was defined as severe PPH, with specific values recorded in the critical care record form of the hospital electronic medical record. IUBT is the main option for the rescue of refractory postpartum hemorrhage (ineffectiveness of combined uterine massage with uterotonics) in the study institution. Intrauterine suture or B-Lynch suture may have been performed to stop bleeding prior to IUBT for cesarean delivery. The indications for IUBT are determined by the obstetrician and include uterine atony and placental site bleeding. If the obstetrician documented the indication as uterine atony or if the medical record described the cause of bleeding as softness of the lower uterine segment or softness of the uterine global, the main indication was defined as uterine atony. If the documented indication was placental site bleeding, or if the main description in the medical record was about placental abnormalities (placental invasion, or placenta residue), or if the bleeding point was clearly indicated to be located in the placental bed, the main indication was defined as placental site bleeding.

We created a subset cohort of eligible women who performed IUBT based on the following exclusion criteria: underwent IUBT due to placental site bleeding combined with uterine atony, IUBT was inserted when PPH < 1,000 ml, and performed prophylactic IUBT due to high-risk delivery factors (e.g., central placenta previa, coagulation disorders, uterine malformation, etc.).



IUBT Placement and Removal

The IUBT device used in the institution was the Bakri balloon (Bakri Medical, Bloomington, USA). According to the cervical opening, the IUBT balloon was inserted through the cesarean incision or vagina. When the IUBT balloon was inserted through the cesarean incision, a volume of saline was first flushed in based on the operator's estimated size of the uterine cavity to prevent dislodgement during the operation. After suturing the incision, saline was flushed again in under ultrasound guidance until the blood flow through the device catheter was reduced significantly. When the IUBT balloon was inserted through the vagina, a one-time flush of saline is applied to the balloon if the ultrasound observes that the balloon is in the correct position. After the operation, a large piece of gauze approximately 10 cm wide was filled into the vagina to prevent the balloon from falling out of its normal position. The time of IUBT placement and the total volume of saline flushed into the balloon are recorded. After IUBT, the patients were monitored in the monitoring ward for a period of time, which included blood pressure, heart rate, and other vital signs, as well as assessment of ongoing blood loss. The duration of IUBT was decided by the physician based on the patient's condition and EBL and usually takes no more than 24 h. Prior to the IUBT balloon removal, 20 U of oxytocin was administered intravenously. During the procedure, 50 mL of saline was withdrawn from the IUBT balloon every 15 min with assisted uterine massage, and the balloon and vaginal gauze were withdrawn if there was no active bleeding.



Data Collection

All study data was obtained from electronic cases. Demographic and obstetric data included maternal age at delivery (years), pre-pregnancy BMI (kg/m2), nulliparous (yes, no), multiple gestation (yes, no), premature birth (yes, no), induction of labor (yes, no), history of PPH (yes, no), antenatal hemoglobin (g/dl), delivery mode (cesarean, vaginal). IUBT-related data included: surgical hemostasis before IUBT (none, intrauterine suture, B-Lynch suture), uterotonics before IUBT (0 or 1, ≥2), time from birth to IUBT (min), IUBT volume (<250, 250–349, ≥350 ml), duration of IUBT (hours), postpartum shock index (SI; calculated as the ratio of heart rate to systolic blood pressure) (<1, 1–1.4, ≥1.5).



Outcomes

PPH outcomes included UAE or hysterectomy, EBL ≥ 300 ml after IUBT, and transfusion of ≥4 units of packed red blood cells (PRBCs). Intrauterine suture and B-Lynch suture were not included, as these measures may have been used before IUBT. UAE implemented prior to IUBT is not counted. The output from the IUBT device itself, the weight of disposable pads and drapes, and the number of blood-soaked sponges were all used to calculate EBL after IUBT. All caregivers of PPH patients have been trained in standardized bleeding estimation.



Statistical Methods

Distributions of maternal demographic, obstetric, and IUBT-related data were shown as numbers (percentages) or mean ± SD or median and interquartile range. The chi-square test was used to compare categorical variables and the independent sample t-tests or Mann-Whitney U-tests were used to compare continuous variables. Crude ratios (OR) and 95% confidence intervals were calculated for all factors studied in the analysis. Univariate and multivariate logistic regression analyses were performed to identify independent prognostic factors for each PPH outcome. We examined potential confounders for multivariate modes based on a literature review and included factors from univariate analysis with p-values < 0.20. The following variables were included in the multivariate logistic regression analysis: maternal age, multiple gestation, antenatal hemoglobin, delivery mode, time from birth to IUBT, IUBT volume, duration of IUBT, postpartum SI.

All data was processed using SPSS 25.0 (Windows, IBM, Armonk, NY, USA). Statistical significance was defined as p-values < 0.05.



Ethics

The protocol was approved by the IPMCH Ethics Committee and the requirement for informed consent was waived (GKLW 2021–55). Since our study is a retrospective cohort study, clinical trial registration is not required. All procedures followed were carried out in accordance with the Helsinki Declaration's ethical standards.




RESULTS

During the study time frame (9 years), a total of 134,780 deliveries were performed at our institution, including 742 women with IUBT for PPH, of which 139 were excluded. Finally, 603 women were included in the study, with 482 (79.9%) having uterine atony as the main indication and 121 (20.1%) having placental site bleeding as the main indication (Figure 1). During the study period, there were 18 women with PPH ≥ 3,000 ml, 10 of whom had uterus hysterectomy, and there were no maternal deaths due to PPH or related complications.


[image: Figure 1]
FIGURE 1. Flowchart. IUBT, intrauterine balloon tamponade; PPH, postpartum hemorrhage; UAE, uterine artery embolization.


Maternal demographics, obstetric baseline, and IUBT-related data are presented in Table 1. Compared with the group with uterine atony, the group with placental site bleeding had a greater proportion of parous women (57.9 vs. 42.9%, p = 0.004) and premature births (14.9 vs. 6.0%, p = 0.002), but the rate of induction of labor was relatively low (20.7 vs. 40.5%, p < 0.002). The proportion of two or more uterotonics applied was higher in the group with uterine atony compared with the group with placental site bleeding (91.5 vs. 82.6%, p = 0.009). No significant differences were seen in the maternal age, pre-pregnancy BMI, multiple gestation, history of PPH, antenatal hemoglobin, delivery mode, surgical hemostatic before IUBT, time from birth to IUBT, IUBT volume, duration of IUBT, or postpartum SI between the two groups (both p ≥ 0.05).


Table 1. Demographic, obstetric, and IUBT-related data were grouped according to IUBT indications.
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Univariate analysis was performed with IUBT indication as a covariate and PPH outcomes as a dependent variable. The incidence of transfusion ≥ 4 units of PRBCs was significantly higher in the group with placental site bleeding than in the group with uterine atony (34.7 vs. 16.8%, p < 0.001). Similar results were observed for EBL ≥ 300 ml after IUBT (43.8 vs. 20.0%, p < 0.001) and UAE or hysterectomy (8.3 vs. 3.5%, p = 0.029) (Table 2).


Table 2. Outcomes of women with PPH treated by IUBT due to uterine atony or placental site bleeding.
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Adjusting for confounding factors by multivariate logistic regression analysis, in general, PPH outcomes were worse in those who underwent IUBT for placental site bleeding. Placental site bleeding increased the risk of transfusion ≥ 4 units of PRBCs (aOR 2.47, 95% CI 1.32–3.98), EBL ≥ 300 ml after IUBT (aOR 3.78, 95% CI 2.22–5.33), and UAE or hysterectomy (aOR 2.52, 95% CI 1.20–6.01) when compared to uterine atony. The higher antenatal hemoglobin values were negatively correlated with the incidence of transfusion ≥ 4 units of PRBCs (aOR 0.60, 95% CI 0.41–0.83) and UAE or hysterectomy (aOR 0.71, 95% CI 0.32–0.90). Different cut-off values were used to stratify the IUBT volume. We observed that the risk of transfusion ≥ 4 units of PRBCs (aOR 3.43, 95%CI 1.76–6.52) and EBL ≥ 300 ml (aOR 2.32, 95%CI 1.27–3.98) was significantly increased when IUBT volume ≥ 350 ml. Interestingly, as the prolonged duration of IUBT increased, the risk of EBL ≥ 300 ml was significantly increased (aOR 1.27, 95%CI 1.04–1.62). As in clinical practice, an SI value ≥ 1.5 was significantly associated with an increased risk of transfusion ≥ 4 units of PRBCs (aOR 3.43, 95%CI 1.76–6.52) and UAE or hysterectomy (aOR 2.29, 95%CI 1.06–4.14) (Tables 3–5).


Table 3. Risk factors for the prevalence of transfusion ≥ 4 units of PRBCs.
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Table 4. Risk factors for the prevalence of EBL ≥ 300 ml after IUBT.

[image: Table 4]


Table 5. Risk factors for the prevalence of UAE or hysterectomy.
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DISCUSSION


Main Findings

This retrospective cohort study demonstrated that the therapeutic effect of IUBT for severe PPH was not the same for different indications. We also found a significant association between antenatal hemoglobin, IUBT volume, duration of IUBT, postpartum SI, and PPH outcomes.



Interpretation

We found that in PPH patients, IUBT performed in the placental site bleeding group was more likely to have adverse PPH outcomes compared to the uterine atony group. Although IUBT was originally proposed by Bakri to be used in PPH patients with placenta previa or low-lying placenta (8), the sample size was only 5, and the study efficacy was limited. Previous studies have shown that placenta accreta spectrum (PAS) was negatively associated with the success of IUBT (12, 13). According to Liu et al. (14), IUBT was only 54.8% successful in cases with previa abnormalities. Our study indicates that perhaps IUBT for PPH due to placental abnormalities is not the best management measure given the high incidence of adverse outcomes after placement. In cases with placental abnormalities, the placenta was often unable to detach from the uterine wall, and manual detachment may result in active bleeding due to damage to the myometrium. Whether the compression force of the balloon alone to stop bleeding can achieve the ultimate therapeutic effect remains to be further investigated. However, it is worth mentioning that IUBT is a simple and rapid way to stop bleeding. IUBT can be used as a temporary hemostatic measure until other treatment measures are prepared, even if the final treatment is ineffective.

The present study found a correlation between higher prenatal hemoglobin levels and good outcomes in PPH patients treated with IUBT, which was consistent with previous research (15). To reduce the morbidity associated with PPH, the Royal College of Obstetricians and Gynecologists published guidelines in 2016 recommending that antenatal anemia be investigated and treated appropriately (2). A higher prenatal hemoglobin value means that the mother has a greater reserve capacity for blood loss, which is an important guideline for managing PPH.

SI aids in predicting the severity of early hypovolemic states and determining the need for transfusion or surgical treatment in cases of massive blood loss (16). SI has always been equally important in determining the need for intervention in PPH, and it plays a more important role than HR and BP indicators (17). According to the findings of this study, elevated SI values are an important predictor of postpartum transfusion and the need for additional invasive procedures.

Ji et al. suggested in a retrospective cohort study of 289 individuals (15) that IUBT volume > 350 ml was associated with adverse PPH outcomes. Similar results were obtained in our study. A reasonable explanation is that a larger IUBT volume may suggest a softer uterus or require more pressure to compress the uterine cavity to stop the bleeding. The conclusion that some studies (18) have reported greater amounts of fluid required to fill the balloon and a higher rate of IUBT failure in the case of multiple and twin births validates the findings mentioned above to some extent. However, it is worth mentioning that the direct cause of the adverse PPH outcomes was the patient's underlying condition rather than the more fluid. IUBT volume can be used as a proxy when it is not possible to quantify the degree of uterine softness or the required pressure to stop bleeding in patients with PPH.

To our knowledge, no previous studies have demonstrated the impact of IUBT duration time on PPH outcomes. Although the instructions recommend placement for no longer than 24 h, various guidelines do not suggest how long IUBT placement should be retained. The present study showed a positive correlation between prolonged IUBT duration time and EBL ≥ 300 ml. Alouini (19) suggests that the additional IUBT placement time may be due to persistent uterine bleeding without other techniques to control the bleeding. We believe well-designed prospective studies are required if precise conclusions are desired.



Strengths and Limitations

First, thanks to the high volume of deliveries at our institution, this study included 603 participants, which is a larger sample size than any previous one. Second, we refined the PPH outcomes after IUBT into EBL > 300 ml, transfusion > 4 units PRBCs, and UAE or hysterectomy, which allowed a more adequate assessment of maternal changes after IUBT. The main limitation of this study is that it is a retrospective study because PPH treatment is often performed in emergency situations and it is difficult to perform controlled trials. Bias in data quality and sample selection is difficult to avoid. Also, the etiology of PPH in patients sometimes overlaps, e.g., uterine atony may be secondary to placental abnormalities, the main cause of which depends mainly on the clinician's determination.




CONCLUSION

In this study, our data suggest that IUBT is a relatively reliable treatment for PPH, but its therapeutic efficacy varies depending on the indication for placement. Patients with PPH due to placental site bleeding should receive more attention in clinical practice. Prenatal hemoglobin and SI are good predictors of PPH outcome, and clinicians should actively correct anemia and closely monitor SI values in patients with PPH. The causal relationship between the IUBT volume, the IUBT duration time, and the PPH outcomes still needs to be corroborated by a large number of controlled trials.
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Small-cell carcinomas are highly malignant tumors with neuroendocrine function and which often occur in the lungs. Primary small-cell neuroendocrine carcinomas of the gynecologic tract are extremely rare. This study aimed to evaluate the prevalence of independent predictors related to the prognosis and overall survival of patients with small-cell neuroendocrine carcinomas of the gynecologic tract. Patients with gynecologic small-cell neuroendocrine carcinomas diagnosed between 1973 and 2015 were identified from the Surveillance, Epidemiology, and End Results database. Univariate and multivariate Cox risk regression analyses were performed to determine the independent predictors of overall survival. Overall survival was calculated using the Kaplan–Meier method, and the log-rank test was used for comparison. We included 5,15,393 eligible carcinomas in the present study; the prevalence of gynecologic small-cell neuroendocrine carcinomas was 0.121% (N = 622). Multivariate analysis indicated that advanced age, stage III and IV cancer, and no chemotherapy treatment may be predictors of poor small-cell neuroendocrine cervical carcinoma prognosis. Stage III and IV cancer and lack of surgery, radiotherapy, or chemotherapy were identified as potential predictors of poor prognosis in patients with ovarian small-cell neuroendocrine carcinoma. Kaplan–Meier analysis suggested that the median survival was 19, 11, and 12 months for cervical, ovarian, and endometrial small-cell neuroendocrine carcinomas, respectively. The 1-, 3-, and 5-year overall survival rates were as follows: 58.8, 31.4, and 26.1%, respectively, for small-cell neuroendocrine cervical carcinoma; 46.3, 23.5, and 22.0%, respectively, for ovarian small-cell neuroendocrine carcinoma; and 49.4, 29.4, and 25.9%, respectively, for endometrial small-cell neuroendocrine carcinoma. Our findings indicate that comprehensive and individualized treatment of small-cell neuroendocrine carcinomas of the gynecologic tract may prolong patient survival, although further studies are required.
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INTRODUCTION

Small-cell carcinomas are highly malignant tumors with neuroendocrine function, often occurring in the lungs. Primary small-cell neuroendocrine carcinomas of the gynecologic tract are extremely rare; they most often occur in the cervix, followed by the ovary and endometrium (1).

While case studies and studies of single gynecological neuroendocrine cancers exist (2, 3), no large-scale studies have investigated treatment strategies and patient prognosis across different areas of the gynecologic tract. Additionally, there is currently no conventional guideline, unified treatment plan, or method for prognostic evaluation for gynecologic small-cell neuroendocrine carcinoma. This study aimed to investigate the prevalence, risk factors, and survival outcomes of gynecologic small-cell neuroendocrine carcinoma using the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) dataset.



MATERIALS AND METHODS


Data Source and Patient Selections

The patients and related data were recruited and obtained from the SEER database, respectively. We enrolled patients with primary gynecologic small-cell neuroendocrine carcinoma initially diagnosed between 1973 and 2015. The site International Classification of Diseases for Oncology 3 code was 8041/3 (small-cell carcinoma), while the World Health Organization 2008 designations were restricted to cervical, ovarian, and uterine corpus. The exclusion criteria were as follows: age <18 years, diagnosis of carcinoma in situ, benign or borderline tumors, diagnosis at autopsy or via death certificate, presence of a non-primary gynecologic small-cell neuroendocrine carcinoma, missing/unknown cause of death, and miscellaneous malignant cancer. SEER*Stat 8.3.8 software1 was used to generate case listings. The deidentified data in the SEER database are publicly available; thus, their use is exempt from review by the Shengjing Hospital Affiliated to China Medical University Institutional Review Board.



Clinical and Demographic Characteristics

We analyzed the patients’ demographic data, including age at diagnosis (<45, 45–64, 65–84, ≥85 years), race (white, black, other, and unknown), marital status (single/unmarried, married, divorced/separated, widowed, and unknown), insurance status (insured, any Medicaid, uninsured, and unknown), year of diagnosis (1973–2015), tumor stage and grade (IA-IVB or unknown; well-differentiated, moderately differentiated, poorly differentiated, undifferentiated, or unknown), lymph node status (negative, positive, not examined, and unknown), number of lymph node metastases (none, 1–3, ≥4, and unknown), bone metastasis (yes, no), brain metastasis (yes, no), liver metastasis (yes, no), and lung metastasis (yes, no). Treatment patterns included surgery (yes, no), chemotherapy (yes, no), and radiotherapy (yes, no).



Statistical Analysis

The patients’ clinical and demographic characteristics were compared using chi-square tests or Fisher’s exact test. Categorical data are presented as numbers and percentages (N,%). Quantitative data are presented as the mean ± standard deviation. Univariate and multivariate Cox risk regression analyses were performed to determine independent predictors of overall survival. Overall survival was calculated using the Kaplan–Meier method, and the log-rank test was used for comparison. All data were analyzed using SPSS software (version 23.0; SPSS, Chicago, IL, United States). Kaplan–Meier survival curves were drawn using GraphPad Prism (GraphPad Software, San Diego, CA, United States), and P-values <0.05 were considered significant.

In accordance with the journal’s guidelines, we will provide our data for the reproducibility of this study in other centers upon request.




RESULTS

The prevalence of cervical small-cell neuroendocrine carcinoma was higher among married, divorced/separated, and widowed patients than among single/unmarried patients (P = 0.001) and among uninsured patients and those with any form of Medicaid than among insured patients (P < 0.001). Stages II–IV were associated with a higher prevalence than stage I (P < 0.001).

Additionally, diagnosis between 2004 and 2015 was associated with a higher prevalence of cervical small-cell neuroendocrine carcinoma than diagnosis before 2004 (P < 0.001). The prevalence was also higher for moderately differentiated, poorly differentiated, and undifferentiated tumors than for well-differentiated tumors (P < 0.001). Positive lymph nodes or non-examined lymph nodes were associated with a higher prevalence of cervical small-cell neuroendocrine carcinoma than negative lymph nodes (P < 0.001). Prevalence was also higher among patients with bone, brain, liver, and lung metastases than those without (Table 1).


TABLE 1. Demographic and clinical characteristics of patients with small-cell neuroendocrine carcinoma of the gynecologic tract (SCNCGT) and carcinoma of the gynecologic tract (CGT).
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Treatment patterns differed between the cervical small-cell neuroendocrine carcinoma and cervical cancer groups. Patients with cervical small-cell neuroendocrine carcinoma were more likely to receive adjuvant chemotherapy (77.9% vs. 29.5%; P < 0.001) and adjuvant radiotherapy (28.0% vs. 47.6%; P < 0.001) than those with cervical cancer. Additionally, patients with cervical small-cell neuroendocrine carcinoma were less likely to receive adjuvant surgery than those with cervical cancer (40.5% vs. 50.7%; P < 0.001; Table 1).

The prevalence of ovarian small-cell neuroendocrine carcinoma was higher in the ≥85-year age group than in the 45–64-year age group (P < 0.001) Furthermore, diagnosis between 2004 and 2015 was associated with a higher prevalence of ovarian small-cell neuroendocrine carcinoma than diagnosis prior to 2004 (P < 0.001). The prevalence of ovarian small-cell neuroendocrine carcinoma was also higher for moderately differentiated, poorly differentiated, and undifferentiated tumors than for well-differentiated tumors (P < 0.001). Positive or non-examined lymph nodes were associated with a higher prevalence of ovarian small-cell neuroendocrine carcinoma than negative lymph nodes (P = 0.049). The prevalence was also higher among patients with bone, brain, and liver metastases than those without (Table 1).

Treatment patterns differed between the ovarian small-cell neuroendocrine carcinoma and ovarian cancer groups. Patients with ovarian small-cell neuroendocrine carcinoma were more likely to receive adjuvant chemotherapy (73.7% vs. 59.6%) (P < 0.001) and adjuvant radiotherapy (7.40% vs. 3.1%; P < 0.001) than those with ovarian cancer. Additionally, the rate of adjuvant surgery was not significantly different between these groups (80.6% vs. 75.4%; P = 0.166) (Table 1).

The prevalence of endometrial small-cell neuroendocrine carcinoma was higher among married, divorced/separated, and widowed patients than among single/unmarried patients (P = 0.007). Stages II–IV were also associated with a higher prevalence than stage I (P < 0.001). Prevalence was also higher for moderately differentiated, poorly differentiated, and undifferentiated tumors than for well-differentiated tumors (P < 0.001). Positive or non-examined lymph nodes were associated with a higher prevalence of endometrial small-cell neuroendocrine carcinoma than negative lymph nodes (P < 0.001). The prevalence of endometrial small-cell neuroendocrine carcinoma was also higher among patients with brain, liver, and lung metastases than those without (Table 1).

Treatment patterns differed between the endometrial small-cell neuroendocrine carcinoma and endometrial cancer groups. Patients with endometrial small-cell neuroendocrine carcinoma were more likely to receive adjuvant chemotherapy than those with endometrial cancer (57.5% vs. 13.1%) (P < 0.001). Additionally, patients with endometrial small-cell neuroendocrine carcinoma were less likely to receive adjuvant radiotherapy (15.1% vs. 25.6%; P < 0.001) and adjuvant surgery (60.4% vs. 89.5%; P < 0.001) than those with endometrial cancer (Table 1).

In the univariate Cox regression analysis, age, marital status, stage, lymph node status, lymph node metastasis, bone metastasis, liver metastasis, lung metastasis, surgery, chemotherapy, and radiotherapy were positively associated with risk of cervical small-cell neuroendocrine carcinoma. Age, marital status, stage, lymph node status, lymph node metastasis, liver metastasis, surgery, chemotherapy, and radiotherapy were positively associated with risk of ovarian small-cell neuroendocrine carcinoma. Furthermore, age, stage, lymph node status, lymph node metastasis, liver metastasis, surgery, chemotherapy, and radiotherapy were positively associated with risk of endometrial small-cell neuroendocrine carcinoma (Table 2).


TABLE 2. Univariable Cox regression for analyzing the associated factors for developing small-cell neuroendocrine carcinoma of the gynecologic tract (SCNCGT).
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In the multivariable Cox regression analysis, risk of death significantly increased in patients with cervical small-cell neuroendocrine carcinoma diagnosed at 45–64 or 65–84 years of age (hazard ratio [HR]: 1.523; 95% confidence interval [CI]: 1.034–2.242 and HR: 2.581; 95% CI: 1.607–4.146, respectively). All patients with cervical small-cell neuroendocrine carcinoma who presented with stages III–IV had a higher death risk than those with other stages; the HRs were 1.993 (95% CI: 1.033–3.847) and 3.020 (95% CI: 1.602–5.693), respectively. Patients with cervical small-cell neuroendocrine carcinoma not treated with adjuvant chemotherapy also had a higher death risk (HR: 2.784, 95% CI: 1.902–4.075) than those who received adjuvant chemotherapy. The death risk was significantly higher in patients with ovarian small-cell neuroendocrine carcinoma diagnosed at stages III–IV than those diagnosed at other stages (III: HR: 3.512, 95% CI: 1.617–7.629; IV: HR: 3.836, 95% CI: 1.744–8.437). Patients with ovarian small-cell neuroendocrine carcinoma who were not treated with adjuvant surgery, chemotherapy, and radiotherapy also had a higher death risk than patients who received adjuvant surgery, chemotherapy, and radiotherapy, with HRs of 2.127 (95% CI: 1.103–4.101), 2.023 (95% CI: 1.152–3.551), and 5.988 (95% CI: 1.350–26.560), respectively. Moreover, patients with endometrial small-cell neuroendocrine carcinoma not treated with adjuvant surgery and chemotherapy also had a higher death risk than patients who received adjuvant surgery and chemotherapy, with HRs of 4.842 (95% CI: 1.552–15.108) and 2.102 (95% CI: 0.964–4.584), respectively (Table 3).


TABLE 3. Multivariable Cox regression for analyzing the prognosis factors for small-cell neuroendocrine carcinoma of the gynecologic tract (SCNCGT).
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The median overall survival time was 13 months for gynecologic small-cell neuroendocrine carcinoma. Median survival times were as follows: 19 months (95% CI: 16.03–21.96) for cervical, 11 months (95% CI: 8.94–13.06) for ovarian, and 12 months (95% CI: 7.17–16.84) for endometrial small-cell neuroendocrine carcinoma (Figure 1A, P = 0.032).


[image: image]

FIGURE 1. Kaplan–Meier analysis of overall survival among patients with small-cell neuroendocrine carcinoma of the gynecologic tract (SCNCGT) (P = 0.032) (A). Small-cell neuroendocrine carcinoma of the cervix (SCNCC) and age (P < 0.001) (B). SCNCC and stage (P < 0.001) (C). SCNCC and chemotherapy (P = 0.0015) (D). Small-cell neuroendocrine carcinoma of the ovary (SCNCO) and stage (P < 0.001) (E). SCNCO and surgery (P = 0.0015) (F). SCNCO and chemotherapy (P = 0.020) (G). SCNCO and radiotherapy (P < 0.001) (H). Small-cell neuroendocrine carcinoma of the endometrium (SCNCE) and surgery (P = 0.0015) (I). SCNCE and chemotherapy (P = 0.038) (J).


In Kaplan–Meier analysis, overall survival was worse for patients with cervical small-cell neuroendocrine carcinoma with advanced age (Figure 1B, P < 0.001), those with stage III and IV diseases (Figure 1C, P < 0.001) and those who had not undergone chemotherapy (Figure 1D, P = 0.0015). Survival outcomes were worse for patients with ovarian small-cell neuroendocrine carcinoma diagnosed with stage II disease (Figure 1E, P < 0.001) and those who had not undergone surgery (Figure 1F, P = 0.0015), chemotherapy (Figure 1G, P = 0.020), or radiotherapy (Figure 1H, P = 0.0015). Furthermore, overall survival was worse for patients with endometrial small-cell neuroendocrine carcinoma who had not undergone surgery (Figure 1I, P = 0.0015) or chemotherapy (Figure 1J, P = 0.038).



DISCUSSION


Summary of Main Results

Our study showed that cervical cases were the most common type of gynecologic small-cell neuroendocrine carcinoma, followed by ovarian and endometrial cases. Women with gynecologic small-cell neuroendocrine carcinoma had poor overall survival, and long-term survival was rarely reported, with the highest survival rate observed in cervical cases. Advanced age, stage III and IV cancer, and no chemotherapy treatment were potential predictors of poor prognosis of cervical small-cell neuroendocrine carcinoma, while stage III and IV cancer and lack of surgery, radiotherapy, or chemotherapy were predictors of poor prognosis of ovarian small-cell neuroendocrine carcinoma.



Results in the Context of Published Literature

Previous studies have reported that the incidence of gynecologic small-cell neuroendocrine carcinoma is 2% (4, 5). However, our analysis of SEER data yielded an incidence of only 0.125%. Our data confirmed that women with gynecologic small-cell neuroendocrine carcinoma had poor overall survival. For all women with gynecologic small-cell neuroendocrine carcinoma, the median survival time after diagnosis was only 15 months. The highest survival rate was observed among patients with cervical small-cell neuroendocrine carcinoma, who exhibited a median survival time of 19 months. The median survival times for ovarian and endometrial small-cell neuroendocrine carcinoma were 11 and 12 months, respectively. The survival rates observed in our study are extremely low when compared with those for female genital tract cancer (3). The 5-year survival rates were 26.1, 22.0, and 5.9% for cervical, ovarian, and endometrial small-cell neuroendocrine carcinoma, respectively. The morbidity and survival rates observed in our study are lower than those previously reported (1). Owing to low morbidity, imperfect treatment planning, and poor patient prognosis, early diagnosis and appropriate treatment are critical for improving patient survival.

Cervical small-cell neuroendocrine carcinoma typically presents as more advanced and with poorer prognosis than cervical squamous cell carcinoma or adenocarcinoma, and its recurrence rates are higher than those for either (6). Here, the median survival time of patients with cervical small-cell neuroendocrine carcinoma was only 19 months. In a 2019 multi-center neuroendocrine cancer study, Ishikawa et al. (7) investigated the prognostic factors and best treatments for early cervical small-cell neuroendocrine carcinoma. Their multivariate analysis revealed that T3/T4, paraaortic lymph node metastasis, distant metastasis, and the number of chemotherapy cycles were independent prognostic factors for survival (8). In a meta-analysis of 1,901 patients, radiotherapy was also associated with poor survival, while chemotherapy was associated with prolonged survival, similar to the findings observed for patients with small-cell lung cancer (9). These findings suggest that the first-choice treatment for early-stage cervical small-cell neuroendocrine carcinoma should be surgery with adjuvant chemotherapy either before or after surgery, and that clinicians should remain cautious when considering radiotherapy. Moreover, it should be noted that patient age and clinical stage were risk factors in our study, thus indicating that advanced age, T3/T4, and adjuvant chemotherapy can significantly increase death risk.

Etoposide plus cisplatin and irinotecan plus cisplatin are currently the best chemotherapy regimens for cervical small-cell neuroendocrine carcinoma (10, 11). However, recent studies have identified potential targeted therapies, including PD-1, PI3K, and MEK inhibitors (12–15). Whether these and other molecular targeting strategies can benefit patients with cervical small-cell neuroendocrine carcinoma requires further research.

The largest case series included 42 cases of endometrial neuroendocrine carcinoma (15). This Japanese study reported that patients with stage III and IV simple small-cell neuroendocrine carcinomas exhibited significantly poorer prognosis than those with less advanced disease. Multivariate analysis indicated that the histological subtype and surgery were important prognostic factors. Thus, if radical surgery is possible, it should be the primary treatment for endometrial small-cell neuroendocrine carcinoma. Our findings indicated that the median survival time of patients with endometrial small-cell neuroendocrine carcinoma was 12 months, with a 5-year survival rate of 25.9%. Factors associated with prognosis include not only surgery but also adjuvant chemotherapy and radiotherapy. Sawada et al. (16) reported the rare case of a patient with late endometrial small-cell carcinoma with liver and brain metastases who survived for 12 years. The patient underwent pelvic tumor reduction surgery and metastasis resection, postoperative treatment with irinotecan hydrochloride combined with cisplatin chemotherapy, and adjuvant radiotherapy. Viau et al. (17) presented the case of a patient diagnosed with stage IV uterine intimal small-cell carcinoma who underwent surgery, chemotherapy (cisplatin/etoposide), and radiotherapy. Five years after completing the treatment, the patient remained disease-free. These reports suggest that treatments based on surgery, adjuvant radiotherapy, and chemotherapy can improve patient survival.

Ovarian small-cell neuroendocrine carcinoma had the lowest median survival time among all gynecologic small-cell neuroendocrine carcinomas at only 11 months. The currently recommended chemotherapy regimen is a multi-drug combination of platinum and etoposide for postoperative chemotherapy (18, 19). In a study of 469 women, Nasioudis et al. (18) observed 5-year overall survival rates of 48.6, 30.7, 18, and 12.3% in patients with stages I–IV, respectively. Their multivariate analysis revealed that an earlier stage of the disease and chemotherapy use were associated with lower mortality, despite no association with lymph node dissection. This provides an important basis for performing lymph node dissection during ovarian small-cell neuroendocrine carcinoma. In our study, there were only 217 cases of ovarian small-cell neuroendocrine carcinoma, which had a 5-year overall survival rate of 22.0%. Based on these findings, adding surgery and radiotherapy to chemotherapy treatment may increase patient survival.

Although the SEER database does not mention the diagnosis and treatment of recurrent gynecologic small-cell neuroendocrine carcinoma, even early cases are associated with a 30% chance of recurrence (20). While there are international guidelines for diagnosing and treating cervical cancers, no such guidelines exist for diagnosing and treating recurrent cervical small-cell neuroendocrine carcinoma (21). In fact, the National Comprehensive Cancer Network Guidelines for the Treatment of Cervical Cancer clearly exclude advanced neuroendocrine cancers (22). Many scholars currently advocate combined chemotherapy using topotecan, paclitaxel, and bevacizumab. However, this approach is not particularly effective, with a median survival time of only 10 months (23). Currently, bevacizumab is the preferred chemotherapy drug and has been used in phase II clinical trials (24).



Strengths and Weaknesses

This study investigated the prevalence, risk factors, and survival outcomes of gynecologic small-cell neuroendocrine carcinoma using the largest publicly available cancer data set. However, there were certain limitations. The SEER database only provides information on whether and when (i.e., before or after surgery) radiotherapy and chemotherapy were performed, while the specific plan of treatment is not provided. Therefore, the clinical data were not detailed enough to determine whether specific regimens were associated with prognosis/survival. We also noticed that the degree of differentiation of the disease was very low in stages I–II and more concentrated in stages III–IV. Despite the grade not being a significant predictor in univariate and multivariate Cox risk regression analyses, there may be a certain correlation between the low survival rate of the disease and low degree of pathological differentiation. Lastly, given the rarity of gynecologic small-cell neuroendocrine carcinoma, the literature consists of only case reports and small case series.



Implications for Practice and Future Research

There is currently no conventional guideline, unified treatment plan, or method for prognostic evaluation for gynecologic small-cell neuroendocrine carcinoma. Large-scale multi-center studies are required to elucidate the biological behavior of the disease and explore the most suitable treatment methods for improving patient prognosis. However, future studies should focus on exploring gene-targeted therapy, improving the preoperative diagnosis rate, and developing appropriate treatment guidelines.




CONCLUSION

The survival times of endometrial and ovarian small-cell neuroendocrine carcinoma are relatively short, and long-term survival is rarely reported. Based on our findings, we believe that comprehensive and individualized treatment for gynecologic small-cell neuroendocrine carcinoma may prolong patient survival.
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Introduction: Postpartum sexual health gets very little attention compared to pregnancy and childbirth, even though most maternal deaths and disabilities occur during this time. Therefore, the study aimed to assess return of sexual activity within 6 weeks of childbirth among married women attending postpartum clinic of a teaching hospital in Ethiopia, 2021.

Methods: The hospital-based cross-sectional study design was implemented from September to October 2021. Eligible postpartum women were sampled by systematic random sampling technique. The data was entered into EPI-info and exported to SPSS version 24 for further analysis. All variables with a p-value < 0.05 in multivariable analyses were taken as associated factors with the return to sexual activity before 6 weeks of childbirth.

Results: A total of 421 postpartum women participated in the study. The prevalence of women who return to sexual activity 6 weeks after childbirth was 31.6%. The study revealed that monogamy (Adjusted Odds Ratio (AOR) = 4.4, 95% Confidence Interval (CI) (2.1, 9.4)), parity (AOR= 0.11, 95% CI (0.02–0.81)) and (AOR = 0.1, 95% CI (0.015–0.72)), postnatal care (AOR= 1.8, 95% CI (1.01–3)) and infants feeding status (AOR=2.3, 95% CI (1.3–4)) were significantly associated with return of sexual activity before 6 weeks of childbirth.

Conclusion: The findings of this study suggested that, nearly one-third of postpartum women engaged to sexual activity within 6 weeks of childbirth. Return of sexual activity within 6 weeks of childbirth associated with monogamy type of marriage, parity, postnatal care, and child feeding status. Strengthening postpartum counseling regarding the appropriate time to resume sexual activity is crucial. Regular postpartum visits following deliveries should also be encouraged by health care providers.

Keywords: postpartum sexual activity, Ethiopia 2022, sexual resumption, early sexual activity, return to sex, sexual activity, six weeks of childbirth, Ethiopia


INTRODUCTION

The postpartum period has received less attention than pregnancy and childbirth, despite the fact that it is the time when most maternal deaths and disabilities occur (1). As sexual health undergoes fundamental changes during pregnancy, childbirth, and the postpartum period, postpartum sexual health is one of the emerging international issues. The World Health Organization (WHO) recommends that one of the most important issues to be addressed during the postpartum period is postpartum sexual health (2). Arousal, libido, orgasm and sexual pleasure are all signs of good sexual health after childbirth (3).

In fact there is a positive relationship between sexual and marital satisfaction which develops true relationships and benefits both partners in strengthening the family (4). However, pregnancy and the time after childbirth have a negative impact on women's and their partner's sexuality (5). The interest in sexual activity decreases during pregnancy but returns to normal soon after an average of 6 weeks after childbirth (6). It has lately been suggested that it is safe to resume postpartum sexual activity at least 6 weeks after childbirth (7).

The postpartum sexual resumption after childbirth may reduce the likelihood of compromising family's relationships and reduce the family's' health at risk due to sexually transmitted infections such as HIV/AIDS through being polygamous (8). However, according to the World Health WHO and other studies, more than half (50%), of women resume sexual activity within 6 weeks of childbirth (9–11). For instance, in Turkey 79.1% and China 68.7% of postpartum women engage sexual activity within the first 6 weeks of childbirth (12, 13).

Early sexual resumption is also common in African countries with varying and/or unpredictable durations such as Nigeria 38.7% and Uganda 21.6% (14–17). Studies in Ethiopia revealed that many women resumed sexual activity within 6 weeks of childbirth: Nekemte (20.2%) (18), Gondar town (26.9%) (15, 19), Jimma and Addis Ababa city, more than half (>50%) of women started sexual intercourse earlier after childbirth (3, 11).

It is generally recognized that after giving birth, women experience a variety of sexual health problems with variety of negative consequences such as wound infection, painful intercourse, vaginal dryness, inability to reach orgasm, vaginal laxity and decreased libido (3, 20, 21). While a temporary decrease in libido following childbirth is to be expected, women should not feel pain during sexual activity. If these symptoms are not addressed, there will be a fear of having sexual relations, and the problem will increase, resulting in physical and psychological illness (22).

In addition, early postpartum sexual resumption without using contraception can result in an unexpected pregnancy. This may result in poor maternal and infant health, as well as a high risk of death for infants under the age of 1 year (23). Previous studies showed that income, type of marriage, sexual intercourse during pregnancy, mode of delivery, contraceptive method utilization, parity, educational status, desire for additional baby, demand of the partner for intercourse and residence are factors associated with the early return to postpartum sexual activity (3, 7, 11, 13, 18).

In Ethiopia; sexual health after childbirth like when it is safe to resume sexual intercourse is not properly addressed in which health care practitioners rarely talk to postpartum women about sexual issues (3, 18). The majority of Ethiopian studies focused on the use of contraception to avoid rapid repeat pregnancies in order to resolve women's health problems following childbirth. This indicates the gaps of information on the factors associated with early postpartum sexual resumption after childbirth (18). Therefore, this study aimed to assess return of sexual activity within 6 weeks of childbirth among married women attending postpartum clinic of Salale University Comprehensive Specialized Teaching Hospital in Ethiopia, 2021.



MATERIALS AND METHODS


Study Design, Period and Area

The hospital based cross-sectional study design was employed from September to October 2021. The study was conducted at Salale University Comprehensive Specialized Teaching Hospital. The hospital is located in Fiche Town, North Shewa District, and 112 kilometers away from Addis Ababa. It is one of the first-line hospitals in the North Shewa district, serving more than 1.5 million people each year and providing more than 3,978 postnatal services (PNC) per year.



Population

The source population of this study was postpartum women who went to Salale University Comprehensive Specialized Teaching Hospital for postpartum and child immunization services. The study population was postpartum women attending postpartum and child immunization services at Salale University Comprehensive Specialized Teaching Hospital during study period. All married postpartum women who visited postpartum or child immunization clinic during data collection period were included in the study. Women who were critically ill during the study period were excluded from the study.



Sample Size Determination and Sampling Procedure

The single population proportion formula used to calculate the sample size, with a 95% confidence level and 5% margin of error, the proportion (p) of early postpartum sexual intercourse 53.9% taken from a similar study conducted in Jimma district / Ethiopia (3). Finally, 421 eligible postpartum women were sampled by systematic random sampling technique. Individual clients who visited a postnatal clinic were approached using a sampling interval of K = 10 [N/n, where N is the average number of clients who visited a postnatal clinic and n is the computed final sample size]. The first participant was chosen using a lottery method based on the obtained interval.



Data Collection Instruments and Techniques

A semi-structured questionnaire was developed after a thorough review of the literature. The questionnaire was initially written in English, and then translated into Afan Oromo and again retranslated back to English to check for any inconsistencies or distortions in the meaning of terms and concepts. Socio-demographic characteristics, reproductive and maternal health service use-related characteristics, post-natal care-related factors, and sexual health during pregnancy and after birth-related characteristics were all included in the questionnaire. Data were collected using a semi-structured questionnaire in the Afan Oromo language version after pre-testing on 5% of the same-origin population outside the sample population. The pre-testing process was carried out in Muke Turi primary hospital, which accounted for 5% of the total sample size. The tool reliability test was checked by Cronbach's alpha, which indicated that 0.87. Two midwives collected the data after being briefed on the research and data collection protocols.



Data Processing and Analysis

The data entered into EPI-info and then exported to SPSS version 24 for further analysis. Descriptive analysis (such as frequencies, percentages, means, and standard deviation) and inferential analysis was performed. Bivariate and multivariable logistic regressions used to check the significance of the outcome variable and each of the independent variable using odds ratio with 95% confidence interval. All variables with p-value < 0.25 at bivariate was considered as a candidate for multivariable analysis and those variables with a p-value < 0.05 in multivariable analyses were taken as statistical significant associated factors with return to sexual activity before 6 weeks of childbirth. Multivariable logistic regression analyses were performed to control for possible confounding effects of the selected variables. The main assumption of the binary logistic regression model was tested. The assumption result showed that there is no existence of a significant effect modification. The multicollinearity among the independent variables was also evaluated using a multiple linear regression model. The evaluation result does not indicate evidence of multicollinearity. Model goodness-of-fit was tested by the Hosmer-Lemeshow model and the forward stepwise (likelihood ratio) method used. The p-value for the model fitness test was 0.935.



Variables

Dependent variable: return to sexual intercourse before 6 weeks of childbirth.

Independent variables: socio demographic characteristics (polygamy, educational status, occupation, age), reproductive and maternal health service use-related characteristics (gravidity, index of current pregnancy status, mode of delivery, place birth), post natal care related factors (postnatal care visit, current infant feeding status, resumption of menstruation), sexual health during pregnancy and after birth related characteristics (Practice of sexual intercourse during pregnancy, Last sex trimester, Reason to resume sexual intercourse).



Operational Definitions
 
The Time of Return to Sexual Activity

In this study the category given for return to sexual activity before 6 weeks of childbirth as code 1 and return to sexual activity after 6 weeks of childbirth as code 0.



Index of Current Pregnancy Status

Intention to have the child before conception.



Resumption of Menses After Delivery

Is the first menstrual cycle after childbirth.




Ethics Approval and Informed Consent

The research was carried out in agreement with the Helsinki Declaration. Salale University Ethical Review Committee authorized the ethical clearance of written consent for those over the age of 18 and an agreement form for those under the age of 18 from their partners with Ref. No. SLUERC/122/2021. Official authorization was received from the selected hospital, as well as a support letter from the North Showa Zone health office. After describing the study's goal to participants, written agreement was obtained. The privacy and anonymity of study subjects were preserved by omitting their names from the questionnaire and storing their data in a secure location.

The following figure illustrates the major methods and materials section (Figure 1).


[image: Figure 1]
FIGURE 1. Flow chart of materials and methods.





RESULTS


Socio-Demographic Characteristics Among Married Post-partum Women at Salale University Comprehensive Specialized Teaching Hospital, From September to October 2021 (n = 421)

A total of 421 postpartum women participated in the study. The mean age of participants was 28.54 years (SD ± 5.08), and a majority of participants, 318 (75.5%), were of Oromo ethnicity. About 292 (69.4%) of the participants were monogamous, and nearly half, 213 (50.6%) of the participants had been living with their husbands for only 1 to 2 years. The majority, 297 (70.5%) of study participants lived in cities, accounting for more than two-third of women participated in the study, and 40.4% of postpartum women had a college education or higher (See Table 1).


Table 1. Socio-demographic characteristics of post-partum women at Salale University comprehensive specialized teaching hospital, September to October 2021 (n = 421).
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Reproductive and Maternal Health Service Related Characteristics Among Married Post-partum Women at Salale University Comprehensive Specialized and Teaching Hospital, From September to October 2021 (n = 421)

According to the result of this study, more than three-quarters of the participants, 366 (86.9%), gave birth to their first child during the current delivery. Almost all, 399 (94.8%) of the study participants' index of the pregnancy status was planned and about 405(96.2%) had prenatal care during their last pregnancy. The majority, 292 (69.4%) of women gave birth their last baby in a hospital. Regarding women's mode of delivery in this finding, about three-quarters, 318(75.5%) give birth by spontaneous vaginal delivery (SVD) without an episiotomy during their last delivery and 264(62.9%) of them were multiparous (See Table 2).


Table 2. Reproductive and maternal health service related characteristics among married post-partum women at Salale University Comprehensive Specialized and teaching hospital, from September to October 2021 (n = 421).
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Post Natal Care Related Characteristics Among Married Post-partum Women at Salale University Comprehensive Specialized and Teaching Hospital, From September to October 2021 (n = 421)

The majority of women who participated in the study, 257 (61%) had postpartum care at their last delivery, and most of them, 279 (66.3%) had exclusively breastfed their infants. More than half, 233 (55.3%) of the study participants' menstruation cycle returned after a recent delivery, and 378 (89.8%) had a good understanding of any modern contraceptive method (See Table 3).


Table 3. Post natal care related characteristics among married post-partum women at Salale University Comprehensive Specialized and Teaching hospital, from September to October 2021 (n = 421).
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Sexual Health Characteristics of Early Return to Postpartum Sexual Intercourse Among Married Post-partum Women at Salale University Specialized and Teaching Hospital, From September to October 2021 (n = 421)

The majority, 353 (83.8%) of the women practiced sexual intercourse during their last pregnancy and from those who practiced sexual intercourse during pregnancy most of them, 220 (62%) end up the sexual activity during the third trimester pregnancy.

Most of the women, 221 (52.5%) discussed about return to postpartum sexual activity with their husbands to initiate the sexual intercourse after recent childbirth, and 195 (46.3%) women resumed their sexual practices under the influence of their husbands.

According to the finding of this study, most of the women, 337 (80%) were not getting health education from health care providers regarding the time when to resume sexual intercourse after childbirth. Prevalence of women who return to sexual activity before 6 weeks after childbirth (non-recommended time) was 133 (31.6%) (See Table 4).


Table 4. Sexual health characteristics of study participants who attending Salale University specialized and teaching hospital, from September to October 2021 (n = 421).
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Factors Associated With Return to Sexual Intercourse Before 6 Weeks of Childbirth Among Married Post-partum Women at Salale University Specialized Teaching Hospital, From September to October 2021 (n = 421)

In the bivariate logistic regression those variables with p-value of ≤ 0.25 considered as the candidate for multivariable logistic regression analysis, such as parity, index of current pregnancy status, mode of delivery, postnatal care visit for the last births, infant feeding status, last trimester sexual activity during pregnancy, getting help and health education from healthcare providers after giving birth.

In multivariable logistic regression monogamy, parity (multi-parous, grand- multi parous), postnatal care visit for the recent birth and infant feeding status were found to be significantly associated with return to sexual activity before 6 weeks after childbirth at p-value < 0.05 with 95% confidence interval.

This study revealed that participants with monogamy type of marriage were 4.4 times more likely to return to sexual activity before 6 weeks after childbirth than mothers whose type of marriage was polygamy [AOR = 4.4, 95% CI (2.1, 9.4)].

The study also showed that multiparous and grand-multi parous women were 89% and 90% less likely to have early postpartum intercourse [AOR= 0.11, 95% CI = (0.02, 0.81) and AOR = 0.10, 95% CI = (0.015, 0.72)].

Correspondingly, women who had postnatal care visit for the last births were about 2 times more likely to resume sexual intercourse within 6 weeks of childbirth than mothers those who had no postnatal care visit for the last births (AOR = 1.8, 95% CI (1.01–3) and postpartum women using formula feeding as infant feeding were 2.3 times more likely to resume sexual intercourse within 6 weeks of childbirth than mothers with exclusive breastfeeding (AOR = 2.3, 95% CI (1.3–4). (See Table 5).


Table 5. Factors associated with return to sexual activity within 6 weeks of childbirth among married post-partum women attending Salale University specialized and teaching hospital, from September to October 2021 (n = 421).
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DISCUSSION

In this study, the prevalence of return of sexual activity within 6 weeks of childbirth was 31.6%. The study found that polygamy, number of deliveries (parity), postnatal care visits, and current infant feeding patterns were significantly associated with return of postpartum sexual activity within 6 weeks of childbirth. The prevalence of this study was comparable with the study done in Gondar (26.9%), Nekemte (20.2%), Uganda (21.5%), and Nigeria (21.9%) (16–19).

The finding of this study was much lower than the findings of study conducted in Jimma town (53.9%), Uganda (66.4%), and Turkey (79.1%) (3, 12, 13). A possible reason for the difference may be due to differences in sociocultural differences. Another reason for the discrepancy could be where the study was conducted [specialized hospital versus (vs.) district hospital] and the differences in study design between the Turkish and the current study (cross-sectional vs. cohort study design).

The result of this study showed that women with monogamous type of marriage were 4.4 times more likely to resume sexual activity within 6 weeks of childbirth compared to women who were in polygamous type of marriage [AOR = 4.4, 95% CI = (2.1, 9.4)]. This is in line with research conducted in Ethiopia's Jimma district, which showed that women in monogamous form of marriage were more likely to resume sexual activity earlier than women in polygamous marriage (3). This might be justified that partners with a polygamous type of marriage have the option to have sexual intercourse with one of the wives, while postpartum mothers can abstain.

The study also showed that multiparous and grand-multi parous women were 89% and 90% less likely to have early postpartum intercourse [AOR = 0.11, 95% CI = (0.02, 0.81) and AOR =0.10, 95% CI = (0.015, 0.72)] compared with primiparous women, respectively. This is comparable to studies conducted at Aminu Kano Teaching Hospital (AKTH) in Nigeria, National Referral and Teaching Hospital in Murago Uganda, Nekemte town in western Ethiopia and Gondar city in northwestern Ethiopia (7, 16, 18, 19). These studies show that women with only one child return to sexual activity earlier than women with many children. The likely justification for this might be that women's wish to have another child within a short period of time.

Similarly, the current study also showed that women who had the postnatal care visit for the last births were about 2 times more likely to resume sexual intercourse earlier than women who had no postnatal care visit [AOR =1.8, 95% CI: (1.01, 3)]. This response is supported by the study done in Gondar city, Northwest Ethiopia (19) which indicated that women who obtained postnatal care had higher odds to initiate early sexual intercourse than who did not. This may be because postpartum visits allow women to receive more information and counseling about exclusive breastfeeding and postpartum contraceptives, thereby preventing unwanted pregnancies. As a result, they can start sexual activity earlier without worrying about an unwanted pregnancy.

Those who were currently formula-fed as an infant feeding were 2.3 times more likely to resume sexual activity than women who exclusively breastfed [AOR = 2.3, 95% CI: (1.3, 4)]. This is consistent with an analysis of study from 17 Asian and African countries (24), which showed that postpartum infant feeding status was significantly associated with early onset of postpartum intercourse. The reason for our study could be that postpartum women who are not breastfeeding are more likely to engage sexual activity because they are not subjected to the negative effects of breastfeeding, which include physical, hormonal, and psychological changes in the body. They are also devoid of the side effects of low estrogen caused by high prolactin hormone from nursing, which cause decreased vaginal lubrication and vaginal epithelial atrophy, making physical arousal difficult and intercourse unpleasant. Dyspareunia is a prevalent sexual dysfunction among breastfeeding mothers (5, 25). The additional reason may be the poor relationship of the women with their male partners (26).



CONCLUSION

In the current study, about one-third of postpartum women returned to sexual activity within 6 weeks of childbirth. Monogamous marriage, parity, postpartum visits at last delivery, and current infant feeding status were found to be significantly associated with return of sexual activity within 6 weeks of childbirth. Strengthening postpartum counseling regarding the appropriate time to resume sexual activity is crucial. Regular postpartum visits following deliveries should also be encouraged by health care providers.
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A Giant Ovarian Cystadenoma in A 20-Year-Old Nulliparous Woman: A Case Report
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Giant ovarian cyst itself is defined as a cyst >10 cm in diameter from radiological- examination or the size of the cyst exceeds the umbilicus. Extra-large benign and malignant cysts of the ovary are uncommon and involve diagnostic and management challenges. We present the case of a 20-year-old nulliparous woman who was referred to our center with complaints of abdominal pain and heavy breathing. She benefited from a salphingo-oophorectomy laparotomy procedure. Benign and malignant gynecologic and non-gynecologic etiologies are included in the differential diagnosis of an abdominal mass. Because of the infrequent occurrence or absence of distinctive clinical presentation of the giant ovarian cyst, accurate preoperative diagnosis is challenging.


Keywords: giant ovarian tumor, salphingo-oophorectomy, laparotomy, ovarian cyst, gynecological benign tumor





INTRODUCTION

A fluid-filled sac in the ovarian tissue is known as an ovarian cyst. A cyst is defined as a fluid-filled sac that is bigger than 5 cm in diameter (1, 2). Giant ovarian cyst itself is defined as a cyst >10 cm in diameter from radiological examination or the size of the cyst exceeds the umbilicus (3). Despite this, the many of ovarian cysts develop during the hormonally active stages of childhood and adolescence. Most are functional in nature and resolve without treatment. Ovarian cysts, on the other hand, can signal an underlying malignant process or, more likely, divert the clinician’s attention away from a more dangerous illness, such as appendicitis, ovarian torsion, or ectopic pregnancy. On the other hand, there may be an inverse relationship between breast cancer and ovarian cysts. When ovarian cysts become large, painful, or persistent, or when radiographic or exam findings are alarming, surgery may be required, and the ovary may be removed (1, 3). Ovarian cysts can develop at any age, however they are more common during the reproductive years and are more common in menarchal females due to endogenous hormone production (4, 5).

In general, in the younger population, the goal of management is conservative, with observation and resolution of symptoms, prevention of complications, and, when necessary, proper treatment of malignant tumors while maintaining ovarian structure and function (6).



CASE REPORT

A 20-year-old woman, G0P0A0, came to Hospital’s with complaints of tightness and difficulty in breathing because her abdomen is increasingly enlarged and hardened. Complaints were already present for three years ago, but she never sought medical attention until now because she started feeling short of breath. The patient also complained of generalized abdominal pain with a VAS score of 8. On physical examination, the patient appeared toxic but fully concious (GCS E4M5V6). Measurement of vital signs are as follow: blood pressure 130/80 mmHg; heart rate 89, regular; respiratory rate 22 breaths per minute, regular; axillar temperature 36C; and oxygen saturation 99%. The patient weighs 67 kg with 156 cm height (nutritional status is classified as obese, BMI 27.5 kg/m2.

Inspection of the abdomen revealed significant distension (38 cm × 60 cm) (Figure 1). Bowel sound was absent on auscultation. Abdomen was dull on percussion, tenderness on palpation. Liver and spleen were unpalpable. Other systems appeared normal. Complete blood count examination revealed an increase in creatinine (0.9 mg/dL [normal range: 0.5–0.8 mg/dL]) and calcium (1.28 mmol/L [normal range 1.00–1.15 mmol/L]), other parameters were normal.


[image: Figure 1]
FIGURE 1. Measurement of the abdominal mass during physical examination.


CT scan examination of the abdomen revealed a giant septal and lobulated cyst (30.7 cm × 30.72 cm × 31.67 cm), oval-shaped, located in abdominal and pelvis and abdominal cavity (Figure 2). The patient was then diagnosed with giant ovarian cyst and left salpingo- oophorectomy was done. Ovarian tumor was successfully removed (Figure 3) without any complications during and after surgery. No complications were observed in the 30 days after surgery. Histopathological examination results confirmed mucinous cystadenoma. The patient’s perspective on the health services we provide is quite satisfactory


[image: Figure 2]
FIGURE 2. Abdominal CT-scan revelaed a giant lobulated cyst in the abdominal and pelvic cavity.



[image: Figure 3]
FIGURE 3. Completely removed the giant ovarian tumor.




DISCUSSION

We hereby report a case of a 20-year-old woman suffering from giant ovarian cyst. Ovarian cysts are seen in girls and women of all ages. Extra-large benign and malignant cysts of the ovary are uncommon and involve diagnostic and management challenges. Many problems are linked with surgical care of these giant ovarian cyst tumors, including severe hypotension, heart failure, respiratory failure, intestinal distention, and hypovolemic shock (3).

The many of mucinous tumors were benign mucinous cystadenomas (85%). These tumors can grow to a very large size. They usually occur as large multicystic masses containing mucus and fluid, usually appearing in women in their 20 to 40 s. Its large size itself can be a sign of mucinous histology (7). Our patient’s presentation was pathognomic: enlarged abdominal distension filled the entire abdominal cavity, accompanied by symptoms due to compression of adjacent organs including constipation, difficulty defecating, urinary disturbances, early satiety, and edema of the lower extremities due to venous pressure and lymphatic vessels. Patients come to a secondary hospital after being referred from a primary health facility (Community Health centers). In fact, the patient has felt that his stomach is getting bigger in the past year which is getting bigger and bigger. Because he did not experience severe complaints, this patient did not go to the hospital. So far, she only goes to an independent practice doctor if there are complaints of pain or shortness of breath. Because the complaint of shortness of breath was getting worse and was not cured by taking medication, the patient came to the hospital. Social, economic, and educational factors affect patients late for treatment at the hospital.

Ovarian cyst frequency increased with age as adolescence progressed, ranging from 3.8%–31.3%. With a rate of 31.3 percent, the peak age for ovarian cysts was 15 years (8). Many simple ovarian cysts are asymptomatic and only discovered on ultrasound by chance. Ovarian cysts that are larger might produce discomfort and pressure feelings. A cyst that has been torn usually causes considerable pain and manifests as an acute abdomen. An ovarian torsion can occur in prepubescent girls without any adnexal disease (1).

Adolescents with a symptomatic ovarian mass include abdominal pain, menstrual disturbances, and an enlarged abdomen. Other complications can be accompanied by signs and symptoms that lead to compression, such as nausea, vomiting, weight loss or increased frequency of urination, urinary retention due to cysts pressing on the ureteral tract which can cause hydronephrosis, compression of the rectum so that the patient is constipated and dyspnea, torsion, intestinal infection or obstruction, and constitute a surgical emergency (9, 10).

The patient in this case didn’t seek medical attention for years until these symptoms occur, which manifested as shortness of breath and abdominal pain. Transabdominal/transvaginal ultrasonography is the first radiologic examination used to diagnose an ovarian cyst (2). To support the diagnosis, preoperative investigations can be carried out by examination of tumor markers (CA-125), ultrasound scan, abdominal X-ray, computed tomography (CT) or magnetic resonance imaging scan (MRI) (11).

The main imaging modality for evaluating ovarian and adnexal masses is ultrasonography (US), which allows accurate identification in approximately 90% of cases. It has the advantage of being available, inexpensive, easy to perform (especially when in the hands of an experienced operator), and has no ionizing radiation (12).

This patient had an ultrasound examination, which indicated an adnexal mass on the right ovary, and a CT-scan was performed to further analyze this mass. A cyst may be classified as benign if at least one ultrasound feature of a benign mass (B-feature: unilocular cyst, presence of solid components where the largest component <7 mm, presence of acoustic shadowing Smooth multilocular tumour with largest diameter <100 mm, no blood flow) is present, and none of the ultrasound features of malignancy (10). CT scan of the abdomen revealed a giant septal and lobulated cyst (30.7 cm × 30.72 cm × 31.67 cm), oval-shaped, located in abdominal and pelvis and abdominal cavity. In complex, multiloculated cysts, the risk of malignancy increases up to 36% (4). Blood tests should be done to measure CA-125, LDH, alpha fetoprotein, and hCG; to evaluate the risk of malignancy (13).

To estimate the risk of malignancy, ultrasound features without CA-125 levels have been shown to have high sensitivity, specificity, and likelihood ratios. Malignant ovarian cysts account for over 10% of all gigantic ovarian cysts, and their signs and symptoms, especially in the early stages of the disease, are ambiguous and non-specific, necessitating the exclusion of this possibility in all cases of ovarian cysts (11, 14).

The surgical management of giant ovarian cystadenoma must pay attention to various factors, especially in the case of adolescents, where the operative strategy is to cure, and also maintain fertility in the patient. And during surgery, do not take the part where there is no cyst, and only do a cystectomy (9). The management approach is determined on the size of the cyst, the equipment available, and the surgeon’s level of skill. Many experts advise against aspirating the contents of the cyst because of problems such as infection, hemorrhage, cyst rupture, and a higher risk of peritoneal adhesion. An immediate complication to be feared when removing a giant ovarian cyst is the vacuum shock requiring a good preventive vascular filling (14, 15).


TABLE 1. | Short literature summary.
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Laparoscopy can be used as an option for diagnostic purposes. It can be useful in the differential diagnosis between ovarian tumors and other intra-abdominal cystic masses when imaging evaluation cannot determine the organ of origin. In addition, the tumor can be inspected and, when there are signs of malignancy (abnormalities, adhesions to adjacent structures, etc.), the surgeon may change the procedure to an open laparotomy. Laparoscopically in giant ovarian cysts, especially those that reach the umbilicus, there is a risk of perforation when the trocar is inserted (10). In this case report, open salpingo- oophorectomy was done, without any perioperative complications.



CONCLUSION

I have reported a case of ovarian cystadenoma in a 20-year-old woman who underwent a left salpingo-oophorectomy, while the right adnexa (tubal and ovary) are still maintained, and the organ condition is good. So that the reproductive function is still possible to get pregnant.

Extra-large benign and malignant cysts of the ovary are uncommon and involve diagnostic and management challenges. The most ovarian cysts occur during the hormonally active stages of growth of childhood and adolescence. Abdominal pain, distension, bloating, constipation, and vomiting are common symptoms caused by the compressive action of a giant ovarian cyst. The management approach is determined on the size of the cyst, the equipment available, and the surgeon’s level of skill. In this case report, open salpingo-oophorectomy was done, without any perioperative complications.
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Purpose: Vaginal cuff dehiscence (and evisceration) (VCD(E)) is an extremely rare and late-onset complication of total hysterectomy (TH). Limited evidence is available to guide clinicians in managing VCD(E). This study aimed to summarize the clinical characteristics of patients with VCD(E) treated in our center and share our experience in managing VCD(E).



Patients and methods: From 1983 to 2020, a total of 14 cases of VCD(E), including 10 cases in our hospital and 4 cases in other hospitals, were included. Medical records were reviewed to summarize the clinical features and management of VCD(E).



Results: The incidence of VCD(E) in our hospital was 10/46,993 (0.02%), and all 10 patients underwent laparoscopic hysterectomy. The median TH-to-VCD(E) interval was 3.13 months (8 days–27.43 months), and 11/14 (78.57%) patients experienced VCD(E) after coitus. The 3 major symptoms included abdominal pain in 11 patients, irregular vaginal bleeding in 8, and sensation of bulging or prolapsed organs in 4. Except for 2, most patients presented to our hospital within 72 h since the onset of the discomfort. All 14 cases were diagnosed through speculum examination: 3 had simple VCD, and 11 had VCDE. The protruding bowels of 4 patients were immediately manually repositioned in the emergency department without anesthesia. Regarding the surgical approach, 11 patients underwent simple transvaginal, 2 patients underwent laparoscopic-vaginal combined (transvaginal cuff closures), and 1 patient underwent laparoscopic. All but 1 patient did not undergo resection of the eviscerated organs. The median follow-up period was 39.33 (7.9–159.33) months. No patients showed any evidence of recurrence to date.



Conclusions: Laparoscopic hysterectomy is a risk factor for VCD(E), and early initiation of sexual intercourse is the most common trigger of VCD(E). Clinicians should educate patients to postpone sexual intercourse for at least 3–6 months after TH. Immediate medical attention and patient-specific surgical management are crucial to avoid serious complications.



Keywords: hysterectomy, laparoscopic hysterectomy, vaginal cuff dehiscence and evisceration, manual reduction, transvaginal cuff closure





INTRODUCTION

Total hysterectomy (TH) is one of the most common gynecological procedures (1) and is widely applied in various benign and malignant diseases. Genitourinary and gastrointestinal tract injury, bleeding, infection, and vaginal cuff dehiscence (VCD) are the most common complications of TH (2). In contrast to other complications of TH, VCD is an extremely rare and late-onset complication. VCD refers to the partial or full-thickness separation of the vaginal cuff (3). It is termed vaginal cuff dehiscence and evisceration (VCDE) when the intraperitoneal contents protrude from the cuff defect (4). The small bowel is the most frequently eviscerated organ, but evisceration of other organs, such as the sigmoid colon, greater omentum, appendix, and adnexa uteri (5), have also been reported. VCD is a rare and life-threatening condition that may lead to evisceration. The most common clinical presentations of VCD(E) are sudden lower abdominal pain and irregular vaginal bleeding. Patients with evisceration may also feel a bulging sensation or find the prolapsed organs.

Due to its low incidence, most reported cases are sporadic. Numerous studies have focused on the risk factors for VCD(E) and strategies to decrease its morbidity. Limited evidence is available to guide clinicians in managing VCD(E). Herein, we describe the clinical characteristics and management of 14 cases of VCD(E) treated in our hospital and share our original experience in the treatment of VCD(E).



MATERIALS AND METHODS

We searched and retrieved the medical records of patients who underwent TH and who were diagnosed with “VCD(E)” from 1983 to 2020 in the database of Peking Union Medical College Hospital (PUMCH). Data extracted from the medical records mainly included demographic and clinical characteristics of patients, details of hysterectomy and VCD(E), and management of VCD(E). Follow-up information was collected from the clinical database of PUMCH or through telephone interviews with patients. This study was approved by the Ethics Committee of PUMCH. Categorical variables are expressed as numbers and proportions, while continuous variables are described as medians and ranges. Statistical analysis was performed using SPSS version 25.0 (IBM SPSS Statistics).



RESULTS


Patient Characteristics

From 1983 to 2020, 46,993 patients underwent TH at PUMCH, and 10 (0.02%) experienced VCD(E) after laparoscopic hysterectomy (LH). In addition, 4 patients who had TH in other hospitals also experienced VCD(E) and were treated at PUMCH during this period. Therefore, 14 patients with VCD(E) were identified from the PUMCH database, and their medical records were reviewed. Demographic data of patients are detailed in Table 1. The patients’ median age was 46 years (31–55 years). The median body mass index (BMI) was 23.53 kg/m2 (18.29–25.71 kg/m2); 6 (42.86%) patients were overweight but not obese according to Chinese standards, and 2 of them had diabetes mellitus.


TABLE 1 | Demographic data of patients.
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Details of Total Hysterectomy

Three (21.43%) patients were menopausal before TH, and 6 (42.86%) underwent bilateral or unilateral oophorectomy during TH. Moreover, 5 patients received TH for benign diseases, 3 for precancerous lesions, 5 for malignancies, and 1 for prophylaxis and myoma. Among the 14 patients, 5 had a history of adjuvant therapy (3 of them for gynecological malignancy, and 2 of them for breast cancer). Regarding the surgical approach, only 1 patient (7.14%) underwent laparotomy with transabdominal cuff closure, 13 cases (92.86%) underwent laparoscopy, including transvaginal cuff closure (VCC) in 1 and laparoscopic cuff closure in 9; the other 3 were unknown (Figure 1 and Table 2). All the 10 patients who had LH at PUMCH underwent cuff closure with absorbable and continuous sutures. Information about TH in our study is presented in Table 2.


[image: Figure 1]
FIGURE 1 | The distribution of different types of TH and cuff closure.



TABLE 2 | Information about TH.
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Clinical Features and Management of VCD(E)

As shown in Table 3, the median TH-to-VCD(E) interval was 3.13 months (8 days–27.43 months). Eleven (78.57%) patients noted VCD(E) to be triggered by intercourse, 1 patient (7.14%) noted VCD(E) during brachytherapy and was asymptomatic, and the other 2 (14.28%) noted VCD(E) to be caused by strenuous activity. In our series, the 3 major symptoms, presenting separately or concurrently, included lower abdominal pain in 11, irregular vaginal bleeding in 8, and sensation of bulge or prolapsed organs in 4. All 14 cases were diagnosed through speculum examination: 3 cases had simple VCD, while 11 cases had VCDE. The prolapsed organs in 11 cases of VCD(E) included the bowel in 9 (81.82%) and omentum in 2 (18.18%). Since the onset of discomfort, most patients presented to PUMCH in a timely manner, with 9 patients presenting within ≤24 h (7 patients ≤6 h), 3 in >24 but ≤72 h, and 2 patients after >72 h. One patient experienced abdominal pain after intercourse, which spontaneously resolved approximately 3 h later. On the 11th day after the intercourse, she noticed a prolapsed bowel and was referred to the hospital. The other patient visited PUMCH on the 8th day after she experienced acute abdominal pain and found prolapsed tissue after coitus.


TABLE 3 | Clinical features and management of VCD(E).
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Protruding bowels in 4 patients were manually repositioned without anesthesia in the emergency department. Then, they underwent cuff closure under anesthesia in the operating room. In our institution, 11 patients underwent a simple transvaginal approach, 2 underwent a combined laparoscopic-vaginal approach, and 1 underwent a laparoscopic approach. Of the 11 patients with VCDE, only one patient underwent partial resection of the eviscerated omentum because of necrosis. Different surgeons chose different sutures and suturing methods, in which absorbable antibacterial Vicryl sutures (VCP358H and VCP518H) and continuous sutures (simple running or interlock) were predominantly used. Oral or intravenous prophylactic antibiotics were administered perioperatively to each patient to avoid infection. More details are provided in Table 3.



Follow-up

Two patients were lost to follow-up. The median follow-up period was 39.33 months (7.9–159.33 months). Eleven patients had an unremarkable postoperative course. One patient complained of vaginal spotting on postoperative day 11. She was identified as having partial knot slippage on the right side of the vaginal stump. Fortunately, the patient healed well after hemostasis and activity restriction. To date, there is no evidence of recurrence.




DISCUSSION


Risk Factors

Surgical wound dehiscence is a potential complication post-surgery. A conceptual framework underlying surgical wound dehiscence has been developed (6), comprising physiological factors (comorbidities and lifestyle) and mechanical (intraoperative and postoperative) factors. Given the unique functional and anatomical characteristics of the vagina, VCD(E) is a special type of surgical wound dehiscence. We categorized the risk factors for VCD(E) into three groups: external force on the vaginal cuff, patient factors (physiological or pathological), and TH-related factors. Vaginal trauma during coitus is the most common trigger of VCD(E) (1, 4). Transvaginal procedures can also lead to VCD(E), including transvaginal ultrasonography (7) and intracavitary brachytherapy (8). Patient factors include three aspects (9): (1) factors impairing stump healing such as infection, hematoma, low estrogen status, glucocorticoid use, and immunosuppressant use; (2) increased abdominal pressure, such as in coughing, constipation, and strenuous activity; and (3) other factors, including BMI, age, and smoking. TH-related factors are mainly the method of colpotomy, type of vaginal cuff closure, and adjuvant therapy after TH. Most factors that affect wound healing are universal, but some risk factors differ between VCD(E) and other surgical wounds. For instance, obesity, high BMI, and old age are risk factors for surgical wound dehiscence but are protective factors against VCD(E) (10). A reasonable explanation is that elderly women are more likely to have lower estrogen levels and less sexual activity (11). We speculated that obese women with a higher BMI have a better buffering force against vaginal trauma during coitus than thin women with a normal or lower BMI. In our series, 9 patients were ≤50 years of age, and none were obese. It is important to note that 11 patients developed VCD(E) post-coitally, and 2 patients developed VCD(E) after strenuous activity. Two patients had comorbid diabetes mellitus, and VCDE was found in one of these two during brachytherapy. Five patients received adjuvant therapy for malignancy. Each patient in our study had at least 1 risk factor for VCD(E). Multiple factors contribute to VCD(E) (12) and having more risk factors compounds a patient’s risk of VCD(E).

Being one of the most common gynecological interventions, TH can be performed in various ways. According to the surgical route of the procedure, TH is divided into transabdominal hysterectomy, vaginal hysterectomy, laparoscopic-assisted vaginal hysterectomy, laparoscopic hysterectomy (LH), and robotic hysterectomy. VCD(E) is possible from any type of TH, but its prevalence varies widely depending on the TH route (13). The influence of the surgical route and type of cuff closure on the incidence of VCD(E) has been discussed with conflicting theories. Many studies (10, 14) have pointed out a possibly higher rate of VCD(E) after minimally invasive procedures than after transabdominal hysterectomy and vaginal hysterectomy. Electrosurgical thermal energy and techniques, magnifying effects, shallow tissue bites (15), poor knot integrity (16), low surgeon laparoscopic expertise (17), and prolonged inflammatory phase (18) are responsible for the increased risk of VCD(E) in minimally invasive surgeries. In our study, 10 of 14 VCD(E) cases underwent TH at PUMCH, and all of these 10 cases had undergone laparoscopy. In other words, out of 46,993 cases of TH in PUMCH, only 10 cases of LH experienced VCD(E) postoperatively, suggesting that LH was associated with a higher rate of VCD(E). To date, VCD(E) remains a rare event. Laparoscopic techniques have undergone rapid development over the last 30 years. Although some patient factors attributed to VCD(E), including age and low estrogen status, cannot be improved perioperatively, we still believe that optimal perioperative management and improvement of surgical skills are of greater value to the prevention of VCD(E).



Clinical Features

The clinical presentation of VCD(E) could be abdominal pain, vaginal bleeding, vaginal discharge, and a sensation of a bulge yet free from any discomfort (4). Notably, evisceration could be observed in approximately one-third to more than half of VCDs, and up to 30% of VCD(E)s eventually undergo bowel resection. The severity of VCD(E) depends on the eviscerated organs, condition and duration of evisceration, and whether it is accompanied by serious complications, such as ileus, bowel necrosis, peritonitis, shock (hemorrhagic or septic), pneumoperitoneum (19), and pneumomediastinum (20). Of the 14 cases, 11 (78.57%) were accompanied by evisceration. Necrosis of the omentum only progressed in one case, and it was due to a late medical consultation. To address omentum necrosis, doctors performed partial omentectomy by laparoscopy. Nine of the 11 patients with VCDE had bowel protrusion from the split cuff. With timely medical consultation and intervention, none of the 9 patients developed incarceration, ischemia, or necrosis, and they all recovered without the need to remove the prolapsed bowel.



Diagnosis and Treatment

Normal wound healing is a complicated process comprising hemostasis (begins immediately after injury), inflammation (starts shortly thereafter), proliferation (begins within days), and remodeling (lasts for several months to a year) (18, 21). The healing wound attains about 40% of its final strength in the first month, and the wound strength continues to increase for as long as a year after injury, but multiple factors affect and interfere with the healing process. Different types of sutures have different complete absorption time, meaning they support wound healing for different periods (22). The tensile strength of sutures, suturing approach, and surgeon’s experience may also affect the reliability of the closure, meaning that complete vaginal cuff healing varies. Early resumption of intercourse may be associated with incomplete vaginal cuff healing, especially in young adults (23).

VCD(E) typically occurs within the first 3 months postoperatively, but sporadic cases of VCD(E) have been historically reported as early as 3 days (24) and as late as 30 years (25) after TH. Consistent with published literature, the median TH-to-VCD(E) interval was 3.13 months in our study; half of the patients experienced VCD(E) within 3 months. The recommended time to resume sexual activities after TH was approximately 8 (13, 26) to 12 weeks (26) in the literature. Based on our experience, we suggest that patients resume normal sexual activities at least 3–6 months after TH.

A gynecologist should inform patients about the risk of VCD(E) after TH. Once patients present with symptoms related to VCD(E), medical advice should be provided at once. On the other hand, if patients present with complaints after TH, doctors should promptly conduct a medical history and physical examination. VCD(E) is a clinical diagnosis (13, 27) that should be made based on a history of TH and vaginal examination. Notably, people who underwent TH for obstetrical reasons could also experience VCD(E) (28). Early recognition of VCD(E) is imperative as it allows clinicians to implement effective treatments and is critical to preventing serious complications. In our study, most patients visited hospitals promptly as they experienced discomfort and were well managed immediately.

The therapeutic regimen should be tailored to each patient’s condition and surgeon’s judgment. On speculum and abdominal examination, if patients are diagnosed with VCD(E) and without evidence of secondary injury and peritonitis, efforts should be made to reduce the eviscerated organs as soon as possible. In our case series, after noting that the herniated bowel was ruddy and peristalsis was good, the protruding bowels of 4 of 11 VCDE patients were smoothly repositioned to the peritoneal cavity with a warm-wet gauze pad without anesthesia in the emergency department. Vaginal bowel reduction has been reported in several studies (5, 29, 30); however, our study may be the first to propose repositioning of prolapsed organs without anesthesia in the emergency department. Although manual bowel reduction without anesthesia may be slightly painful for patients, it still has numerous benefits. First, it can immediately free the patients from bulges. Second, it can provide a clear visualization for subsequent transvaginal procedures. Finally, it can reduce the likelihood of ischemia and necrosis of the eviscerated organs to some extent.

Conservative treatment can be an alternative option when a patient is medically stable with a partial VCD and without evisceration. It mainly involves hemostasis (hemostatic and local compression), activity restriction, and prophylactic antibiotics. Zoë Boersen et al. (1) reported two cases that were successfully managed conservatively. Notably, if the patient’s condition worsens, surgical intervention should be considered. Emergency cuff closure is mandatory in most cases. To date, no consensus has been reached regarding the optimal approach to separate cuff closure. Historically, VCD(E) was an indication for emergency surgery and suggested laparotomy (4). Subsequently, various techniques have been introduced (13), such as the transvaginal, laparoscopic, and combined abdominal-vaginal or laparoscopic-vaginal approaches. In our institution, 11 patients underwent a transvaginal approach, 2 patients underwent a combined laparoscopic-vaginal approach, and 1 patient underwent a laparoscopic approach. In case No.1, the serosal surface of the sigmoid colon adhered to the vaginal stump and continued with the top of the anterior vaginal wall. To decompress adhesion and repair the vaginal stump with good visualization, gynecologists converted from a transvaginal approach to a laparoscopic approach. A combined laparoscopic-vaginal approach was adopted in the other two, both of which underwent VCC. In case No.10, laparoscopy was performed at the end of VCC to confirm the integrity of the bladder using the methylene blue test. In case No.14, gynecologists conducted laparoscopy to resect a part of the necrotic omentum and bilateral ovaries preserved in the previous surgery. Importantly, the treatment strategy should be patient-specific. In medically stable patients who are free of any complications, vaginal repair is appropriate (5); it is economically prudent and avoids an extra surgical incision. In the case of women with a very narrow vagina or massive obesity (31), transvaginal procedures are challenging because of the limited visual fields. Laparoscopy has more advantages for recurrent VCD. Gerard-Peter reported a technique for laparoscopic repair using an omental flap (32). This approach allows the inspection of the peritoneal cavity and improves poor tissue vascularity. Certainly, when there is a need to excise the necrotic bowel or when there is a suspicion of peritonitis or intraperitoneal hematoma, an abdominal approach is appropriate (32, 33).



Other Interventions

Prophylactic antibiotics should be administered to patients with VCD(E) to prevent infections (32). For hemodynamically unstable patients, timely and aggressive fluid resuscitation and blood transfusion play a vital role in prognosis. One patient in our cohort progressed to hemorrhagic shock and received a blood transfusion containing 10 units of red cell suspension and 1,200 mL fresh frozen plasma intraoperatively. Finally, the patient recovered well. Intraoperative placement of a vaginal drainage tube is essential when patients present with heavy vaginal discharge. If there is any possibility of bladder injury, creatinine level of the discharge or methylene blue test could be used to verify the integrity of the bladder. Notably, these two methods are simple and less invasive than cystoscopy. To restore well-vascularized tissue, debridement of the necrotic tissue of the vaginal cuff is necessary (34). Pathological examination was conducted in one patient in our cohort, revealing no particular lesions other than acute and chronic inflammation, similar to previous reports (10, 34). Jennifer K (18) compared the vaginal cuff specimens of VCD(E) with those of non-VCD(E) patients and found that VCD demonstrated dramatically higher levels of inflammatory cells. A prolonged inflammatory phase was reported to possibly delay the healing of the vaginal cuff because it slows normal progression to the reparative state and collagen remodeling (18). Considering these findings, pathological examination of the excised cuff tissue is valuable and will be essential for exploring the relationship between inflammation and VCD(E) in the future. Multidisciplinary cooperation also plays a key role in the management of VCD(E). It primarily involves the General Surgical Department, Blood Transfusion Department, Emergency Operating Room, and Anesthesiology Department.

The strength of the present study is that it shares our unique experience and suggests new, less invasive and individualized treatment approaches for VCD(E). Considering the extremely low incidence of VCD(E) and mature surgical techniques for TH, prompt management bears more importance than the prevention of VCD(E). The limitations of this study are consistent with those of previous studies. Our study was retrospective, and although the sample size was large, it is still limited. A large number of cases and a longer follow-up period in future studies are needed to validate the utility of our suggestions.




CONCLUSION

LH is a risk factor for VCD(E), and early resumption of sex after TH is the most common trigger of VCD(E). Clinicians should educate patients to postpone coitus for at least 3–6 months after TH. Timely medical attention and patient-specific surgical management are crucial to avoid serious complications. Manual reduction of eviscerated organs without anesthesia in the emergency department, along with VCC, is feasible and minimally invasive.
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Background: To investigate the influence of HbA1c level and GWG on pregnancy outcomes in pregnant women with GDM.

Methods: A total of 2,171 pregnant women with GDM were retrospectively included and categorized as follows: (1) normal (HbA1c <6%) and elevated (HbA1c ≥6%) HbA1c groups according to the HbA1c level in the second trimester, and (2) inadequate, appropriate, and excessive GWG groups according to the IOM guidelines.

Results: In pregnant women with GDM, advanced age and high pre-pregnancy BMI were high-risk factors for elevated HbA1c. Pregnant women with elevated HbA1c had higher OGTT levels than those with normal HbA1c, and the risks of adverse pregnancy outcomes were higher (P < 0.05). The risks of primary cesarean section, hypertensive disorders during pregnancy, and macrosomia in pregnant women with excessive GWG were significantly higher than those with inadequate and appropriate GWG (P < 0.05). When GWG was appropriate, the risk of hypertensive disorders during pregnancy in the elevated HbA1c group was higher than that in the normal HbA1c group. When GWG was excessive, the risks of postpartum hemorrhage, macrosomia, and neonatal asphyxia in the elevated HbA1c group were significantly higher than in the normal HbA1c group (P < 0.05).

Conclusion: Monitoring and controlling blood glucose levels have shown effectiveness in reducing the adverse pregnancy outcomes in women with GDM, particularly for those who had excessive GWG.

Keywords: gestational diabetes mellitus, glycated hemoglobin, gestational weight gain, pregnancy outcomes, HbA1c


INTRODUCTION

Gestational diabetes mellitus (GDM) refers to diabetes that appears or is diagnosed during pregnancy in women with normal glucose metabolism or potentially impaired glucose tolerance before pregnancy (1). With the improvement of living standards and the popularization of screening for gestational diabetes, the prevalence of GDM has been increasing over the years (2–4). It has become one of the main pregnancy complications that endanger the health of mothers and babies (5, 6). GDM not only increases the risk of adverse perinatal outcomes, such as macrosomia, intrauterine growth restriction, fetal malformation, neonatal respiratory distress syndrome, neonatal hypoglycemia, and so on, but also causes long-term complications in the offspring, including hypertension and type 2 diabetes (7–11).

Glycated hemoglobin (HbA1c) reflects average blood glucose levels during the preceding 8–12 weeks. As the gold standard for assessing long-term glycemic control, it has been widely used in blood glucose monitoring and management of people with diabetes. The increase in HbA1c levels is closely related to the adverse pregnancy outcome (12). In addition, the gestational weight gain (GWG) of pregnant women with GDM also has an important impact on the perinatal outcomes (13). In 2009, the American Institute of Medicine (IOM) formulated a reasonable range of GWG for pregnant women with different pre-pregnancy BMI values. It is indicated that the HbA1c level above 5% in the third trimester of pregnancy and excessive GWG are both risk factors for neonatal complications in women with gestational diabetes (14). However, in China, a few large-scale studies have focused on the effect of HbA1c on the outcomes in GDM, let alone prospective research about the effect of GWG on the pregnancy outcomes with different HbA1c levels.

This study retrospectively included 2,171 pregnant women with GDM, and aimed at exploring the effects of second-trimester HbA1c levels on pregnancy outcomes of GDM and analyzing the role of GWG on the pregnancy outcomes with different HbA1c levels, thus providing the basis for precise intervention and personalized, risk-stratified weight management for gestational diabetic women with different HbA1c levels.



MATERIALS AND METHODS


Study Design and Data Sources

A retrospective collection of pregnant women with GDM who had undergone regular antenatal checkups and gave birth at the Women's Hospital School of Medicine Zhejiang University from 1 July 2017 to 30 June 30 2018. Inclusion criteria were as follows: (1) diagnosis of GDM in the second trimester using the oral glucose tolerance test (OGTT); (2) singleton pregnancy; (3) gestational age at birth ≥28 weeks; and (4) complete medical records. Exclusion criteria were as follows: (1) coupled with pre-gestational diabetes; (2) coupled with chronic hypertension, or diseases of the liver, kidney, heart, lung, and other major organs, or coupled with tumors; (3) coupled with Sjogren's syndrome, anticardiolipin syndrome, or other autoimmune diseases. A total of 2,352 pregnant women met the inclusion criteria. After the application of the exclusion criteria, a total of 2,171 cases were eventually included in this study (Figure 1).


[image: Figure 1]
FIGURE 1. Participant flowchart.


The relevant information regarding the pregnant women was retrieved through the electronic medical record system of the Women's Hospital School of Medicine, Zhejiang University, which included pregnant women's age, height, pre-pregnancy weight (within 1 month before pregnancy), gestational weight gain, pregnancy parity, OGTT value (fasting, 1 h, and 2 h after oral glucose load), second-trimester glycated hemoglobin level, mode of delivery, gestational age at birth, birth weight of newborn, and pregnancy complications, such as hypertensive disorders during pregnancy (including gestational hypertension, preeclampsia, and eclampsia), placental abruption, postpartum hemorrhage, intrahepatic cholestasis of pregnancy, neonatal asphyxia, etc.

The study was approved by the Human Ethics Committee at Women's Hospital, School of Medicine, Zhejiang University.



Measurements and Calculations

The normal glucose values of fasting, 1-h and 2-h 75-g OGTT, according to IADPSG criteria, were <5.1 mmol/ L, 10.0 mmol/L, and 8.5 mmol/L, respectively (15). Any abnormal blood glucose level should be diagnosed as GDM. Body mass index (BMI) is defined as weight divided by the square of height (kg/m2). GWG (kg) is the difference between the weight before delivery and the weight before pregnancy. According to the 2009 IOM guidelines in the United States, the suggested GWG is 12.7–18.1 kg, 11.3–15.8 kg, 6.8–11.3 kg, and 5.0–9.1 kg for pregnant women with pre-pregnancy BMI categorized as underweight (BMI < 18.5 kg/m2), normal weight (BMI: 18.5 kg/m2−24.9 kg/m2), overweight (BMI: 25.0 kg/m2−29.9 kg/m2), and obese (BMI ≥ 30.0 kg/m2), respectively. One is considered to have inadequate GWG or excessive GWG if the GWG is less than or exceeding the appropriate value, respectively.

Gestational hypertension is the first incidence of high blood pressure at ≥20 weeks of gestation, with a systolic blood pressure of 140 mmHg and/or diastolic blood pressure of 90 mmHg in the absence of proteinuria or new signs of end-organ dysfunction. Preeclampsia is defined as a combination of one or more of the following conditions based on the diagnosis of gestational hypertension: proteinuria or other target organ dysfunction or uteroplacental function obstacle. Meanwhile, eclampsia is a seizure that occurs as a result of preeclampsia and cannot be explained by other factors. Placental abruption occurs when the placenta in its usual location becomes partly or totally separated from the uterine wall before the fetus is born after 20 weeks of pregnancy or during labor. Postpartum hemorrhage is defined as bleeding more than 500 ml after vaginal birth or more than 1,000 ml after cesarean delivery within 24 h of the birth of the fetus. Intrahepatic cholestasis of pregnancy is a pregnancy problem that manifests clinically as skin pruritus and increased bile acids in the second and third trimesters. The primary cesarean section is defined as the section that is performed on women who never had a cesarean delivery before. The neonatal Apgar score is presently used to diagnose newborn asphyxia, which is based on five indicators measured at 1 min after birth: heart rate, breathing, muscular tone, laryngeal reflex, and skin color. The normal score is 8–10 points, moderate asphyxia is given 4–7 points, and severe asphyxia is given 0–3 points. Macrosomia is defined as newborns with a birth weight ≥4,000 g.



Statistical Analysis

The data of the normal distribution were expressed as x ± s, and the difference between the means of the two groups was analyzed by the t-test. Count data were expressed in frequency and rate, and the difference between groups was compared using the chi-squared (χ2) test. Multivariate logistic regression analysis was performed to evaluate the effect of glycated hemoglobin and GWG on pregnancy outcomes in pregnant women with GDM, while Fisher's exact test was used to examine the effect of GWG on the pregnancy outcomes of groups with different levels of HbA1c. A p-value of 0.05 or less was considered to be statistically significant. All statistical analyses were done using SPSS Statistics 25.0. Power analysis for total population and high HbA1c group was shown in Figures 2, 3.


[image: Figure 2]
FIGURE 2. Power analysis for total population.
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FIGURE 3. Power analysis for high HbA1c group.





RESULTS


Comparison of General Clinical Characteristics and Pregnancy Outcomes in Two Groups With Different Glycated Hemoglobin Levels

We analyzed the risks factors of adverse pregnancy outcomes between groups with normal and elevated HbA1c levels. The results showed that the age, pre-pregnancy BMI, OGTT blood glucose level, primary cesarean section, and newborn's birth weight were significantly higher in the pregnant women of elevated HbA1c group when compared to those of the normal group, while the gestational age at birth was found to be decreased (P = 0.031, P = 0.000, P = 0.000, P = 0.016, P = 0.004, respectively). Meanwhile, the risk of hypertensive disorders during pregnancy, postpartum hemorrhage, placental abruption, neonatal asphyxia, and macrosomia was also significantly higher in the elevated HbA1c group (P = 0.007, P = 0.018, P = 0.044, P = 0.000, P = 0.004) (Table 1).


Table 1. Comparison of general clinical characteristics and pregnancy outcomes between two groups with different glycated hemoglobin levels.
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Comparison of Pregnancy Outcomes in Gestational Diabetic Women With Different Gestational Weight Gain During Pregnancy

By comparing the incidence of pregnancy outcomes among the three groups with different gestational weight gain, we found that the risks of hypertensive disorders during pregnancy, macrosomia, and primary cesarean section were significantly higher in the GDM women of the excessive GWG group when compared to those of inadequate and appropriate GWG groups (P = 0.000) (Table 2).


Table 2. Comparison of pregnancy outcomes in gestational diabetic women with different weight gains during pregnancy.
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The Influence of HbA1c and GWG on Pregnancy Outcomes in GDM Women

Through multivariate logistic regression analysis, we found that high HbA1c levels increased the risk of primary cesarean section, hypertensive disorders during pregnancy, and macrosomia. GDM women with more GWG have been shown to be at increased risk of primary cesarean section, intrahepatic cholestasis of pregnancy, and macrosomia. The differences were found to be statistically significant (P < 0.05) (Table 3).


Table 3. Influence of glycated hemoglobin and gestational weight gain on pregnancy outcome of pregnant women with GDM.
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The Effect of Gestational Weight Gain on Pregnancy Outcomes in Different Groups of HbA1c

When pregnant women with GDM had inadequate GWG, there was no significant difference in the risk of hypertensive disorders during pregnancy, postpartum hemorrhage, placental abruption, macrosomia, and neonatal asphyxia between the normal and elevated HbA1c groups. However, the risk of hypertensive disorders during pregnancy in the elevated HbA1c subgroup was significantly higher in the appropriate GWG group (P = 0.032). In addition, in the excessive GWG group, the incidence of postpartum hemorrhage, neonatal asphyxia, and macrosomia was also significantly higher in the elevated HbA1c subgroup than in the normal HbA1c subgroup (P = 0.009, P = 0.044, P = 0.027, P = 0.003) (Table 4).


Table 4. Effect of gestational weight gain on the pregnancy outcomes of different groups based on HbA1c levels.
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DISCUSSION

The second-trimester HbA1c value ≥6% and gestational weight gain exceeding the IOM recommendations were risk factors for adverse pregnancy outcomes in pregnant women with gestational diabetes. In this study, we noted a significantly increased risk of adverse pregnancy outcomes among pregnant women with GDM in the elevated HbA1c group and excessive GWG group compared to those in the normal HbA1c group and appropriate and inadequate GWG groups, respectively. Moreover, GDM women with both high HbA1c levels and excessive GWG had a higher risk of postpartum hemorrhage, neonatal asphyxia, and macrosomia.

Gestational diabetes is one of the most common complications of pregnancy (5). In addition to the short-term risks during pregnancy and childbirth, the risk of long-term adverse outcomes in women with gestational diabetes and their offspring, such as diabetes, obesity, cardiovascular and metabolic diseases, disorders of blood glucose regulation in children and adolescents, and other metabolic syndromes, also increased significantly (10, 11, 16, 17). Therefore, targeted intervention strategies and measures to prevent the occurrence and development of GDM in high-risk groups, along with further management and control of hyperglycemia and weight during pregnancy, are vital to improving the glucose metabolism of women and their offspring, thus reducing the risk of cardiovascular and metabolic diseases.

Although OGTT is the gold standard for the effective diagnosis of gestational diabetes at present, it is susceptible to short-term lifestyle changes, such as diet and activity before the test. HbA1c is a class of stable compounds in which glucose is covalently bonded to the N-terminal valine residues of the β-chain of hemoglobin (18). It can accurately reflect the long-term blood glucose levels over the past 2–3 months and is not easily affected by short-term fluctuations in the blood glucose concentration, and thus it is used as an indicator in the diagnosis and monitoring of diabetes (19). In addition, blood can be collected at any time to measure HbA1c levels. This is typically a non-fasting test and no special preparation is needed, and the diagnosis can be made on the day of treatment (20). Therefore, the role of HbA1c in the management of gestational diabetes has received increasing attention. It is not only a core indicator for the evaluation of hypoglycemic efficacy, but is also an indispensable indicator in the development of clinical trials related to gestational diabetes-related pregnancy outcomes (21). Studies have shown that elevated first- or second-trimester HbA1c levels are associated with adverse pregnancy outcomes (21, 22). The Classification of Diabetes Mellitus issued by the World Health Organization in 2019 recommends the use of HbA1c to diagnose diabetes in countries and regions where equipment is available, and the HbA1c cut-off point for the identification of diabetes is ≥6.5%. According to the ADA's 2016 Standards of Care, under ideal circumstances, the HbA1c value of <6% (42 mmol/mol) is optimal during pregnancy, if it can be achieved without significant hypoglycemia (23). Therefore, we set the cut-off value of 6% for HbA1c grouping in this study based on the above-mentioned criteria. Based on this cut-off value, our study found that pregnant women with GDM in the elevated HbA1c group in the second trimester of pregnancy had a significantly higher risk of gestational hypertension, postpartum hemorrhage, placental abruption, neonatal asphyxia, and macrosomia when compared to those of the normal HbA1c group.

In pace with the improvement of living standards and attaching importance to nutrition during pregnancy, recently, researchers have been paying more attention to the appropriate GWG in perinatal health care. For instance, the 2009 IOM revised guidelines for gestational weight gain provide clinicians with a practical basis. The guidelines recommend an optimal amount of GWG for pregnant women according to pre-pregnancy BMI (underweight, normal weight, overweight, and obese) (24). Although some domestic scholars have taken the differences between Chinese and western women in terms of body shape, dietary structure, cultural beliefs, and practices of pregnancy into account and thereby formulated the range of GWG according to the classification of Chinese adult BMI (25), Rebecca F Goldstein et al. (26) conducted a meta-analysis of more than one million pregnant women with gestational diabetes and found that the IOM guidelines were applicable to the pregnant women of the United States, Western Europe, and East Asia. Therefore, GWG was still categorized according to the IOM recommendations in this study. Several studies have previously shown that GWG is associated with gestational diabetes. Qi et al. (27) analyzed 8,356 pregnant women and found that excessive weight gain in the first and second trimester of pregnancy is a high-risk factor for gestational diabetes. Moreover, a large number of studies have shown that excessive GWG is a risk factor for various adverse maternal and infant outcomes in pregnant women with diabetes (28, 29). Research by Kim et al. (30) demonstrated that excessive weight gain during pregnancy is an independent predictor of the occurrence of fetal macrosomia, while appropriate GWG reduces the occurrence of fetal macrosomia in pregnant women with gestational diabetes by one-third. Xueqin Zhang et al. (31) pointed out that excessive weight gain in the second trimester of pregnancy is a high-risk factor for large-for-gestational-age (LGA) infants, whereas excessive weight gain in the third trimester of pregnancy is a high-risk factor for preeclampsia and cesarean section. A systematic review conducted by Rebecca F Goldstein et al. (29) reported that inadequate GWG is a high-risk factor for small-for-gestational-age (SGA) infants. Our study showed that excessive GWG is a high-risk factor for primary cesarean section, hypertensive disorders during pregnancy, and macrosomia, which is consistent with the previous research reports. In view of this, it is apparent that appropriate weight management during pregnancy is also crucial for improving perinatal outcomes.

In general, weight management during pregnancy plays an important role in reducing adverse pregnancy outcomes. However, a few studies were conducted at home and abroad to determine whether weight management during pregnancy can still work for gestational diabetic women with elevated HbA1c levels. Lise L. Kurtzhals et al. (32) revealed that the pregnant women with GDM who gained excessive weight had a significant increase in HbA1c in the third trimester and a significant increase in newborn birth weight, compared to patients with well-controlled weight gain. In pregnant women with strict weight control, HbA1c in the third trimester of pregnancy was significantly reduced without increasing the incidence of SGA infants. Combined with prior results, we speculated that GWG and HbA1c levels might have an interactive effect on the pregnancy outcomes in pregnant women with gestational diabetes. Therefore, we analyzed the influence of HbA1c on pregnancy outcomes in each group of pregnant women with stratification of GWG. The results showed that when the GWG was inadequate or appropriate, there was no significant difference in the risk of postpartum hemorrhage, placental abruption, neonatal asphyxia, and macrosomia between the two groups of pregnant women with GDM. However, among pregnant women with excessive GWG, the risk of postpartum hemorrhage, neonatal asphyxia, and macrosomia in the elevated HbA1c group was significantly increased. In addition, even if the GWG was appropriate, the risk of hypertensive disorders during pregnancy in the elevated HbA1c group was still higher than that observed in the normal HbA1c group. Therefore, it is confirmed that appropriate weight management during pregnancy is essential. Moreover, monitoring and controlling of the blood glucose levels may reduce the risk of adverse pregnancy outcomes among those GDM women who had excessive GWG. We recommend that HbA1c should also be considered as an important indicator of glycemic control for GDM women, particularly for those who gained excessive weight during pregnancy, to further reduce the occurrence of adverse pregnancy outcomes.

However, our study has some limitations. First, given that it is a retrospective study, selection and recall bias was inevitable. Second, the population included in this study was pregnant women attending the Women's Hospital School of Medicine, Zhejiang University, and the sample suggests a lack of representativeness. In addition, the sample size was inadequate, as there were only 49 pregnant women with GDM in the elevated HbA1c group. Moreover, the lack of data on HbA1c levels in the third trimester of pregnancy made it impossible to study the effect of gestational weight gain on this parameter. The above-mentioned deficiencies need to be addressed in further follow-up research.

In summary, the second-trimester HbA1c level is an important indicator for predicting adverse pregnancy outcomes in pregnant women with gestational diabetes, and therefore should be taken into account in the regular obstetric examination. Meanwhile, weight management during pregnancy significantly improves pregnancy outcomes, and reasonable weight gain suggestions should be given to the pregnant women in the first trimester of pregnancy based on pre-pregnancy BMI. For pregnant women with GDM who gained excessive weight during pregnancy, it is particularly necessary to conduct obstetric examination and follow-up education, monitor and control blood glucose levels, and strictly manage the weight during pregnancy, in order to further reduce the occurrence of adverse pregnancy outcomes.
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Placenta accreta spectrum (PAS) refers to the abnormal invasion of trophoblastic tissues. Because of its increasing morbidity and possibility of catastrophic outcomes, PAS requires an antenatal diagnosis and making full preparations in advance to realize safe delivery. Current clinical screening modalities for PAS are not always conclusive. Recently, it has been reported that bio-markers detected in maternal serum have the potential for predicting PAS during pregnancy. Some of these biomarkers, such as β-hcg, AFP, PAPP-A, and cffDNA, can be clinically detected. It is convenient for us to test and compare with standard threshold. However, how can we distinguishing PAS from other pregnancy complications through these biomarkers remains complicated. Some biomarkers are specific, such as microRNA and placenta-specific mRNA. They are stability and reliability. These biomarkers are currently research hotspots. This study aims to summarize the characteristics of the newly reported biomarkers and to point out their potential application and current limitations to provide a basis for future research. Finally, the combination of imageological examination and biomarkers will be an attractive future theme to study in diagnosing this challenging condition.
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INTRODUCTION

Placenta accreta spectrum (PAS) refers to the penetration of trophoblastic tissues through the decidua basalis into the uterine myometrium, uterine serosa or beyond, extending to the parametrium or the adjacent pelvic organs. PAS is classified depending on the degree of invasion, as placenta adherenta or creta (PC), placenta increta (PI), or placenta percreta (PP) (1). The prevalence of PAS in studies published between 1982 and 2018 ranged from 1 in 100 to 1 in 10,000. The incidence of PAS has been increasing over the past several decades, and can be attributed to the history of cesarean section (CS), previous placenta accreta, placenta previa, maternal age, IVF pregnancies, and Maternal obesity (2, 3).

Women with placenta increta and percreta have a considerably high risk of surgical morbidity and mortality. The adverse pregnancy outcomes (APOs) caused by PAS including the following:(i) Hemorrhage is one of the major complications, and the surgical blood loss could be up to several liters, possibly leading to disseminated intravascular coagulation (DIC), shock, and even death. (ii) Hysterectomy and urinary tract injury are other common outcomes, which may have a profound influence on women's long-term life quality. All these terrible outcomes harm both the women's mental and physical health (4).

An antenatal diagnosis of PAS and identifying the type of PAS can provide time for preoperative management. Preoperative coordination with protocol-based interdisciplinary care could optimize intraoperative and postoperative outcomes. Being fully prepared with enough blood, hemostatic and oxytocic drugs, prophylactic positioning of balloon vascular catheters, placement of ureteric stents preoperatively, and autologous cell salvage equipment can also reduce APOs and minimize manual interventions (5, 6). In the UK, a cohort study demonstrated that antenatal diagnosis was associated with reduced levels of hemorrhage (median estimated blood loss 2,750 vs. 6,100 ml, p = 0.008) and a reduced need for blood transfusions (59 vs. 94%, p = 0.014) (7).

In recent years, it has been reported that a variety of biomarkers are associated with PAS. Because ultrasound and MRI do not provide a sufficient diagnosis for PAS, biomarkers of PAS might be clinically useful. This review aims to discuss some of the recent advances in these biomarkers.



BIOMARKERS


Alpha-Fetoprotein (AFP)

Maternal serum alpha-fetoprotein (MS-AFP) is a glycoprotein comprising an α-globulin of 591 amino acids and a partial carbohydrate. MS-AFP is synthesized by the yolk sac during early pregnancy, and later by the fetal gastrointestinal tract and liver, which is the main source throughout the rest of the pregnancy. AFP is transported to maternal serum through the placenta or by diffusion across fetal membranes. As a result, AFP is the principal serum binding protein in the fetus. As a second-trimester biochemical marker, MS-AFP has been widely applied for prenatal screening in practice. High or low MS-AFP suggests a high risk of fetal open neural tube defects (ONTDs) or chromosomal aneuploidy (8).

In recent years, new researchers found that elevated AFP levels associated with PAS. Because of early placental vascular damage, MS-AFP may be more absorbed into maternal blood flow. A retrospective case-control study in Israel confirmed this viewpoint. Berezowsky et al. observed that each individual PAS group had a higher median MS-AFP of median (MoM) than the controls (p = 0.033) in the second trimester. They also calculated that the receiver operating characteristics (ROC) area under the curve (AUC) of the AFP area was 0.573 (95% CI 0.515–0.630, p <0.0274) and a cut-off value above 0.99 MoM demonstrated a sensitivity and specificity of 71 and 46%, respectively, for the prediction of PAS (9). Furthermore, increased second trimester MS-AFP levels can also independently predict PAS requiring hysterectomy among women with placenta previa totalis in a previous study. In a retrospective review of 316 pregnant women whom identified as cases of placenta previa totalis, Oztas et al. found that MS-AFP levels were significantly higher in second-trimester screenings of patients with PAS requiring hysterectomy (p < 0.001). The predictive AUC of ROC was 0.742 (95% CI: 0.505–0.979). The best MS-AFP cut-off value was 1.25 Mom, with 85.94% sensitivity and 71.43% specificity (p = 0.036). A multivariate logistic regression analysis was carried out to verify that MS-AFP was an independent predictor of PAS requiring hysterectomy [odds ratio (OR) = 25.329, 95% CI:1.487–43.143, p = 0.025] (10).

AFP is wildly applied in clinical treatments, including monitoring specific types of cancer and screening for fetal malformation. This implies that AFP testing methods are mature and its price is affordable, which makes screening for PAS convenience. However, even though MS-AFP has been shown to be a predictable factor of PAS in the second trimester and can also independently predict PAS requiring hysterectomy, the following restrictions remain: (i) Until now, few articles have demonstrated the relationship between MS-AFP and PAS, and this relationship's reliability and accuracy are insufficient. (ii) Whether MS-AFP can predict PAS in the first trimester or whether MS-AFP can predict other PAS-associated complications remains unknown. (iii) In addition, the cut-off value of MS-AFP to distinguish PAS varied across studies; thus, further prospective studies with larger populations are needed to find an exact cut-off value. (iv) Because MS-AFP is influenced by several factors, including fetal abnormalities and other types of placental abnormalities, these factors must be considered in future studies to reduce bias. Therefore, significant work remains to apply MS-AFP in practice to predict PAS.



Human Chorionic Gonadotropin (hCG)

A glycoprotein composed of 244 amino acids and with a molecular mass of 36.7 kDa. hCG is produced by the syncytiotrophoblast and maintains pregnancy by stimulating progesterone synthesis by the corpus luteum. Furthermore, HCG is a heterodimeric molecule composed of an alpha subunit that is identical to several hormones and a beta (β) subunit that is unique. In normal pregnancies, maternal circulating concentrations of ß-hCG show an increase from 9 to 11 weeks of gestation, followed by a decline thereafter. β-hCG is also synthesized by the fetal kidney and fetal liver. Free β-hCG promotes angiogenesis, and cytotrophoblast differentiation, and blocks the phagocytosis of invading trophoblastic cells, immunosuppression and blocks the phagocytosis of invading trophoblast cells (11).

Research has shown that β-hCG maternal serum levels are differential in cases of PAS during gestation. A team in Taiwan first reported this phenomenon in 1999, noting that abnormally elevated second-trimester free β-hCG levels were a risk factor for placenta accrete, and placenta previa (11). In 2015, in a prospective observational cohort study, Thompson et al. obtained maternal serum of 516 pregnancies, including 344 normal controls, 17 with abnormally invasive placentation (AIP) and 155 placenta previa cases in the first trimester. They demonstrated a median free β-hCG MoM of 1.04 in the control group, and 1.08 (p = 0.859) in the placenta previa group compared to 0.81 in the AIP group (p = 0.06), which suggested the relationship between PAS and β-hCG (12). Another study in Turkey arrived at the same conclusion. When Buke et al. found that patients with placenta accreta had higher statistically significant serum fβ-hCG MoM (1.42 vs. 0.93, respectively, p = 0.042) values than patients without accreta in the first trimester (13). In another study, which evaluated the association between second trimester biochemical markers and pathological placentation for hCG, the AUC was 0.662 (95% CI 0.605–0.715, p < 0.0001), and the cut-off value of 1.25 MoM demonstrated a sensitivity and specificity of 53 and 68%, respectively (9). All of these studies confirmed the association between β-hCG and PAS. Currently, serum β-hCG levels are wildly used in clinical practice, including identifying the pregnancy, monitoring embryo changes, suggesting certain types of cancer etc. Thus, MS-AFP and β-hCG are all excellent options for prenatal diagnosis PAS in the future. There remain some difficulties that must be solved. For instance, β-hCG levels fluctuate wildly during the first trimester, reaching up to 100,000 U/ml. This variation trend in hCG must be further understood to choose the appropriate cut-off value to predict PAS. Furthermore, serum hCG levels are also associated with some other conditions, including miscarriage, ectopic pregnancy, and fetal abnormalities. It is difficult to distinguish the maternal serum hCG levels of PAS from those other conditions. Therefore, these difficulties must be overcome to make detecting biomarkers feasible in the future.



Pregnancy-Associated Plasma Protein A (PAPP-A)

PAPP-A, a zinc metalloproteinase produced by placental syncytiotrophoblasts, is secreted into the maternal circulation in increasing concentrations until delivery. Although its function is not well-understood, PAPP-A is commonly recognized as being responsible for proteolysis of insulin-like growth factor (IGF) from IGF-binding protein-4(IGFBP-4), implying a role in growth. In previous studies, scientists have demonstrated that low PAPP-A has been associated with poor placental invasion, resulting in placental insufficiency, intrauterine growth restriction, preeclampsia, stillbirth, abruption, and premature birth etc. Based on these findings, PAPP-A may play a significant role in regulating trophoblastic invasion (12, 14).

Owing to trophoblastic abnormal invasion, PAS's association with PAPP-A was first reported in 2014, when PAPP-A was found to be elevated during the first trimester in cases of PAS. The median PAPP-A MoM of 1.68 in accreta was significantly >0.98 in non-accreta (p = 0.002) (11). In a subsequent study, several researchers confirmed this conclusion. In 2015, Thompson et al. provided an overall PAPP-A median MoM of 1.40 (p = 0.002) in the first trimester by analyzing an AIP dataset from London and New York (12). In the same year, Lyell et al. also confirmed that elevated PAPP-A was associated with PAS among women with previa in the first trimester (14). However, while serum PAPP-A cannot be a diagnostic marker because there is significant overlap with the distribution of unaffected pregnancies, it can be used as a tool to modify the risk of placenta accreta. Furthermore, as a PAS biomarkers, serum PAPP-A can also predict the prognosis of PAS. Penzhoyan et al. found a significant correlation (p <0.15) between the PAPP-A and the blood loss volume (PAPP-P M?M was 1.37 ± 1.20 in the not higher than 1,000 mL (LBL) subgroup and 1.91 ± 1.24 in the higher than 1,000 mL (HBL) subgroup MoM indicators, p = 0.091). This research revealed that the PAPP-A level in the first trimester may be helpful for the early prognosis of pathological blood loss at delivery for pregnant women with PAS and for forming a high-risk group for PAS (15). Hence, PAPP-A plays an important role in identifying high-risk population for PAS. Based on the levels of measurement technology, it is easy for researchers to test maternal-serum PAPP-A. Because PAPP-A isn't an independent risk factor for PAS, a model must be created to predict the risk of PAS. Previous research studies have presented prediction models. Research bottlenecks include finding proper influential factors and building an optimal model are research bottlenecks. To break these bottlenecks, bioinformatics specialists must participate in the research.



Angiogenic Factor

When abnormal placentation results in PAS, the process of excessive neovascularization occurs and upregulates angiogenic factors, such as vascular endothelial growth factor (VEGF) and angiopoietin 2 (Ang-2), and downregulates anti angiogenic factors, such as soluble Fms-like tyrosine kinase 1 (sFlt-1) and VEGFR-2 in syncytiotrophoblast. Accordingly, placental growth factor (PLGF), a high-affinity binder to VEGFR-2, is increased in serum levels. Researchers have quantified all these serum factors using enzyme-linked immunosorbent assays (ELISAs). Thus, when PAS happens, maternal serum angiogenesis factors could change. In the third trimester, women with PAS have significantly lower maternal serum VEGF levels because oxidative stress might lead to a down regulation of VEGF, and PLGF and sFlt-1 were significantly higher in PAS. Thus, these indicators can help predict PAS. Furthermore, in a multicenter case-control study design in Germany, Schwikert et al. collected gestational age-matched serum samples from pregnant women with AIP (n = 44) and uncomplicated pregnancies (n = 55) before delivery (GA median: 35 weeks). They concluded that maternal serum VEGF levels exhibited a significantly negative correlation with the FIGO AIP degree of invasion (Spearman'srho = −0.37; p < 0.001). Serum VEGF was able to predict the need for peripartum hysterectomy by plotting RUC curves (AUC = 0.698, 95% CI 0.564–0.832, LR+2.4, LR−0.3, p = 0.004). This phenomenon provides a clear advantage for clinical application (16–18). However, due to the study's sample sizes and limited relevant reports, these remain controversial conclusions. In researching angiogentic factors, a 2016 case–control study in Turkey demonstrated that there was no statistical difference in the maternal serum values of sFlt1, PlGF, sFlt1/PlGF ratio, and VEGF in groups with placental abnormalities compared to controls (19). However, these findings were not confirmed in subsequent studies.

In summary, the reviewed research studies indicate that PLGF, VEGF, and sFlt-1 have great application prospects in the future, although research on them is limited. Future research must focus on influential factors, such as diabetes, hypertension, pulmonary and cardiovascular disorders, FGR, inflammatory or connective tissue disorders, liver or renal failure, and placenta separation. How to rule out the effects of these factors and choose an appropriate cut-off value for them must still be resolved. Furthermore, the reviewed studies were all performed in the third trimesters. Whether such results could be acquired from samples taken during other trimesters remains unknown.



Cell-Free Fetal DNA (cffDNA)

In 1997, Y M Dennis Lo etc. first reported that cffDNA was present in maternal plasma and serum, and it is believed to originate from the apoptosis of cytotrophoblast and syncytiotrophoblast cells (20). It is generally recognized that these cells are destroyed by the maternal immune system during the implantation process. In a previous study, cffDNA occurred during pregnancy and rapidly cleared no more than 2 h after delivery. Gradually, the finding's applicating became widespread in clinical practice, aiming to find chromosomal aneuploidies. The level of cffDNA has also been shown to be associated with some pregnancy pathologies, including preterm birth, fetal growth restriction, and preeclampsia.

In 2002, a study verified that the concentration of fetal DNA within maternal plasma was significantly increased in the third trimester of two cases of invasive placentas (20). Since then, scientists have realized that cffDNA is related to PAS. In 2003, Jimbo et al. applied plasma cffDNA in PI's postpartum monitoring. After a gestation of 37 weeks and 3 days, a pregnant woman delivered and was diagnosed with PI through her clinical symptoms and magnetic resonance imaging findings. A small part of the placenta (7 cm in diameter) could not be removed from her uterus. The doctors monitored serum cffDNA regularly. The patient had intermittent vaginal bleeding until fetal DNA (DYS14 DNA) could no longer be detected in her plasma around 10 weeks post-delivery. The remaining portion of the placenta was spontaneously delivered 10 weeks postpartum. This case indicated that cffDNA in the plasma of pregnant women might serve as a molecular marker for the detection of AIP. In 2020, another case reported that a patient with AIP had a highly elevated level of cffDNA fraction (35.3%) at the end of the first trimester, whereas the median level of cffDNA fraction in normal pregnancies at this gestational age was only around 10.4%. The cffDNA fraction then decreased to 26.1% at 26 + 6 weeks of gestation (the median level at this gestational age was around 18%, according to a previous report) (21). Therefore, this supports the assumption that the cffDNA fraction may be a better biomarker for PAS. However, there are still some contradictory results to these findings. In 2013, a pilot study was carried out with 20 women [seven cases of placenta accreta, six cases of placenta previa and seven cases of normal placentation with prior cesarean deliveries (CD)]. After qualifying maternal serum cffDNA levels in the third trimester, the mean fraction of cffDNA prior to delivery did not differ significantly by group (accreta = 19.1%, previa = 27.2%, prior CD = 28.9%, p = 0.26), nor did the median (accreta = 17.0%, previa = 30.1%, prior CD = 22.7%), after controlling for no significant difference in maternal weight, placental weight, number of prior cesarean deliveries, or years from prior cesarean delivery (20). However, it may also be possible that the PAS process occurs much earlier in gestation, and it has been suggested that a significant difference between groups could be seen during the first trimester. Thus, from above study, the definite relationship between cffDNA and PAS is unclear. Since cffDNA is stable and can be detected in the early trimester, it can be an appropriate bio-marker. However, serum cffDNA samples are easily influenced by many factors, including their concentrations, the technique for isolation of DNA, gestation of the acquired sample, and length range of cffDNA. Further research must be performed in consideration of these factors. The number of samples in the current study is still too low. A larger clinical cohort trial of cffDNA is expected to be conducted in the future. In conclusion, the testing of maternal serum cffDNA for PAS is in its early stage. CffDNA as a possible marker of subsequent APS could help to improve the accuracy of the prenatal diagnoses of PAS.



Placenta-Specific mRNA

The placenta is a major contributor to Cell-free mRNA. Circulating cell-free placental mRNAs in maternal plasma can be stably isolated, quantified, and rapidly cleared after delivery. The mechanism of these actions is still unclear. The mRNA may transfer between the placenta and the maternal circulation due to a thin and dysfunctional decidua (26). Therefore, placenta mRNA could be investigated as a potential markers for placental function and placental-related disorders. Researchers mainly pay attention to two major placenta-specific mRNAs: β-human chorionic gonadotropin (β-hCG) and human placental lactogen (hPL) placental mRNAs.


Human Placental Lactogen (hPL) mRNA

During placental formation, trophoblast cells play an important role in placenta invasion into the uterus. Cell-free hPL mRNA is mainly produced in the mature syncytiotrophoblasts. In 2005, Masuzaki et al. demonstrated that a patient with placenta percreta had a residual placental mass at the internal os. They found that hPL mRNA could be used to monitor the efficacy of methotrexate therapy for PP, which suggested placental mRNA may be useful as a predictive marker for PAS (27). In 2014, by comparing the plasma of pregnant women at 28–32 weeks of gestation, Kawashima concluded that expression of hPL mRNA is increased in the plasma of women with invasive placenta (p < 0.05) (28). Subsequently, in a case-control study, Jing et al. collected peripheral blood from each woman at 28–30 weeks of gestation and measured maternal plasma hPL mRNA concentrations by real-time reverse-transcription polymerase chain reaction (PCR) in 2019. They came to the same conclusion that the multiple of the median (median, range) for hPL mRNA was significantly higher for the placenta accreta group (2.78, 1.09–4.56) than the control (1.00, 0.29–2.98) or placenta previa (1.12, 0.33–3.25) groups (Steel–Dwass test, p < 0.001 and p = 0.005, respectively). Furthermore, in 2008, a case-control study demonstrated that the cell-free hPL mRNA concentration in maternal plasma has the potential to predict a subgroup of placenta accreta resulting in hysterectomy; however, the results were not convincing due to the limited simple size (26).



β-Human Chorionic Gonadotropin (β-hCG) mRNA

Cell-free β-hCG mRNA is primarily produced by proliferating cytotrophoblasts. In 2005, it was reported that β-hCG mRNA could be used to monitor the efficacy of methotrexate therapy for placenta percreta. Therefore, it may be possible for β-hCG mRNA to predict PAS. Zhou et al. compared β-hCG mRNA concentrations of blood plasma from 68 pregnant women between 28–30 weeks. They reported that cell-free-β-hCG mRNA concentrations (MoM, range) were significantly higher in women with placenta accreta (3.65, 2.78–7.19) than in women with placenta previa (0.94, 0.00–2.97) or normal placentation (1.00, 0.00–2.69; Steele-Dwass test, p < 0.01 and p < 0.01, respectively). Furthermore, they found that seven women who underwent hysterectomies in the placenta previa/accreta group had higher concentrations of cell-free β-hCG mRNA (4.41, 3.49–7.19) compared with women whose deliveries did not result in hysterectomy (3.20, 2.78–3.70; Manne-Whitney U-test, p = 0.012), which demonstrates β-hCG mRNA may be related to a prognosis of PAS (29). Currently, with the emergence of real-time polymerase chain reaction (RT-PCR) technology, doctors can easily to monitor placental-specific mRNA levels. Placental-specific mRNAs are not only potential biomarkers to predict PAS, but they also have the possibility to predict APOs. However, large prospective studies remain to be performed to confirm the role of hPL mRNA and cell-free-β-hCG mRNA in predicting AIP and the best time to harvest maternal blood. The technology's cost should be reduced to increase its applicability. The present study did not explore the association of placental-specific mRNA with the degree of PAS. Further studies with subdivisions are needed.

Because the range of mRNA is wider than that of protein, the use of plasma mRNA markers may increase the number of markers that can be used for prenatal monitoring and its greater specificity and sensitivity make the prenatal diagnosis of PAS more exact.




MicroRNA

MicroRNA, a non-coding RNA of ~22 nucleotides, interferes with mRNA or DNA expression and occurs at the transcriptional and post-transcriptional levels. Circulating miRNAs can be detected in plasma and serum stably, because of their resistance to endogenous ribonuclease activity and can function as vesicles forming exosomes with lipoprotein membranous complexes or clusters. Micro-RNAs have been shown to modulate cell differentiation, embryonic development, adhesion, migration, apoptosis, and angiogenesis during placental development, and the altered expression of miRNA has been associated with various pregnancy complications. According to the mechanism, researchers can obtain a sample of maternal peripheral blood plasma, isolated the RNA from the sample, perform reverse transcription and qRT-PCR, and then conduct a quantitative analysis. Therefore, some studies have revealed that level of microRNA is in accordance with the PAS (Table 1). It is believed that miRNAs may predict PAS. Recently, scientists have also proven that some microRNAs, such as miR-17-5p, miR-21-5p, miR-25-3p, miR-92a-3p, and miR-320a-3, are associated with severity of PAS (23). Researchers also found that miRNA can predict PAS prognosis. In one study, Tian Yang et al. indicated that the expression of hsa-miR-490-3p and hsa-miR-133a-3p was positively correlated with operation-related blood volume loss. Furthermore, another study found that the amount of blood loss was negatively correlated with the expression of miR-139-3 p, and miR-196a-5p, with correlation coefficients of 0.215 and 0.172, respectively (p < 0.01 and p < 0.05, respectively) (24). For its specify and variety, MicroRNAs have bright prospects for prenatal diagnosis of PAS. At present, more than 20,000 miRNAs can be detected in the placenta; however, only a few miRNAs have been confirmed to be associated with PAS. More research must be conducted to find additional related miRNAs. Recently, miRNA research has become a hotspot. Nearly all of above miRNAs have been mentioned only once in existing research, which indicates very low reliability. More research is needed to find suitable miRNAs in PAS and to verify the finding in larger samples. Another difficulty is that detecting miRNA is a tedious process, which means it comes at a high price. Thus, simplifying process and decreasing price to make miRNA detection affordable will be other important tasks in the future.


Table 1. miRNAs in PAS.
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Others

Researchers have also found other biomarkers related to PAS. Shainker et al. used an aptamer-based proteomics platform to examine the maternal plasma samples from 16 patients with PAS for alterations in 1,305 unique proteins, finding 50 proteins with expression levels that were significantly different (p < 0.01). After analyses, the researchers found that the proteins were mostly inflammatory cytokines, factors that regulate vascular remodeling, and extracellular matrix proteins that regulate invasion. All of them may be potential biomarkers for diagnosing PAS and require further study (30). In reality, some proteins with specific functions are reportedly associated with PAS. A prospective case-control study reported that the maternal serum thyroid-stimulating hormone (TSH) and thyroid antibodies against thyroglobulin (TgAb) levels were significantly lower in a PAS group than placenta previa and control groups early in the third trimester. Decreased serum TSH and TgAb levels were also found to be independently associated with an increased rate of cesarean hysterectomy and massive blood transfusions in PAS cases (31). TRAIL-R2 is widely known as a death receptor (DR) and induces apoptotic signaling. Serum TRAIL-R2 levels have been shown to be significantly lower in a PA group (median 19.85 pg/mL) when compared with both non-adherent placenta previa (median 25.99 pg/mL) and control groups (median 25.87 pg/mL; p < 0.05). Thus, not only is TRALL-R2 associated with PAS, but it also plays a possible role in apoptosis in PAS (32). In addition to protein, some specific genes may also be related to PAS. However, only one case report found a possible association between placenta accreta and manifestations of the A3243G mutation in mtDNA (33). Other genomic research studies have been performed at the placental level. Hundreds of genes have significantly different detection levels in placental tissues. Whether these genes are the same in peripheral blood is not known. Today, NanoVelcro chips, which are nanostructure-embedded microchips, can efficiently enrich both single and clustered circulating trophoblasts (cTBs) from maternal blood. In a multicenter observational cohort study of 168 pregnant women, the combined cTB assays achieved an area under ROC curves of 0.942 (throughout gestation) and 0.924 (early gestation) for distinguishing PAS from non-PAS. For its simple operation procedure and high accuracy, the combination of cTBs and cTB clusters captured on the NanoVelcro chips for detecting PAS early in gestation will enable a promising quantitative assay to serve as a non-invasive test (34).



Potential Biomarkers

According to the current study, some biomarkers have been detected to be significantly different in placenta tissues, which may identify them as potential maternal biomarkers to predict PAS. For example, in 2019, to explore lncRNA differential expression, Huishan Zhang et al. screened five pairs of placenta tissues of patients with PAS. Using RNA microarray analysis, a total of 329 lncRNAs (101 upregulated; 228 downregulated) and 179 mRNAs (95 upregulated; 84 downregulated) were identified as having differential expressions in PAS. This makes it easier to select further biomarkers (35). Furthermore, by sequencing the placenta tissues of five women with PAS and five healthy pregnant women, Qiao et al. found that 23 hub genes were differentially expressed at both the mRNA and protein levels and that the expression trends were the same (36). Hub genes and bottleneck genes may have more specificity for detecting PAS. With the progression of omics studies in PAS and increasing sample sizes, the genetic features of PAS will be clearer, and the structural variations of hub genes will be more statistically significant, which will provide potential predictive and therapeutic targets for PAS.



Current Situation and Prospective Future of PAS

PAS is one of the main causes of increasing maternal morbidity and mortality, with consequences ranging from excessive hemorrhage, the need for hysterectomy, DIC, massive transfusions, ureteral/bladder/bowel injury, and even death. Neonates also have a higher risk of suffering neonatal complications, such as NICU admission and transient tachypnea of newborns (TTN). Considering the risks and APOs among patients with PAS, the significance of the condition and the need for early diagnosis has become more apparent. Antenatal diagnosis could transfer pregnant women to highly experienced maternity centers in time. Furthermore, it allows obstetricians to organize a comprehensive multidisciplinary care team and make full preparations, including advanced surgical planning, abundant blood supplies, preoperative preparations, and appropriate time allotted for delivery. In 2018, the American College of Obstetricians and Gynecologists (ACOG) guidelines for PAS advised that delivery at 34 0/7–35 6/7 weeks of gestation is the preferred gestational age for scheduled cesarean delivery or hysterectomy, absent extenuating circumstances, in a stable patient. Earlier delivery may be required in cases of persistent bleeding, preeclampsia, labor, rupture of membranes, fetal compromise, or developing maternal comorbidities. The guidelines also recommend the use of antenatal corticosteroids for lung maturation in women with antenatally diagnosed PAS (37). All these recommendations attach great importance in prenatal diagnosis PAS.

This study reviewed the existing literature and summarized around 10 potential biomarkers to assist in the prenatal diagnosis of PAS (Figure 1). Some of them, such as β-hCG, AFP, cffDNA, and PAPP-A, have already been widely applied in clinical practice for other purposes. As PAS is a new domain and its morbidity is still low, scientists have yet to produce comprehensive research. Though we have already known that they are associated with PAS, more convincing published results will accelerate the application of such biomarkers. Little research exists on other newly reported biomarkers, such as microRNAs, placenta-specific mRNA and NanoVelcro chips; however, they are more specific and less influenced by other complications. The most significant hurdle is the cost of testing technology. With more thorough research, these biomarkers may have a bright future. According to previous studies, combining certain biomarkers with ultrasounds may improve the accuracy of a PAS diagnosis. In a study of cell-free placental mRNA, Behery et al. found that all six of the false-positive cases diagnosed by ultrasound and color Doppler in their study were from the group confirmed without placenta accreta, with an insignificant rise in cell-free placental mRNA levels (27). Furthermore, NanoVelcro chips can improve ultrasound accuracy. Thus, based on the current research, these two biomarkers can be further explored in the future. In addition, the current study about PAS complications is mostly related to hemorrhage and hysterectomy. Some other complications, including newborns' health conditions, premature labor, bladder invasion, and influence on the next pregnancy, were rarely counted and discussed. More focus should be placed on these areas in the future.


[image: Figure 1]
FIGURE 1. Biomarkers related to PAS.


Currently, prenatal Down syndrome screening is widely performed on the basis of second-trimester or first-trimester maternal serum markers in clinical studies. By testing a combination of maternal serum levels of AFP, uE3, HCG, and PAPP-A, doctors can screen for antenatal aneuploidy diseases, including Down syndrome, trisomy 18 syndrome, and neural tube defects (NTD). The sensitivity of the test is 60–70%. Except for uE3, other biomarkers have been associated with PAS. In this way, co-analyzed serum markers may be beneficial for the antenatal screening of PAS and could assess the risk of PAS disorders. A retrospective case-control study in Israel co-analyzed maternal serum AFP and HCG in the second trimesters. The AUC was 0.668 (95% CI 0.611–0.721, p < 0.0001), and the sensitivity and specificity were 63 and 64%, respectively. Thus, they distinguished a percentile MoM cut-off approach between two groups: a high-risk group [patients with AFP, HCG, or both above the 75th percentile, with an odds ratio (OR) for pathological placentation of 2.27, 95% CI 1.42–3.63] and a low-risk group (patients with AFP, HCG, or both below the 25th percentile, with an OR for pathological placentation of 0.38, 95% CI 0.24–0.60) (9). Therefore, according to AFP and HCG values, researchers can focus on patients at higher risk of PAS, which is convenient for doctors making prenatal diagnoses of PAS. Biomarkers of aneuploidy in PAS are re-listed in Table 2 in detail. Different studies have provided significantly different cut-off values. Only a few studies have explored the relationship between biomarkers and the prognosis of PAS. Thus, the best appropriate cut-off value in Chinese should be found, and extensive research must be conducted that includes APOs to find a relationship between biomarkers and the prognosis of PAS. Few studies have researched co-analyzing biomarkers, and most of them only researched two biomarkers. Similar to an aneuploid prenatal diagnosis, researchers must explore whether a better combination of biomarkers exists for predicting the type of PAS and the prognosis of PAS. Once again, a more appropriate cut-off value must be found for the Chinese. Once we finish these series of research, they are easy to be wildly used in clinical. Their mature detection methods and affordable prices greatly reduce our obstruction and save our research time.


Table 2. Biomarkers of aneuploidy in PAS.
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Today, many pregnant women have prenatal examinations in basic medical institutions without the necessary clinical requirements or experienced doctors. Therefore, some pregnant women with a potentially high risk of PAS may be misdiagnosed. This study suggests a new method for predicting PAS. First, all pregnant women should be divided into different risk groups for PAS. Second, follow-up ultrasounds and specific biomarker tests should be performed for not-low-risk pregnant women to guard against typical warning signs. Finally, a PAS scoring system should be created to predict PAS prognosis, which would provide exceptional convenience for clinical work.




CONCLUSION

Although this study was devoted to the antenatal diagnosis of PAS, up to 50% of pregnancies with PAS go undiagnosed before delivery in clinical practice, which results in increased morbidity. Today, ultrasound is still the first-line detection method for PAS. Summarizing the published literature revealed eight biomarkers in maternal serum that could be used to predict PAS in the future. However, how these biomarkers predict the severity of PAS and their relationships with PAS complications are still not fully understood. Some suggestions for increasing the accuracy of diagnosing PAS have been proposed and must be further explored. With the third-child policy carried out in China, the number of women becoming pregnant again after a cesarean section will increase significantly, which will subsequently increase the incidence of PAS. Therefore, it is important to identify PAS early and make accurate risk stratification. Applying this process in clinical settings will benefit countless families.



AUTHOR CONTRIBUTIONS

SW generated the idea. TZ wrote the article. Both authors contributed to the article, revised the manuscript, and approved the submitted version.



REFERENCES

 1. Jauniaux E, Ayres-de-Campos D, Diagnosis FPA, Management Expert Consensus P. Figo consensus guidelines on placenta accreta spectrum disorders: introduction. Int J Gynaecol Obstet. (2018) 140:261–4. doi: 10.1002/ijgo.12406

 2. Ali H, Chandraharan E. Etiopathogenesis and risk factors for placental accreta spectrum disorders. Best Pract Res Clin Obstet Gynaecol. (2021) 72:4–12. doi: 10.1016/j.bpobgyn.2020.07.006

 3. Jauniaux E, Bunce C, Gronbeck L, Langhoff-Roos J. Prevalence and main outcomes of placenta accreta spectrum: a systematic review and meta-analysis. Am J Obstet Gynecol. (2019) 221:208–18. doi: 10.1016/j.ajog.2019.01.233

 4. Matsuzaki S, Mandelbaum RS, Sangara RN, McCarthy LE, Vestal NL, Klar M, et al. Trends, characteristics, and outcomes of placenta accreta spectrum: a national study in the United States. Am J Obstet Gynecol. (2021) 225:534.e1–38. doi: 10.1097/01.ogx.0000831500.24034.6f

 5. Allen L, Jauniaux E, Hobson S, Papillon-Smith J, Belfort MA, Diagnosis FPA, et al. Figo consensus guidelines on placenta accreta spectrum disorders: nonconservative surgical management. Int J Gynaecol Obstet. (2018) 140:281–90. doi: 10.1002/ijgo.12409

 6. Gulino FA, Guardo FD, Zambrotta E, Di Gregorio LM, Miranda A, Capriglione S, et al. Placenta accreta and balloon catheterization: the experience of a single center and an update of latest evidence of literature. Arch Gynecol Obstet. (2018) 298:83–8. doi: 10.1007/s00404-018-4780-y

 7. Fitzpatrick KE, Sellers S, Spark P, Kurinczuk JJ, Brocklehurst P, Knight M. The management and outcomes of placenta accreta, increta, and percreta in the UK: a population-based descriptive study. BJOG. (2014) 121:62–70. doi: 10.1111/1471-0528.12405

 8. Hu J, Zhang J, He G, Zhu S, Tang X, Su J, et al. First-trimester maternal serum alpha-fetoprotein is not a good predictor for adverse pregnancy outcomes: a retrospective study of 3,325 cases. BMC Pregnancy Childbirth. (2020) 20:104. doi: 10.1186/s12884-020-2789-2

 9. Berezowsky A, Pardo J, Ben-Zion M, Wiznitzer A, Aviram A. Second trimester biochemical markers as possible predictors of pathological placentation: a retrospective case-control study. Fetal Diagn Ther. (2019) 46:187–92. doi: 10.1159/000492829

 10. Oztas E, Ozler S, Caglar AT, Yucel A. Analysis of first and second trimester maternal serum analytes for the prediction of morbidly adherent placenta requiring hysterectomy. Kaohsiung J Med Sci. (2016) 32:579–85. doi: 10.1016/j.kjms.2016.08.011

 11. Bartels HC, Postle JD, Downey P, Brennan DJ. Placenta accreta spectrum: a review of pathology, molecular biology, and biomarkers. Dis Markers. (2018) 2018:1507674. doi: 10.1155/2018/1507674

 12. Thompson O, Otigbah C, Nnochiri A, Sumithran E, Spencer K. First trimester maternal serum biochemical markers of aneuploidy in pregnancies with abnormally invasive placentation. BJOG. (2015) 122:1370–6. doi: 10.1111/1471-0528.13298

 13. Buke B, Akkaya H, Demir S, Sagol S, Simsek D, Basol G, et al. Relationship between first trimester aneuploidy screening test serum analytes and placenta accreta. J Matern Fetal Neonatal Med. (2018) 31:59–62. doi: 10.1080/14767058.2016.1275546

 14. Lyell DJ, Faucett AM, Baer RJ, Blumenfeld YJ, Druzin ML, El-Sayed YY, et al. Maternal serum markers, characteristics and morbidly adherent placenta in women with previa. J Perinatol. (2015) 35:570–4. doi: 10.1038/jp.2015.40

 15. Penzhoyan GA, Makukhina TB. Significance of the routine first-trimester antenatal screening program for aneuploidy in the assessment of the risk of placenta accreta spectrum disorders. J Perinat Med. (2019) 48:21–6. doi: 10.1515/jpm-2019-0261

 16. Faraji A, Akbarzadeh-Jahromi M, Bahrami S, Gharamani S, Raeisi Shahraki H, Kasraeian M, et al. Predictive value of vascular endothelial growth factor and placenta growth factor for placenta accreta spectrum. J Obstet Gynaecol. (2021). doi: 10.1080/01443615.2021.1955337. [Epub ahead of print].

 17. Schwickert A, Chantraine F, Ehrlich L, Henrich W, Muallem MZ, Nonnenmacher A, et al. Maternal serum vegf predicts abnormally invasive placenta better than nt-probnp: a multicenter case-control study. Reprod Sci. (2021) 28:361–70. doi: 10.1007/s43032-020-00319-y

 18. Wang N, Shi D, Li N, Qi H. Clinical value of serum vegf and sflt-1 in pernicious placenta previa. Ann Med. (2021) 53:2041–9. doi: 10.1080/07853890.2021.1999492

 19. Biberoglu E, Kirbas A, Daglar K, Biberoglu K, Timur H, Demirtas C, et al. Serum angiogenic profile in abnormal placentation. J Matern Fetal Neonatal Med. (2016) 29:3193–7. doi: 10.3109/14767058.2015.1118044

 20. Samuel A, Bonanno C, Oliphant A, Batey A, Wright JD. Fraction of cell-free fetal dna in the maternal serum as a predictor of abnormal placental invasion-a pilot study. Prenat Diagn. (2013) 33:1050–3. doi: 10.1002/pd.4195

 21. Wertaschnigg D, Lucovnik M, Klieser E, Huber-Katamay J, Moertl MG. Increased cell-free fetal dna fraction in the first trimester: a sign of abnormally invasive placenta? Ultraschall Med. (2020) 41:560–1. doi: 10.1055/a-0770-5209

 22. Yang T, Li N, Hou R, Qiao C, Liu C. Development and validation of a four-microrna signature for placenta accreta spectrum: an integrated competing endogenous RNA network analysis. Ann Transl Med. (2020) 8:919. doi: 10.21037/atm-20-1150

 23. Timofeeva AV, Fedorov IS, Pirogova MM, Vasilchenko ON, Chagovets VV, Ezhova LS, et al. Clusterin and its potential regulatory micrornas as a part of secretome for the diagnosis of abnormally invasive placenta: accreta, increta, and percreta cases. Life. (2021) 11:270. doi: 10.3390/life11040270

 24. Chen S, Pang D, Li Y, Zhou J, Liu Y, Yang S, et al. Serum mirna biomarker discovery for placenta accreta spectrum. Placenta. (2020) 101:215–20. doi: 10.1016/j.placenta.2020.09.068

 25. Shih JC, Lin HH, Hsiao AC, Su YT, Tsai S, Chien CL, et al. Unveiling the role of microrna-7 in linking tgf-beta-smad-mediated epithelial-mesenchymal transition with negative regulation of trophoblast invasion. FASEB J. (2019) 33:6281–95. doi: 10.1096/fj.201801898RR

 26. Li J, Zhang N, Zhang Y, Hu X, Gao G, Ye Y, et al. Human placental lactogen mrna in maternal plasma play a role in prenatal diagnosis of abnormally invasive placenta: yes or no? Gynecol Endocrinol. (2019) 35:631–4. doi: 10.1080/09513590.2019.1576607

 27. El Behery MM, Rasha LE, El Alfy Y. Cell-free placental mrna in maternal plasma to predict placental invasion in patients with placenta accreta. Int J Gynaecol Obstet. (2010) 109:30–3. doi: 10.1016/j.ijgo.2009.11.013

 28. Kawashima A, Sekizawa A, Ventura W, Koide K, Hori K, Okai T, et al. Increased levels of cell-free human placental lactogen mrna at 28–32 gestational weeks in plasma of pregnant women with placenta previa and invasive placenta. Reprod Sci. (2014) 21:215–20. doi: 10.1177/1933719113492209

 29. Zhou J, Li J, Yan P, Ye YH, Peng W, Wang S, et al. Maternal plasma levels of cell-free beta-hcg mrna as a prenatal diagnostic indicator of placenta accrete. Placenta. (2014) 35:691–5. doi: 10.1016/j.placenta.2014.07.007

 30. Shainker SA, Silver RM, Modest AM, Hacker MR, Hecht JL, Salahuddin S, et al. Placenta accreta spectrum: biomarker discovery using plasma proteomics. Am J Obstet Gynecol. (2020) 223:433 e1–14. doi: 10.1016/j.ajog.2020.03.019

 31. Ozler S, Oztas E, Kebapcilar A, Caglar AT. The role of thyroid-stimulating hormone and thyroglobulin antibody in abnormally invasive placenta. J Matern Fetal Neonatal Med. (2021). doi: 10.1080/14767058.2021.1875430. [Epub ahead of print].

 32. Oztas E, Ozler S, Ersoy AO, Ersoy E, Caglar AT, Uygur D, et al. Decreased placental and maternal serum trail-r2 levels are associated with placenta accreta. Placenta. (2016) 39:1–6. doi: 10.1016/j.placenta.2016.01.004

 33. Aggarwal P, Gill-Randall R, Wheatley T, Buchalter MB, Metcalfe J, Alcolado JC. Identification of mtdna mutation in a pedigree with gestational diabetes, deafness, wolff-parkinson-white syndrome and placenta accreta. Hum Hered. (2001) 51:114–6. doi: 10.1159/000022950

 34. Afshar Y, Dong J, Zhao P, Li L, Wang S, Zhang RY, et al. Circulating trophoblast cell clusters for early detection of placenta accreta spectrum disorders. Nat Commun. (2021) 12:4408. doi: 10.1038/s41467-021-24627-2

 35. Wu S, Zhang H, Liu Y, Wang R, Ye S, Zeng M, et al. Long non-coding RNAs show different expression profiles and display competing endogenous RNA potential in placenta accreta spectrum disorders. J South Med Univ. (2019) 39:1253–9. doi: 10.12122/j.issn.1673-4254.2019.10.19

 36. Chen B, Wang D, Bian Y, Li J, Yang T, Li N, et al. Systematic identification of hub genes in placenta accreta spectrum based on integrated transcriptomic and proteomic analysis. Front Genet. (2020) 11:551495. doi: 10.3389/fgene.2020.551495

 37. Society Society of Gynecologic O American American College of O Gynecologists the Society for Maternal-Fetal M Cahill AG Beigi R. Placenta accreta spectrum. Am J Obstet Gynecol. (2018) 219:B2–16. doi: 10.1016/j.ajog.2018.09.042

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	CASE REPORT
published: 15 June 2022
doi: 10.3389/fsurg.2022.848496






[image: image2]

Case Report: Anesthesia for Cesarean Section in Parturients With Chronic Renal Failure Requiring Hemodialysis: Case Reports and Literature Review

Ting Zhang, Xianwei Xiong, Yiling Jiang, Huan Chen and Juying Jin*

Department of Anesthesiology, The First Affiliated Hospital of Chongqing Medical University, Chongqing, China

Edited by:
Isabella Fabietti, Bambino Gesù Children’s Hospital (IRCCS), Italy

Reviewed by:
Anna Camporesi, Ospedale dei Bambini Vittore Buzzi, Italy
Uma Hariharan, Atal Bihari Vajpayee Institute of Medical Sciences and Dr. Ram Manohar Lohia Hospital, India

*Correspondence: Juying Jin juyingjin@hotmail.com

Specialty section: This article was submitted to Obstetrics and Gynecological Surgery, a section of the journal Frontiers in Surgery

Received: 04 January 2022
Accepted: 24 May 2022
Published: 15 June 2022

Citation: Zhang T, Xiong X, Jiang Y, Chen H and Jin J (2022) Case Report: Anesthesia for Cesarean Section in Parturients With Chronic Renal Failure Requiring Hemodialysis: Case Reports and Literature Review.
Front. Surg. 9:848496.
doi: 10.3389/fsurg.2022.848496


Pregnancies are rare in women with chronic renal failure requiring hemodialysis. Although a chance of successful pregnancy and delivery in hemodialysis women has increased over the years, it is still very low, and with high maternal and fetal mortality and morbidity rate compared to normal population. And cesarean section is usually used for delivery. The first case was a 32-year-old Chinese woman with chronic kidney disease stage V undergoing maintenance hemodialysis for six years. The second case was also a 32-year-old patient with a 6-year history of hemodialysis for chronic glomerulonephritis. And due to a history of atrial septal defect and hypertension she received intensive hemodialysis during pregnancy. Both cases were scheduled for cesarean delivery under epidural anesthesia. To help develop reasonable anesthetic methods and management objectives for such patients, we described our anesthetic management and performed a literature search on published cases of cesarean section with chronic renal failure undergoing hemodialysis.
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INTRODUCTION

Patients with chronic kidney disease (CKD) are less able to make the renal adaptations needed for a healthy pregnancy. In the past, any degree of renal impairment was considered incompatible with pregnancy and those patients were usually advised to terminal the pregnancy (1). In fact, since a study in 1971 reported the first case of a 35-year-old end-stage renal failure woman on hemodialysis (HD) who achieved a full-term pregnancy, the further cases followed (2). The effect of pregnancy on maternal kidney disease may manifest as a loss of renal function. CKD, even when mild, can lead to the high risk of adverse pregnancy outcomes, including preeclampsia, preterm delivery, and small-for-gestational age infants or neonatal intensive care unit (NICU) admission, and these risks increase with the severity of the underlying renal dysfunction, degree of proteinuria, as well as the frequent coexistence of hypertension (3). A study reported that compared to patients without kidney disease, those with kidney disease had 52% increased odds of preterm delivery and 33% increased odds of delivery via cesarean section (4). Compared with babies born to parturients without kidney disease, babies born to parturients with kidney disease had 71% increased odds of admission to neonatal intensive care unit (NICU) or infant death and the chance of low birth weight has tripled (4).

Anesthesia for such patients entails many risks, such as changes increased gastric acid secretion, cardiovascular instability, in drug metabolism and platelet dysfunction (5). For such patients, anesthesia management is very important, but few literatures mentioned it at present. In this paper we obtained the written informed consent of the patients and shared our experience of epidural anesthesia in parturients with chronic renal failure (CRF) on HD.



CASE REPORT


Case 1

A 32-year-old woman with 3 gravida and one para (G3P1) was scheduled for cesarean delivery at 36 weeks and two days’ gestation. She had delivered a live baby 12 years before due to umbilical cord around the neck. She weighed 63.5 kg and was 150 cm tall. She had a 17-year history of chronic glomerulonephritis and has been on HD three times per week after progressing to CKD stage V six years before. The family history of this patient was unremarkable. During pregnancy, the patient’s renal function was stable without complications such as anemia, hypertension, and edema. She was admitted to the hospital for cesarean section due to obstetrical B-ultrasound indicating severe fetal growth restriction (FGR). She received heparin-free HD 13 h before operation. Her laboratory data during her admission is summarized in the Table 1.


TABLE 1 | Preoperative, postoperative and discharge laboratory values.

[image: Table 1]

Noninvasive blood pressure (NIBP:100/62 mmHg), electrocardiography (ECG), heart rate (HR:95/ min), and SpO2 (98%) were monitored after entering the operating room and invasive arterial catheterization was performed from the right radial artery under local anesthesia (because an arteriovenous fistula was being used for HD on the left side). After checking the normal thrombelastography (TEG) and activated clotting time of whole blood (ACT), and their international normalized ratio (INR), prothrombin time (PT), activated partial thromboplastin time (APTT) and platelet count are normal, considering that there was no contraindication of epidural anesthesia, we decided to perform cesarean section under epidural anesthesia.

Epidural anesthesia with 5 mL test dose of 2% lidocaine was successfully performed at the L1-2 intervertebral space in the right-lateral position. After 5 min, there was no general spinal anesthesia and local anesthetic poisoning, and 2% lidocaine 7 mL was added. Epidural anesthesia level having reached the T8 to S dermatomes, the operation was started. A 1,770 g baby with an Apgar score of 10 in one minute and 10 in five minutes was delivered 12 min after the beginning of surgery. Invasive blood pressure and HR were stable during the surgery and Figure 1 shows the values. No headache, nausea or vomiting were present during surgery. The operation lasted for 50 min, with 1,100 mL intraoperative crystalloid fluid, 200 mL bleeding, and no urine.


[image: Figure 1]
FIGURE 1 | BP and HR of case 1 after epidural anesthesia. SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean artery pressure; HR, hearte rate.


After the operation, the epidural catheter was removed after measuring the anesthesia level (T10-S). No bleeding was observed at the puncture point, and the patient was sent back to the ward after the patient controlled intravenous analgesia (PCIA) was placed.



Case 2

Another 32-year-old G4P1 woman had a 6-year history of dialysis for chronic glomerulonephritis. Her weight was 62 kg and her height was 158 cm. The parturient had a history of atrial septal defect and hypertension and received intensive HD (5 / week) during pregnancy. The patient regularly took nifedipine controlled-release tablets 30 mg QD for hypertension. During pregnancy, her blood pressure was poorly controlled, fluctuating between 150–190/70–100 mmHg, and it was deemed necessary to add labetalol. The patient has anemia and disorders of electrolytes like most patients with end-stage renal disease. She used erythropoietin (EPO) regularly for a long time and increased the dose during pregnancy. Preoperative investigations showed hemoglobin of 10 g/dL and normal serum potassium. During pregnancy, the woman did not have edema of both lower extremities. A decision to perform cesarean section was taken at 33 weeks and 5 days due to heart failure in the context of a viral infection. Her Brain Natriuretic Peptide (BNP) was over 35,000 ng/L. And the echocardiogram of this patient showed atrial septal defect, left atrium and left ventricle enlargement, pulmonary artery systolic pressure (PASP) 35 mmHg, and left ventricular ejection fraction (LVEF) 42%. Her last dialysis was performed 17 h before surgery using heparin-free HD.

In the operation room, monitoring included NIBP (176/99 mmHg), ECG, HR (106/min), and SpO2 (99%), but urine output was not monitored. Invasive arterial catheterization was performed and the TEG was normal. Epidural anesthesia was successfully given at the L2-3 intervertebral space using 4 mL 2% lidocaine in the right-lateral position. 11 mL 2% lidocaine was added after observation without general spinal anesthesia and local anesthetic poisoning. The operation began when the anesthesia level having reached the T8 to S dermatomes. After 7 min, a 1,885 g live baby was delivered (Apgar score: 9-9). Hypotension occurred after the baby was delivered, and we injected 50 µg phenylephrine intravenously and her BP and HR during the surgery are shown in Figure 2. The operation lasted for 42 min, with 600 mL intraoperative crystalloid fluid, 200 mL bleeding. Her cardiac and renal condition was not aggravated during the surgery.


[image: Figure 2]
FIGURE 2 | BP and HR of case 2 after epidural anesthesia. SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean artery pressure; HR, hearte rate. *intravenous injection of 50 µg phenylephrine.


After the surgery, no complications of anesthesia were observed, the epidural catheter was removed after measuring the anesthesia level (T10-S) and the patients was transferred to the cardiology intensive care unit (CCU) for further monitoring and returned to the ward the day after the operation. Both newborns were transferred to NICU.

Both mothers returned to heparin-free dialysis on the first postoperative day. During the following days, the two women were in stable condition, and recovered without any anesthesia-related complications such as epidural hematoma occurred headache, nausea or neurological deficit. They continued regular dialysis 3 times per week after they were discharged from the hospital. Table 1 shows their laboratory data for the day after the operation and the last data before discharged. After months of follow-up, their renal function has been stabilized by regular HD and their babies are growing up healthily. Table 2 shows the maternal and infant outcomes of the two cases.


TABLE 2 | Maternal and infant outcomes.

[image: Table 2]




DISCUSSION

Chronic renal failure (CRF) is the common outcome of the continuous progression of all kinds of CKD. Because of the damage of renal parenchyma, the basic renal function cannot be maintained. Pregnancy is uncommon in patients with end-stage renal failure. Uremia-associated hypothalamic-pituitary dysfunction and malnutrition usually result in amenorrhea and anovulation, and thus disturbances in menstruation and fertility are commonly encountered in women with CRF, leading to a low pregnancy rate in these patients (6). In addition, due to the teratogenic effect of drugs the fertility of patients with kidney disease is reduced (3, 7). However, the number of pregnant women treated with long-term HD has been increasing recently. Even with unwanted pregnancy, achieving successful pregnancy in such patients is challenging as adverse pregnancy outcome including preeclampsia, FGR, preterm delivery and accelerated loss of maternal renal function is significantly increased with higher degrees of renal impairment (3, 8, 9). In addition, anemia, vitamin D deficiency and chronic hypertension are comorbidities that are associated with adverse pregnancy outcome and can develop secondary to underlying CKD (9). CKD may affect placental perfusion and lead to placental insufficiency (7, 10). Additionally, fetuses with placental insufficiency habitually shunt blood away from nonessential organs, such as kidneys, to decrease urine output and thus amniotic fluid volume, leading to oligohydramnios and even fetal distress (7). It is important to control anemia because it is a significant cause of left ventricular hypertrophy, heart failure and angina. As women with CKD may have insufficient capacity for a gestational increase in EPO production, supplementation with synthetic EPO may be required (9). The hematocrit should be optimized before surgery. The correction of anemia also helps to improve platelet dysfunction associated with renal failure (11). Hypertension is the most common life-threatening problem in these patients. Controlling hypertension is an important part of CKD management during pregnancy and ideal blood pressure control should be optimized before pregnancy (3). The safety of antihypertensive drugs in pregnancy is based on historical, retrospective analyses and favours older classes of drugs, including the adrenergic receptor agonists labetalol and methyldopa and the calcium channel blocker nifedipine (9). Hyperkalemia is another important problem for patients with CRF. Hyperkalemia is usually induced by insufficient hemodialysis, acidosis, hypoxemia, and decreased body temperature. It is generally believed that preoperative fasting can reduce the level of potassium. However, a previous study found that the hormone response to fasting may transfer the potassium from the intracellular to the extracellular space (12). Therefore, close monitoring of electrolyte status during the perioperative period is necessary.

Due to presence of severe FGR and high induction rate for maternal indications like severe preeclampsia or worsening renal function, the incidence of cesarean section in pregnancy with CKD is higher (1). And the number of pregnant women with CRF requiring HD has increased recently. For patients undergoing cesarean section with HD, the choice of anesthetic methods and intraoperative management are very important. The primary task of the selection of anesthetic methods for such patients is to ensure the safety of the mother and the fetus, to minimize the adverse effects of pregnancy and kidney disease on mother and consequent effects on the fetus, and to avoid aggravating the renal failure of patients (13). Patients with CRF have a high risk of anesthesia, to help choose the appropriate anesthetic technique for such patients, a literature search of published case reports of pregnancy associated with CRF requiring HD was performed and listed in Table 3.


TABLE 3 | Pregnancy cases in patients with CRF requiring HD in review.

[image: Table 3]

Regional anesthesia and general anesthesia are both used for cesarean delivery and both have advantages and disadvantages. It is important to clarify what type of anesthesia is more suitable for such patients. CKD may affect both the pharmacokinetics and the pharmacodynamics of a drug. In general anesthesia, there is a possibility of altered drug clearance leading to accumulation of active metabolites which could be nephrotoxic (18). And general anesthesia may lead to decreased renal blood flow in such patients, thus affecting drug clearance rate, duration of action and efficacy intensity (19). In addition, decreased gastric motility and delayed gastric emptying in parturients may increase the risk of aspiration during general anesthesia (11, 19). When general anesthesia is performed on patients with CKD, it is necessary to consider the effects of an altered clearance, the production and accumulation of active metabolites, and the risk of aggravating pre-existing kidney disease on drug administration (13). In addition, these neonates often have intrauterine growth retardation, low birth weight and premature delivery are prone to the adverse effects of anesthetic agents (13). Due to the rapid and predictable effects of general anesthesia, the majority being performed for lack of time in the setting of an emergency delivery such as severe fetal distress, or in cases of failure or contraindications of intrathecal anesthesia (20).

In cesarean delivery, regional anesthesia using spinal or epidural anesthesia is a safe technique to minimize the risk of fetal depression and aspiration pneumonia in the mother (13). Compared with general anesthesia, it is possible for regional anesthesia to establish a connection between the mother and newborn immediately after delivery. However, abnormal coagulation function in patients with CRF and long-term HD treatment may increase the risk of intrathecal anesthesia bleeding. There is no absolute contraindication to regional blocks in women with CRF undergoing HD. Some literatures have pointed out that if anticoagulants have been used during HD, at least six hours should elapse before siting a regional block (11, 16, 21). It is wise to confirm that clotting is normal by checking the APTT, PT and TEG. Spinal anesthesia is a safe technique for such women. The dosage of local anesthetic agents which are used for spinal anesthesia has been reported to exert no influence upon the baby (5). However, most cases of spinal anesthesia experience hypotension followed by decreased uterine blood flow (5), which in severe cases can cause dizziness, nausea and vomiting.

Compared with general anesthesia and spinal anesthesia, epidural anesthesia can be used for cesarean section after labor analgesia failure and for postoperative analgesia after cesarean section. In our case, B-ultrasound of both parturients showed severe FGR, and one of the parturients was complicated with atrial septal defect. Compared with general anesthesia, epidural anesthesia can reduce venous return and alleviate the cardiac burden (22). In addition, epidural anesthesia is easier to maintain hemodynamic stability than spinal anesthesia (22). In order to avoid the effect of general anesthesia on maternal and fetal prognosis and unstable hemodynamic caused by spinal anesthesia, we chose epidural anesthesia. Previous literatures have pointed out that cesarean section under epidural anesthesia is safe for patients with heart disease (22, 23). However, before performing epidural anesthesia, attention must be paid to the coagulation function of CRF patients undergoing dialysis.

HD without heparin has long been used in maintenance dialysis patients with bleeding risk (24). In chronic HD patients with high risk of bleeding, heparin-free HD is now considered as a good option and recommended by anesthesiologists (25). In addition, thromboprophylaxis in these women was also important. The perioperative management for the two patients including thromboprophylactic agent administration was based on the collaboration of a multidisciplinary team (MDT), which was comprised of obstetrician, nephrologist, cardiologist, anesthesiologist and neonatologist. According to the suggestion of the experts in the MDT, the two patients had a relatively low risk for venous thromboembolism (VTE) during pregnancy and after surgery. Furthermore, coagulation tests and ultrasonography revealed no signs of VTE. As a result, thromboprophylactic agent was not administered during perioperative period. In our case, heparin-free dialysis was performed one day before the operation. After the preoperative examination confirmed that the blood coagulation function and internal environment were normal, the cesarean section was successfully completed under epidural anesthesia. No complications of epidural anesthesia occurred in the postoperative follow-up, and their renal function were stable. It is suggested that with careful and effective monitoring preoperatively and intraoperatively, epidural anesthesia can be safely performed for cesarean section in patients undergoing heparin-free HD.



CONCLUSION

Renal disease, either preexisting or occurring during pregnancy may impair maternal and fetal health. Although the number of pregnant women undergoing HD is rare, the risk of anesthesia is extremely high and there are multiple anesthetic considerations in such parturients. The choice of anesthesia for such patients should be made on an individual basis. Based on our cases, we consider that epidural anesthesia is safe to the patients with CRF requiring HD if there are no coagulation abnormalities. And heparin-free HD is considered as a good option for such patients to reduce the risk of bleeding during the perioperative period. However, the number of cases in this study is small, and a large number of studies are required to determine the safety of epidural anesthesia for such patients. In addition, since the condition of two patients remained stable, the central venous pressure was not monitored during the operation. if possible, it is necessary to strengthen intraoperative hemodynamic monitoring. In short, by perfecting relevant examinations before operation, correcting patient's internal environment and blood coagulation function and closely monitoring during the operation, the patient can still achieve a good outcome.
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Background: To examine and compare the differences in clinical characteristics and long-term postoperative outcomes of ovarian endometriomas (OMA) patients with and without dysmenorrhea, including data from at least 8 years of postoperative follow-up examinations.

Methods: Retrospective analysis of 334 OMA patients, including their demographic and clinical data. Long-term follow-up record was also collected. All laparoscopic cystectomy procedures were performed by the same surgeon at Peking Union Medical College Hospital between January 2009 and April 2013. Patients were divided into the dysmenorrhea and non-dysmenorrhea groups to perform the analysis of their preoperative characteristics, relevant surgical findings, and postoperative outcomes at the follow-up.

Results: Out of 334 OMA patients, 257 (76.9%) patients were allocated to the dysmenorrhea group, while the rest 77 (23.1%) patients were included in the non-dysmenorrhea group. Compared with the dysmenorrhea group, the non-dysmenorrhea group exhibited a reduced proportion of chronic pelvic pain (CPP) (P = 0.003), dyspareunia (P < 0.001), tenesmus (P < 0.001), concurrency of deep infiltrating endometriosis (DIE) (P < 0.001), and adenomyosis (P = 0.032). Preoperative infertility was significantly higher in the dysmenorrhea group (P = 0.001). The mean operating time in the dysmenorrhea vs. the non-dysmenorrhea group was 68.0 vs. 56.0 min (P < 0.001). According to the revised American Fertility Society (rAFS) scoring system, the mean scores of the two groups were 52.1 vs. 44.6 (P = 0.033). During follow-up, the dysmenorrhea group showed a higher rate of disease relapse (P < 0.001). A minimum postoperative follow-up period of 8 years was required to evaluate the pregnancy outcomes. Successful pregnancies were identified in 97/257 (37.7%) cases in the dysmenorrhea group and 36/77(46.8%) cases in the non-dysmenorrhea group (P = 0.157), respectively. Though the dysmenorrhea group had a higher rate of postoperative infertility, differences were not significant between the two groups.

Conclusions: Compared with the dysmenorrhea group, OMA patients without dysmenorrhea exhibited lower proportions of CPP, dyspareunia, tenesmus, lower concurrency of DIE and adenomyosis, shorter mean operating time, lower mean rAFS scores, and lower infertility rates. During the long-term follow-up, a lower recurrence rate was observed in the non-dysmenorrhea group. Regarding fertility outcomes, non-dysmenorrhea patients had a higher likelihood of successful pregnancy after surgery. Postoperative management needs to be evaluated separately according to dysmenorrhea pathology.

Keywords: endometriosis, dysmenorrhea, pregnancy rate, laparoscopic cystectomy, recurrence rate, postoperative outcomes


INTRODUCTION

Endometriosis (EM), characterized by the abnormal or ectopic growth of stroma and endometrial glands outside the uterus (1), accounts for an estimated prevalence of 10–15% in females of reproductive age (2). Most EM lesions can be classified into 3 subtypes based on their locations and histological characteristics, including deep infiltrating endometriosis (DIE), cystic ovarian endometriosis/endometrioma (OMA), and superficial peritoneal endometriosis (SUP) (3). In some rare cases, endometriosis lesions can also appear in external pelvic sites such as skin and nasal cavity (4). Amongst EM lesion types, OMA is the most observed phenotype, accounting for 17–44% of EM cases. Laparoscopic cystectomy, the gold standard for OMA diagnosis, is also recommended as the first-line therapy (5–7).

Dysmenorrhea, together with infertility, constitutes the major clinical complication in OMA patients (8, 9). However, about 17–39% of OMA patients do not present any complaint of dysmenorrhea (10–12). Hence, whether dysmenorrhea symptoms would correlate with clinical characteristics and postoperative outcomes in this subset of OMA patients remain unclear.



METHODS

This study was performed in the Department of Obstetrics and Gynecology of the Peking Union Medical College Hospital (PUMCH), with prior approval from the Medical College Ethics Committee (JS-1722).

This study included OMA patients who received laparoscopic cystectomy at PUMCH between January 2009 and April 2013. All operations were performed by the same EM-specialized surgery team. The inclusion criteria were as follows: (1) patients were surgically treated in our hospital; (2) postoperative histopathological diagnosis of EM; (3) availability of complete clinical and pathological reports, and (4) participating patients were pre-menopausal. Cases, where patients had undergone similar surgeries in other hospitals were excluded from the analysis. Patients were also excluded if they were pregnant, had malignant gynecological diseases, or received any hormonal therapy (gonadotropin-releasing hormone analog, GnRHa; oral contraceptives, OCs, or levonorgestrel intrauterine system, mirena) within 3 months before the surgery.

The standard laparoscopic cystectomy surgery was executed as follows: (1) the extent of EM lesions and pelvic adhesions were identified by a thorough clinical inspection; (2) identifiable peritoneal implants were coagulated; (3) attempts were made to restore the normal anatomy as much as possible, and (4) ovarian cysts were carefully stripped off avoiding accidental damage to the surrounding healthy tissue. Regarding the surgery report of EM laparoscopy, the presence of lesions, anatomical location, the extent of subtle lesions and typical powder burns, pelvic adhesions, and the occurrence of deep infiltrating implants were recorded. The rAFS scoring system was applied to score patients along with the EM staging (13). DIE was diagnosed histologically if the lesion infiltrated >5 mm under the peritoneal surface. Visual analogique scale (VAS) was employed to evaluate the severity of pain symptom. VAS score≥3 was defined as dysmenorrhea.

According to these criteria, a total of 334 patients were pathologically diagnosed with OMA. Diagnosis of adenomyosis was confirmed when at least three or more of the following ultrasound features were present–globular-appearing uterus (regular enlarged uterus), the asymmetrical thickness of the anteroposterior wall of the myometrium, heterogeneous myometrial echotexture (presence of an indistinctly myometrial area with decreased or increased echogenicity), sub endometrial echogenic linear striations (radiate pattern of thin acoustic shadowing not arising from echogenic foci), sub endometrial myometrial cysts (round anechoic areas of 1–7 mm diameter), or poor definition of the endometrial-myometrial junction, as described elsewhere (14–18). Patients who received biopsy or myomectomy during the surgery were identified to have adenomyosis by the postoperative histopathology.

The size of the OMA was defined as the largest diameter of cysts measured by ultrasound examinations. The elevated serum CA-125 level was defined as >35 U/ml, per the clinical laboratory references at PUMCH. The possibility of infertility in women was diagnosed when the patient was unable to conceive for more than 1 year despite having a normal sex life without using any contraceptives, after ruling out any male etiological factors of infertility.

Clinical indications of eligible patients were retrospectively recorded and analyzed after thoroughly scrutinizing patients' medical records. The following demographic and medical information were retrieved: body mass index (BMI); age; parity; history of surgery; symptoms of dyschezia, dyspareunia, dysmenorrhea, dysuria; location of cysts; the size of EM lesion; serum CA-125 level; intraoperative blood loss; operating time, and rAFS stage. As the postoperative management, patients with fertility needs received a short-term GnRHa course of 3–6 injections or oral contraceptives. Furthermore, for those without fertility requirements, long-term therapy was recommended using Mirena (levonorgestrel intrauterine system) alone or a combination of GnRHa and Mirena. In the long-term therapy, it could be possible that some patients did not follow the exact time course of the treatment.

All patients were examined and followed up as per our internal protocol. A transvaginal ultrasound along with a standard gynecological examination was conducted for each patient before surgery, at 3, 6, and 12 months post-surgery, then yearly for the long-term follow-up. Menstrual fertility factors and pain symptoms were also evaluated. Patients were interviewed to reveal if they experienced any dysmenorrhea, dyspareunia, or pelvic pain symptoms during the follow-up. Pain recurrence was considered if it recurred after 3 months of surgery. Endometrioma was defined as the persistent presence of ovarian cysts with a thin wall (with a diameter of at least 2 cm), a homogenous low echogenic fluid content with scattered internal echoes regular margins, and persisted even after successive cycles of menstruation. Endometriosis recurrence was identified when pain, endometrioma, or both were noted at the follow-up ultrasound and physical examinations. The long-term postoperative follow-up information included postoperative medications, infertility and related symptoms, recurrence time, and imaging results.

Based on the diagnosis, patients were divided into either the dysmenorrhea or non- dysmenorrhea group to analyze and compare their demographic and clinical baseline characteristics, surgical observations, and postoperative outcomes during the follow-up examinations. Statistical analyses were performed using the IBM SPSS 25.0 software. The Kruskal-Wallis test was applied to analyze continuous variables, while categorical variables were analyzed using the chi-square test or Fisher's exact test. The Kaplan-Meier survival plots were constructed to measure recurrence rates. All statistical tests were two-sided, and P < 0.05 was set to identify the statistical significance of the result.



RESULTS

Out of 334 OMA patients participating in this study, 257 (76.9%) patients were included in the dysmenorrhea, and the remaining 77(23.1%) patients were in the non-dysmenorrhea group. Comparisons of clinical features and demographic features between these two groups are shown in Table 1.


Table 1. Comparison of demographic and clinical characteristics.
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Between the dysmenorrhea and non-dysmenorrhea groups, the mean age, mean gravidity, and mean parity were 32.74 vs. 32.69 years (P = 0.941), 0.96 ± 1.21 vs. 1.09 ± 1.49 (P = 0.433), and 0.33 ± 0.50 vs. 0.33 ± 0.50 (P = 0.958), respectively. The CPP symptom was diagnosed in 50 (19.53%) vs. 4 (5.19%) cases in the dysmenorrhea vs. non-dysmenorrhea group (P = 0.003). Menstrual tenesmus was reported in 75 (29.30%) dysmenorrhea vs. 7 (9.09%) non-dysmenorrhea patients (P < 0.001). Dyspareunia was observed in 72 (28.12%) vs. 5 (6.49%) cases between the groups (P < 0.001). Dyschizia was complained in 23 (8.98%) dysmenorrhea vs. 2 (2.60%) non-dysmenorrhea patients (P = 0.062). The mean levels of CA-125 were found 101.80 vs. 81.92 U/ml (P = 0.454) in these groups, while elevated levels of CA-125 were detected in 175 (73.22%) vs. 51 (68.00%) patients (P = 0.380) in the dysmenorrhea vs. non-dysmenorrhea groups. Moreover, 108 (42.19%) vs. 22 (28.57%) cases were clinically diagnosed with adenomyosis in the dysmenorrhea vs. non-dysmenorrhea group (P = 0.032). The pre-surgery infertility was diagnosed in 57 (22.18%) vs. 7 (9.09%) cases in the dysmenorrhea vs. non-dysmenorrhea group (P = 0.010).

All patients received laparoscopic cystectomy, and the diagnosis of OMA was histopathologically determined. The pelvic cavity was carefully explored to remove or coagulate any visible peritoneal implants. DIE lesions were radically removed during the procedure. Intraoperative situations are listed in Table 2.


Table 2. Surgical situations.
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Between the dysmenorrhea and non-dysmenorrhea groups, the mean surgery time was 68.0 vs. 56.0 min (P < 0.001), and the mean bleeding volume was 39.7 vs. 54.3 ml (P = 0.032). No significant differences were noticed between the two groups (P > 0.05) in the mean size of cysts and their laterality, as well as the percentage of multilocular cysts. During laparoscopy, 150 (58.4%) vs. 28 (36.4%) cases were diagnosed with the DIE in the dysmenorrhea vs. non-dysmenorrhea group (P < 0.001). Peritoneal endometriosis was observed in 123 patients. The position and invasion quantity of SUP revealed no significant differences among groups. The mean rAFS scores were 52.1 and 44.6 (P < 0.033) in the dysmenorrhea and non-dysmenorrhea groups, without any significant differences in stages (P = 0.095).

We examined the concurrency of pelvic EM in OMA patients, excluding the influence of adenomyosis. Subgroup comparison revealed concurrent DIE had a strong effect on dysmenorrhea (Table 3).


Table 3. Concurrent pelvic endometriosis conditions.
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For the whole study group, all patients had a minimum of 96 months of outpatient follow-up. No significant difference was seen in the follow-up time between the dysmenorrhea and non-dysmenorrhea groups (120.47 vs. 120.64 months; median: 119.45 months; P = 0.929). Postoperative outcomes are shown in Table 4.


Table 4. Postoperative outcomes.
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In this study, 324 patients received postoperative medical therapy, including 253 (253/257, 98.4%) dysmenorrhea patients and 71 (71/77, 92.2%) non-dysmenorrhea patients (P = 0.005). The difference between treatment regimens in the two groups was non-significant (P = 0.40). GnRHa was the most commonly used postoperative treatment in both two groups. No significant differences were noticed between the two groups in the proportion of postoperative GnRHa administration. A higher proportion of non-dysmenorrhea patients had no postoperative medical treatment (7.8% vs. 1.6%).

Successful pregnancy cases were identified in 97/257 (37.7%) patients in the dysmenorrhea group vs. 36/77 (46.8%) patients in the non-dysmenorrhea group (P = 0.157) after at least 8 years of follow-up. Successful pregnancy and live births, including both in vitro fertilization (IVF-ET) and spontaneous pregnancy, were observed in 93/97 (95.9%) vs. 36/36 (100%) patients comparing the dysmenorrhea vs. non-dysmenorrhea groups, while spontaneous abortions were reported in the remaining patients. In all 64 patients who were preoperatively diagnosed with infertility, 37 patients got pregnant after surgery. Twenty-seven patients achieved spontaneous pregnancy while 10 patients undergone ART. In the non-dysmenorrhea group, 4 patients (57.1%) had spontaneous pregnancy after surgery, and 3 patients (42.9%) remained infertile. In dysmenorrhea group, 23 patients (40.4%) had spontaneous pregnancy, 10 patients (17.5%) conceived artificially, 24(42.1%) patients remain infertile.

The recurrence rate of the dysmenorrhea group was significantly higher than that of the non-dysmenorrhea group (24.1% vs. 3.9%, P < 0.001) after completion of the follow-up. Moreover, the 5-year cumulative recurrence rate was 17.9% vs. 3.9% in these two groups (P = 0.00014).



DISCUSSION

EM is usually diagnosed as an estrogen-dependent benign medical condition found in 10–15% of women in their reproductive ages. OMA lesions are mostly detected among all EMs. Laparoscopic cystectomy is regarded as the first line of treatment in EM management (19). Here, we investigated the clinical characteristics of EM patients with or without dysmenorrhea, involving a regular follow-up for 8–12 years, which showed women without dysmenorrhea had a lower recurrence rate.

The EM symptoms widely vary among individual subjects and disease stages (20), including pain symptoms (dysmenorrhea, dyspareunia, chronic pelvic pain), and infertility. Pain is the most important symptom in patients with EM, but underlying mechanisms remain unclear. Several pathophysiological hypotheses had been proposed in this regard, such as hormone-regulated neuro-vascular pathology (21); estrogen-dependent chronic inflammation in the presence of ectopic endometrial tissue invasions (22, 23); increased prostaglandin level, and lowered threshold of pain perception due to sensitization of nerve endings (24, 25); compression and infiltration of adjacent nerves (26), and relatively higher density of nerve fibers due to increased expressions of nerve growth factors, angiogenesis, and pathological changes leading to nerve innervation into the uterus, may contribute to the central and cross-organ sensitizations (27–30). Despite dysmenorrhea being a common clinical symptom in EM patients, we noticed that some patients diagnosed with EM did not present with dysmenorrhea. Clinical features and long-term postoperative outcomes of non-dysmenorrhea patients have not been investigated to date.

In this study, we found that 23.1% of OMA patients manifested no dysmenorrhea, which was in agreement with previous findings that 17–39% of OMA patients could be non-dysmenorrhea (10–12). According to our results, baseline characteristics such as age, BMI, parity, and gravidity showed no difference between the two groups. Patients in the dysmenorrhea group were associated with relatively higher proportions of CPP, dyspareunia, and tenesmus. The concurrency rates of adenomyosis and DIE were also higher in the dysmenorrhea group. There is accumulating evidence indicating that the presence of adenomyosis and DIE are strongly associated with dysmenorrhea (31, 32). Endometriosis, in particular DIE, was also proved to aggravate tenesmus by causing pelvic floor dysfunctions (33). It might further suggest that an increased number of patients in the dysmenorrhea group had DIE and adenomyosis, and this also explains the reason for frequently observed CPP, dyspareunia, and tenesmus symptoms in this group.

Several studies have reported that DIE patients present more severe sexual dysfunctions and dyspareunia (34), and the depth and number of infiltration are associated with the dysmenorrhea severity (32, 35, 36). We initially analyzed the location and size of the concurrent pelvic EM, including SUP and DIE. Concurrent DIE was associated with dysmenorrhea. There was no significant difference in the invasive position and number of peritoneal EM between the dysmenorrhea and non-dysmenorrhea groups. Subgroup analysis also revealed that DIE was the key factor determining the occurrence of dysmenorrhea.

Surgery is the primary treatment option for OMA patients. Our results showed that the mean operating time was significantly longer in the dysmenorrhea group. Also, the mean bleeding volume and mean rAFS score were significantly higher in the dysmenorrhea group than that in the non-dysmenorrhea group.

In this study, 324 patients received postoperative pharmacological therapy. In some centers, oral contraceptives or progesterone pills are first-line postoperative therapy to prevent endometriosis recurrence (37, 38). We noticed that GnRHa was the most commonly used postoperative treatment in our center for both patients with and without dysmenorrhea. Patients without dysmenorrhea had a higher proportion of no medical therapy after surgery. Despite the higher rate of postoperative observation, a lower recurrence rate was observed in non-dysmenorrhea patients during the long-term follow up. These results suggest that the risk of EM recurrence is affected not only by postoperative medication but also by the clinical features of the disease.

The possible reason of high recurrence rate in the dysmenorrhea group might also be the concurrence of peritoneal EM and DIE in this subset of patients. Previous research had revealed that patients who received radical surgery of rectosigmoid DIE lesions showed lower suspected recurrence rates than patients who accepted conservative surgery (39). DIE lesions are often difficult to remove completely during surgery, and invisible SUPs are almost impossible to remove by surgery, which might have contributed to higher postoperative recurrence rates in the dysmenorrhea group.

Importantly, patients in the dysmenorrhea group exhibited a higher rate of preoperative infertility compared with patients in the non-dysmenorrhea group. About one-third of women with EM suffer from infertility, which is approximately twice the rate in women without EM pathology (40). It has been suggested that the extent of disease progression and the degree of reduced spontaneous fertility in EM patients could be interrelated, but the strength of this association is not well-defined. In comparison to OMA and DIE, SUP lesions are more closely associated with infertility (41). In our study, patients in the dysmenorrhea group showed higher proportions of SUP and DIE lesions, along with higher rAFS scores, indicating the occurrence of more severe intraoperative pelvic adhesions in this group of patients. Severe pelvic adhesions may distort the dissection of fallopian tubes, thereby affecting the patient's pregnancy.

At least 8 years of the post-surgical follow-up period was required for patients to reveal the actual pregnancy outcomes. We found that non-dysmenorrhea patients had a higher postoperative pregnancy rate, especially spontaneous pregnancy rate, than dysmenorrhea patients. It suggested that non-dysmenorrhea patients had better long-term pregnancy outcomes. As previously analyzed, patients with dysmenorrhea are usually closely related to the presence of DIE and adenomyosis, and they usually have higher rAFS scores. These patients have more severe pelvic adhesions and a more common inflammatory environment in the pelvic cavity. The presence of adenomyosis also interferes with embryo implantation and endometrial receptivity, which further affects the patient's long-term pregnancy outcomes. Importantly, patients in the dysmenorrhea group exhibited a higher rate of preoperative infertility compared with patients in the non-dysmenorrhea group. It could also be explained by the higher proportion of pelvic adhesions and adenomyosis in the dysmenorrhea group. As for postoperative long-term pregnancy outcomes, over half of the patients with a preoperative diagnosis of infertility had pregnancy after surgical procedure. Although there was no significant difference, patients in the non-dysmenorrhea group demonstrated a higher proportion of spontaneous pregnancies than those with dysmenorrhea. Previous studies had revealed that endometrioma cystectomy may have benefits on the chances of spontaneous conception (42). Cystectomy for endometrioma has certain effect on ovarian reserve function. Nevertheless, these negative effects of endometriosis do not reflect on pregnancy and delivery rates, which remain fully comparable and overlap with other causes of infertility (43, 44). Our result is consistent with previous research and further illustrates the relationship between postoperative pregnancy outcomes and dysmenorrhea.

As far as we are aware, the major strength of our study is that compared with previous studies, our data were collected after a real long-term follow-up, which was 8–12 years. For our patients, all the surgeries were performed primarily by one surgeon, which can eliminate many inherent confounding factors like introducing selection bias. This study also has some limitations. As a retrospective study, the main limitations of our study were recall bias. An observational design means that causal relationships cannot be established between factors and outcomes. At the same time, as a retrospective study of patients with a single surgeon in a single-center, some results may not be generalizable to a larger population. Considering the limitations of this study, in future investigations, multiple prospective studies involving non-dysmenorrhea patients are warranted to develop predictive models for clinicians toward a better understanding of the treatment strategies and prognosis.



CONCLUSIONS

In this study, we summarized the clinical characteristics, surgical findings, and postoperative outcomes of OMA patients without dysmenorrhea in a long-term follow-up. Compared with dysmenorrhea, non-dysmenorrhea was significantly correlated with a lower proportion of CPP, dyspareunia, tenesmus, lower concurrency of DIE, adenomyosis, shorter operating time, a lower rAFS score, and lower infertility rate.

Also, non-dysmenorrhea patients exhibited a significantly lower rate of recurrence during the long-term follow-ups. Therefore, gynecologists should pay special attention to the clinical features of OMA patients. Non-dysmenorrhea patients have milder surgical difficulties and lower postoperative recurrence rates. The postoperative treatments need to be discussed separately.
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Background: Studies evaluating the relationship between intrauterine hematoma in the first trimester and prenatal complications are conflicting.

Objectives: To evaluate whether intrauterine hematoma identified in the first trimester in women with singleton pregnancies is associated with adverse perinatal outcomes.

Search Strategy: A comprehensive literature search of three databases (Embase, PubMed, and Web of Science) was performed up to September 2021.

Selection Criteria: Cohort and case-control studies that have evaluated the relationship between intrauterine hematoma identified before 14 gestational weeks and the risk of prenatal complications, in women with a singleton pregnancy.

Data Collection and Analysis: Two members of our team independently assessed the studies for inclusion, collected the data of interest, and assessed the risk of bias, and calculated pooled odds ratios (ORs) using random-effects models.

Main Results: Nine studies, including 1,132 women with intrauterine hematoma and 11,179 controls met the inclusion criteria. Intrauterine hematoma increased the risk of spontaneous abortion [OR 2.15, 95% confidence interval (CI) 1.23–3.75], preterm birth (OR 1.83, 95% CI 1.37–2.43), fetal growth restriction (OR 2.33, 95% CI 1.13–4.83) and placental abruption (OR 3.16, 95% CI 1.23–8.13). No statistically significant association was found between intrauterine hematoma and preeclampsia (OR 1.30, 95% CI 0.87–1.94).

Conclusion: Intrauterine hematoma in the first trimester of pregnancy increases the risk of spontaneous abortion, preterm birth, placental abruption, and fetal growth restriction.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/.

Keywords: intrauterine hematoma, singleton pregnancy, first trimester, prenatal complications, spontaneous abortion


INTRODUCTION

Intrauterine hematomas (IUHs) are commonly found on routine obstetric ultrasonography during the first trimester, however, they can be randomly observed throughout the pregnancy (1, 2). In ultrasound imaging, IUH often appears as a hypoechoic area between the uterine wall and chorionic membrane (2, 3). According to the literature, the incidence of IUH varies from 1 to 39.5% among previous studies, and this huge variation is mainly attributed to the heterogeneity in the study cohorts, definitions, ultrasonic equipment employed, and timing of diagnosis (4–8).

It was first proposed by Mantoni and Pedersen in 1981 (9), and several studies have sought to clarify the relationship between IUH and prenatal complications; however, the association remains uncertain and inconsistent. Some authors thought that compared with pregnant women who did not have IUH, women with IUH were not at a higher risk of adverse prenatal complications (10, 11). However, other researchers have contrasting opinions. They concluded that for women with IUH identified by ultrasonography, the risk of prenatal complications, including spontaneous abortion, premature labor, and fetal growth restriction (FGR) increases dramatically (12–14).

In 2011, Tuuli et al. (15) performed a systematic review and meta-analysis focus on the relationship between IUH and pregnancy complications. Seven studies, including 1,735 women with IUH and 70,703 controls, were included in their study. They reported that IUH significantly increased the risk of spontaneous abortion, stillbirth, placental abruption, preterm labor, and preterm premature rupture of membranes (PPROM) (15). They also found that IUH detected by ultrasound imaging during the first and second trimesters did not cause an increase in the incidence of FGR and preeclampsia (15). However, some limitations of this meta-analysis should be discussed. A major limitation of their study was the significant clinical heterogeneity among the included studies. Among these studies they included, the diagnosis time of IUH varied from 5 to 24 weeks of gestational age. In addition, the diagnostic criteria for IUH and definitions of the outcomes of interest were heterogeneous across studies. Following their systematic review, some high-quality studies on this topic have been published (4–6, 16–18).

Briefly, we believe that it is of clinical significance and necessary to conduct an updated literature review on this topic.



MATERIALS AND METHODS

This systematic review and meta-analysis were conducted following the recommendations of “The PRISMA 2020 statement: an updated guideline for reporting systematic reviews” (19) and “meta-analyses and systematic reviews of observational studies in epidemiology (MOOSE) group” (20). The protocol of this study was registered in PROSPERO (Registration no. CRD42020183315).

The literature search, eligibility identification, quality assessment, and data collection were performed independently by two or three members of our team. Any disagreements in these processes were resolved through discussion or, if necessary, consultation with a third senior researcher (Ai Zheng).


Literature Search

Three electronic databases (Embase, PubMed, and Web of Science) were searched for eligible studies (database inception to 14 September 2021). Given our limited linguistic proficiency, the searches were limited to studies published in English journals. Studies that have reported the results of interest, regardless of the type, were included. Medical subject headings, keywords, and search strategies were tailored for each electronic database by Yu Xu, who specializes in medical literature retrieval. Gray literature resources, such as conference summaries identified by database searches and the reference lists of eligible studies, were reviewed and searched for potentially eligible studies. Step-by-step search strategies for Embase, PubMed, and Web of Science are presented in Supplementary Material 1.



Study Selection

Retrieved records from the database and manual searches were managed using EndNote (version X9). The study selection process was independently conducted by two members (Zhaojuan Qin and Yu Xu) of our team. First, duplicate studies were excluded. Subsequently, an initial assessment of relevance was made by reviewing the titles and abstracts of the remaining records. Finally, the full text of the remaining records was reviewed for eligibility.

Observational studies (cohort studies, or case-control studies) were included if they met the following inclusion criteria: enrolled adult women (aged >18 years) with singleton intrauterine pregnancy; patients of the case-cohort had IUH identified by ultrasound imaging in the first trimester, and the women in the control cohort had normal pregnancies; pregnancy outcomes and complications were compared between the two cohorts; results were reported in the form of odds ratios (ORs) with 95% confidence intervals (CIs). The first trimester was defined as the time between the 1st day of the last menstrual period and the end of the 13th week of pregnancy. Gestational age was identified based on ultrasound biometric measurement (crown-rump length) of the fetus when the last menstrual period was unknown (21).

Studies were excluded for the following reasons: results were not reported in a peer-reviewed journal; results were reported in languages other than English; the study population was duplicated in another study included in final results analysis; the study cohort included women with multiple pregnancies; or the study cohort only included women whose pregnancy was achieved by assisted reproductive technology. When studies with duplicate cohorts were found, studies with more participating centers or larger sample sizes were included in our meta-analysis.



Quality Assessment

The risk of bias of each eligible study was assessed using the guidelines of the “Newcastle-Ottawa Scale (NOS) for the assessment of the quality of non-randomised studies in meta-analysis” (22). The NOS estimates the risk of bias by assigning points to eight items that which are categorized into the following three domains: “selection of participants, measures of exposure and outcome variables, and appropriate control of confounding” (22). A star system was employed to enable a semi-quantitative assessment of the risk of bias (22). As is commonly accepted in previous studies (23–25), the risk of bias in a particular study is thought to be low if the NOS score is at least 7 points. Otherwise, the risk of bias was considered to be high. The quality assessment of this study was independently performed by Yi Du and Ya-li Chen, and any dispute was resolved by discussion.



Data Extraction and Synthesis

A pre-designed spreadsheet was used for data extraction, and Zhao-juan Qin and Liang Sun independently collected the data collection step. The name of the first author, study design, size of the study cohort, year of publication, timing of IUH identification, IUH definition, number of events of interest, and ORs were extracted from all included studies. The collected data were reviewed and validated by a third investigator (Yu Xu). When data were unavailable in a publication, we made efforts to contact the corresponding author to obtain the missing details.

The pregnancy complications or outcomes of interest in this study were spontaneous abortion, preterm birth, FGR, placental abruption, and preeclampsia. Spontaneous abortion was defined as loss of pregnancy without external intervention before 28 weeks of gestation (26). Preterm birth was defined as delivery after 28 weeks of gestation but <37 weeks (27). FGR was defined as a birth weight less than the 10th percentile for gestational age, according to population norms. Placental abruption was defined as the removal of the placenta from the endometrium before delivery of the fetus (28). Preeclampsia was defined as blood pressure ≥140/90 mmHg intervals of more than 4 h apart, with proteinuria simultaneously, quantified by 24 h urine collection (> 3 g protein/24 h), after 20 weeks of gestation in a woman with previously normal blood pressure (29).

Separate meta-analyses were performed for each of the prenatal adverse outcomes, where possible. Heterogeneity was assessed statistically using the χ2 test and I2 value, and χ2 test for heterogeneity, and the extent of heterogeneity was quantified using the I2 value. An I2 statistic ≥50% and P < 0.1 indicated a high risk of heterogeneity. Random-effects models were used to combine ORs from different studies owing to the possibility of clinical heterogeneity. If there was significant heterogeneity among the included studies, possible sources of heterogeneity were investigated via sensitivity analysis. If the results of some original studies could not be statistically pooled by meta-analysis, they were presented in a tabular.




RESULTS


Selection and Characteristics of Studies

Through literature searches, 377 records were identified in total. After duplicate studies were excluded, 310 literatures were reviewed the titles and abstracts, 32 literatures were screened in full text, and nine studies (4–6, 14, 16–18, 30, 31) with 12,311 patients involved were eventually included in data analysis. Characteristics of the 9 included articles are shown in Table 1. The study selection process is presented in Figure 1. These studies were published since 1996 to 2020, number of included samples ranged from 88 to 6,675. Among them, five studies were cohort studies and four were case-control studies.


Table 1. Characteristics of the studies included in the review.
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FIGURE 1. The flow chart of study selection.




Assessment of Bias Risk

The overall quality of the studies included was acceptable, as shown in Table 2. Five of the studies had a medium risk of bias, and four had a low risk of bias. All cohort studies and case-control studies had a low risk of bias in terms of selection and comparability. All included studies had scores above 7 points, with a maximum score of 9 points.


Table 2. Risk of bias in the studies.
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Pooled Estimates of Outcomes of Interest
 
Spontaneous Abortion

Six studies (4–6, 17, 18, 30) reported the risk of spontaneous abortion in pregnant women diagnosed with IUH before 14 gestational weeks. The meta-analysis showed that for IUH in the first trimester of pregnancy, increases the likelihood of spontaneous abortion [odds ratio (OR) 2.17, 95% confidence interval (CI) 1.29–3.63] (Figure 2A). Significant heterogeneity was observed (χ2 = 20.90, P = 0.001, I2 = 75%). Accordingly, sensitivity analysis was performed to explore the influence of a single study on the pooled results of the meta-analysis. The results of the sensitivity analyses showed that the study by Al-Memar et al. (4) had a great influence on the results of the pooled synthesis. After excluding that study, the meta-analysis of the remaining five studies revealed that IUH was still associated with an increased risk of spontaneous abortion (OR 2.57, 95% CI 1.67–3.95), with low heterogeneity (I2 = 39%).


[image: Figure 2]
FIGURE 2. Forest plots of outcomes comparing the intrauterine hematoma group with the control group (A), spontaneous abortion (B), preterm birth (C), fetal growth restriction (D), placenta abruption (E), pre-eclampsia.




Preterm Birth

Eight studies (4, 5, 14, 16–18, 30, 31) reported the risk of preterm birth in pregnant women with IUH identified in the first trimester, and the pooled ORs using random-effects models revealed an increased risk of preterm birth (OR 1.83, 95% CI 1.37–2.43; Figure 2B) in women with IUH when compared to women with normal pregnancies. No significant heterogeneity was noted among these studies (χ2 = 9.62, P = 0.21, I2 = 27%).



Fetal Growth Restriction

Six studies (4, 14, 16–18, 31) reported FGR as an outcome. IUH was increased the likelihood of FGR (OR 2.33, 95% CI 1.13–4.83; Figure 2C). There was statistical heterogeneity among the studies (χ2 = 15.92, P = 0.007, I2 = 69%). Similarly, for the outcome of FGR, the pooled OR was unchanged when Palatnik's study (16) was excluded (OR 2.90, 95% CI 1.93–4.37), showing low heterogeneity (I2 = 0%).



Placental Abruption

Five studies (4, 14, 16, 18, 31) reported placental abruption as an outcome. IUH was also significantly increased the likelihood of placental abruption (OR 3.16, 95% CI 1.23–8.13; Figure 2D). Statistical heterogeneity was noted in placental abruption (χ2 = 15.12, P = 0.004, I2 = 74%). For the outcome of placental abruption, the pooled OR was unchanged when Al-Memar's study (4) was excluded (OR 5.13, 95% CI 2.71–9.71), demonstrating low heterogeneity I2 = 9%.



Preeclampsia

Five studies (4, 14, 16, 18, 31) reported preeclampsia as an outcome. However, no statistically association was observed between IUH and preeclampsia (OR 1.30, 95% CI 0.87–1.94; Figure 2E). There was statistical heterogeneity in preeclampsia (χ2 = 13.12, P = 0.01, I2 = 70%). Regarding the outcome of preeclampsia, the pooled OR was unchanged when Nagy's study (14) was excluded (OR 1.31, 95% CI 0.83–2.06), presenting low heterogeneity I2 = 0%.





DISCUSSION

Before the placenta structure has been formed, the exchange barrier between mother and fetus is the chorion. IUH is another common term for intrauterine bleeding. In IUH, ultrasound imaging detects a hematoma or hypoechoic hemorrhage between the uterine wall and the gestational sac, which is the separation of fetal membranes in the first trimester, also known as subchorionic hemorrhage. Most women present with mild vaginal bleeding, but some are asymptomatic on ultrasound imaging. In general, IUH is relatively common in clinical practice, with an incidence of 2.8% (14) to 28.3% (4) among the nine studies included in our meta-analysis. This may be due to the use of more advanced ultrasound equipment during the first trimester, which provides higher-quality images. The gestational age at the initial prenatal examination is earlier than in the past, and many asymptomatic IUH cases are detected early. In clinical practice, pregnant women with IUH are prone to anxiety. However, there is a lack of consensus on whether IUH found in the first trimester by ultrasonography increases the risk of prenatal adverse events in ongoing singleton pregnancies, for example, among studies assessing whether IUH increases the likelihood of spontaneous abortion in the first-trimester, some show an increased risk of spontaneous abortion (16, 18), whereas others elaborate no increased risk (4, 6, 31). For obstetricians, when dealing with counseling for pregnant women with IUH, the research conclusions of the current studies may be confusing. However, the present meta-analysis suggests that an IUH during the first trimester significantly increased the likelihood of spontaneous abortion in pregnant women, compared with normal pregnancy. In addition, IUH also increased the likelihood of preterm birth, placental abruption and FGR. The present study shows that IUH was not associated with the occurrence of preeclampsia.

According to current research results, there have been three systematic reviews on this topic (2, 15, 32). Pearlstone et al. (2) reported that a small IUH was common in the first trimester and did not increase the risk of pregnancy complications during pregnancy. While Tuuli et al. (15) concluded that IUH increased the risk of spontaneous abortion, stillbirth, preterm delivery, and PPROM. The latest one demonstrated that a retroplacental, posterior or subchorionic in the fundus of uterus, and/or persistent IUH is associated with adverse outcomes in the ongoing pregnancy (32). However, they included women in both the first trimester and second trimester of pregnancy. Xiang et al. (32) even inclusive the series case report, the case-control studies and cohort studies, and synthesis the results of different types of studies.

The strength of our study is that this is the first study to generalize the available evidence evaluating the relationship between prenatal complications of singleton pregnancies and IUH in the first trimester. In addition, previous systematic reviews identified and collected literature before January 2014. By contrast, the present review was based on an exhaustive search of high-quality research until September 2021. In comparison, our study had a larger number of participants, including pregnant women with IUH detected only on ultrasound examinations performed before 14 weeks of pregnancy. Therefore, we believe our results are more reliable than those obtained when comparing prenatal complications of singleton pregnancies with those of IUH in the first trimester.

Importantly, the conclusions of our study have significant health care practice implications, and we may provide information to obstetricians for future clinical practice decisions. Therefore, this meta-analysis can guide the clinical decision-making. Women with IUH before 14 weeks of gestation can be counseled about that they are at increased risk of spontaneous abortion. They should also be informed that they may develop placental abruption, FGR, an increased risk of preterm birth, and possibly receive more surveillance during pregnancy.

This study also has some limitations. A considered heterogeneity is estimated between studies, because of differences in diagnostic methods, criteria, and sampling frames. Regarding the influence of IUH on pregnancy outcomes, the diagnosis was made by transvaginal sonography or abdominal sonography. The location, volume, and duration of IUH, combined with threatened abortion symptoms such as vaginal bleeding and abdominal pain, may affect the pregnancy outcomes, and there may be mixed bias in related studies. Heller et al. (3) evaluated and compared several grading systems of IUH size in a study population of first-trimester pregnancies, and estimated IUH size in relation to the gestational sac size was superior to other methods of IUH quantification. Therefore, the size of the hematoma relative to the gestational sac size is considerably remarkable. There may be no complications in cases with small hematomas, but important complications may occur in those with larger hematomas. Hashem et al. (18) demonstrated that spontaneous abortion was more likely to occur with large hematomas than small-sized IUH, this was also supported by Ozkaya et al. (17). Due to the inconsistent grading standards of IUH size in our included literatures, we did not have enough data to discuss the impact of IUH size on prenatal complications. There may be differences in exposure and outcomes in terms of diagnostic methods and criteria. We only included literatures publications in English. Therefore, we minimized potential bias by having two independent reviewers screen eligible studies, extract data, and assess the quality of included studies.

At present, the research on the etiology of IUH is still unclear. Part of the reasons may be the external impact on the abdomen in the early pregnancy, or gestational hypertension during pregnancy, which may lead to the separation of part of the fetal membranes from the uterine wall. In addition, IUH may be more common in in-vitro fertilization pregnancies and multiple pregnancies (33). The length of the cervical canal also influences the separation of the fetal membranes. Taken together, our study suggests that women with IUH have an increased the likelihood of having adverse prenatal complications such as preterm birth, spontaneous abortion, placental abruption, and FGR, in the first trimester. In addition, further research is needed to investigate the possible mechanisms by which IUH is associated with antenatal adverse events.



CONCLUSION

To the best of our knowledge, this is the first study to assess the association between prenatal complications in a single pregnancy and IUH in the first trimester of pregnancy. These results indicate that IUH in the first trimester of pregnancy increases the risk of preterm birth, spontaneous abortion, placental abruption, and FGR. Nonetheless, further studies are required to confirm this finding.
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Background: Recent evidence suggests that the use of orthopedic manual therapy (OMT) may lessen the subsequent risk of low back pain (LBP), but this association has not been examined among pregnant women who are at higher risk of LBP. This study aims to determine whether the addition of OMT to conventional LBP treatment before pregnancy could decrease the subsequent risk of LBP during pregnancy.

Methods: From Taiwan's National Health Insurance Research Database, we identified 68,960 women, 20–55 years of age, with first pregnancy between 2001 and 2012. We then performed a nested case-control study in which 3,846 women with newly diagnosed LBP were matched to 3,846 controls according to age and cohort entry year. Multivariate conditional logistic regression was employed to estimate the association between OMT use before pregnancy and LBP during pregnancy.

Results: OMT users had a lower risk of LBP than did non-users, with an adjusted OR of 0.86 (95% CI, 0.78–0.93). Subgroup analysis showed that women with high intensity use of OMT treatment prior to pregnancy reported the lowest level of LBP during pregnancy by nearly 30%.

Conclusion: The pre-pregnancy use of OMT treatment significantly decreased LBP risk during pregnancy, especially with high-intensity use. Thus, clinicians may consider recommending OMT for pregnant women to avoid possible obstetric complications during the pregnancy.

Keywords: low back pain, orthopedic manual therapy, pregnancy, nested case-control study, risk


INTRODUCTION

Low back pain (LBP) is increasingly common worldwide. Epidemiological surveys from different centuries put LBP figures, during lifetime, at between 377.5 million in 1990 and 577.0 million in 2017, translating to an increase by nearly 53% (1). LBP affects all age groups, especially women during pregnancy, affecting 7 out of 10 pregnant women (2). Extreme LBP places the affected women at increased risk of developing perinatal depression, thus compromising both maternal and pediatric health (3). Despite the high prevalence of pregnancy-related LBP and its significant impact on women's quality of life, the physiological and biomechanical processes underlying the development of pregnancy-related LBP remain unclear (4). The extra weight and body changes in pregnancy along with loosened joints and ligaments due to hormonal changes are implicated in this condition. A recent study suggests that morphometric differences in the paraspinal muscle before pregnancy may be associated with subsequent clinical symptoms, particularly LBP (5).

Acetaminophen and non-steroidal anti-inflammatory drugs are common treatments for LBP. However, such medications can cause neurological and renal problems (6). A recent cohort study in the US reports that pregnant women receiving NSAIDs experienced a 60% higher risk of miscarriage than did those who did not (7). Thus, shifting the approach to managing LBP, from treatment to early prevention, is imperative, particularly for such groups (8).

Orthopedic manual therapy (OMT), an important branch of traditional Chinese medicine, has recently become a popular form of treatment for pain (9). A randomized sham-controlled trial showed that adding OMT to conventional treatment resulted in a greater decrease in LBP and functional disability than did conventional care without OMT (8). OMT treatment was reported to have favorable therapeutic outcomes among patients with inflammatory conditions and was proposed to act via regulation of specific circulating cytokines and leukocytes (10, 11). In view of the growing body of evidence suggesting that abnormal inflammatory responses may contribute to a predisposition to LBP (12, 13), the use of OMT prior to or early in pregnancy might lessen the risk of having LBP in later pregnancy. Accordingly, this study aims to determine whether adding OMT to conventional treatment for LBP before pregnancy could lessen the subsequent risk of LBP during the pregnancy period.



METHODS


Data Source and Identification of Participants

Taiwan's NHI program, launched in 1995, is a single-payer government-operated compulsory health insurance program. As of 2015, up to 99.6% of Taiwan's population was enrolled in the NHI program (14). The Longitudinal Health Insurance Database (LHID), the database for the NHI program, is made up of one million randomly beneficiaries under the NHI and contain registration profiles that cover (i) enrollees' demographic information; (ii) health insurance claims data; (iii) diagnostic codes; (iv) contracted pharmacies; and (v) medical examination information from the NHI program. Due to the use of a multistage stratified systematic sampling design, it ensures no significant deviations in the distribution of sex and age between the LHID enrollees and the general population. This study was approved by the local institutional review board and ethics committee of Buddhist Dalin Tzu Chi Hospital (No. B10803015-1).

In this nested case-control study, the relevant disease designation was defined by using the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) code in the medical record diagnosis field. First, we recruited pregnant women 20–55 years of age who had a first-time diagnosis of pregnancy as V22, V23, or 640–648 in the outpatient dataset or as operation code 74 in the inpatient dataset for cesarean delivery between 2001 and 2012 (n = 70,638). The patients were divided into two groups according to whether they have, or have not, sought ambulatory healthcare services for LBP during their pregnancy (ICD-9-CM codes 721.3, 722.1, 724.02, 724.09, 724.2, 724.3, 724.5, 724.9) (15). To minimize the potential for disease misclassification, LBP was defined as at least three consensus diagnoses during outpatient visits, within 1 year, or hospital admission with a primary diagnosis, all with the required diagnostic code for LBP. The first LBP diagnosis was defined as the index date. The control group comprised patients randomly selected from the remaining insured pregnant women without LBP. For each patient, one matched control was selected using frequency matching for age and entry date. Each control was assigned the index date of the corresponding patient. After matching, we then analyzed the history of OMT use for LBP before pregnancy in both groups (Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart of patient screening.




Definition of Exposure

From the medical claims data, we defined history of OMT use as the code “C4” in records of ambulatory care visits dating from 1996, when computerized claims data from the LHID became available, until the index date. For inclusion, we required that OMT services were provided by a certified Chinese medicine physician to ensure diagnostic validity and to avoid any potential misclassifications. Under the NHI program in Taiwan, only certified Chinese medicine physicians are allowed to provide OMT therapy that contains high-velocity/low-amplitude (HVLA) and myofascial release (MFR).



Inclusion of Potential Confounders

Potential confounders included age, monthly income (for estimating insurance payment), urbanization level of the enrollee's residential area, and previous comorbidities. Monthly income was separated into 3 classes, from lowest income (class 1) to highest income (class 3). A previous study classified urbanization into 7 levels, with a higher number indicating a more urban environment (16). In this study, we classified urbanization into 3 levels: high (metropolitan cities), medium (small cities and suburban areas), and low (rural areas). Baseline comorbidities for each woman were determined based on claims data for 1 year before index date, all of which were assessed by the established Charlson-Deyo comorbidity index (CCI) (17). It is a commonly used method of categorizing comorbid conditions of patients based on the diagnostic codes found in administrative data. Higher scores on the CCI are indicative of a more severe impact of the concomitant comorbidities.



Statistical Modeling

All statistical analyses were carried out using SAS version 9.3 software (SAS Institute Inc., Cary, NC, USA). We used the Chi-square test and independent t-test to compare demographic characteristics between the patients and controls. Univariate conditional logistic regression analysis was used to estimate the crude association between each covariate and LBP during pregnancy. Multivariate conditional logistic regression analysis was used to evaluate the association between a previous history of OMT use and LBP. All multivariate models were adjusted for patient comorbidities and demographic data. Furthermore, to ensure robustness of the findings herein, we conducted a sensitivity analysis that further divided all subjects into 2 groups, according to their placement of either above and below the 50th percentile for the frequency of OMT use. This procedure allowed us to directly estimate the effect of OMT on LBP prevention. The associations are presented as odds ratio (OR) with 95% confidence interval (CI). The statistical test results were considered significant with a 2-sided p < 0.05.




RESULTS

From the original cohort, we identified 3,846 women with newly diagnosed LBP and 3,846 controls who did not experience LBP during pregnancy. The baseline characteristics of the two groups are shown in Table 1. The age distribution between them were well-matched, with a mean age of 29.60 ± 6.21 years for all enrollees (Table 1). The majority of participants had a monthly income of NTD 17,881–43,900 (81.6%) and lived in urbanized areas (58.4%). For comorbidities, the mean CCI score was 0.42 (±1.96). Collectively, no significant differences were observed between the two groups with respect to age, monthly income, location of residence, or CCI score after random matching, indicating that the two groups were comparable in baseline characteristics.


Table 1. Subject demographic data and comorbidities.

[image: Table 1]

We next used multivariable logistic regression models to identify the association of previous OMT use with the sequent risk of LBP during pregnancy (Table 2). Those who ever used OMT had a lower risk of LBP than those who did not (adjusted OR, 0.86; 95% CI, 0.78–0.93). Notably, high-intensity OMT was associated with a nearly 30% lower risk of LBP, which suggests a dose-dependent inverse relationship between OMT use and the risk of LBP during pregnancy (adjusted OR, 0.72; 95% CI, 0.64–0.84).


Table 2. The association between LBP onset and use of OMT before pregnancy.
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DISCUSSION

This is the first study to our knowledge to report the OMT use prior to the pregnancy may lessen the subsequent risk of LBP during the pregnant period. We discovered that the rate of LBP throughout pregnancy was significantly lower among women who ever underwent OMT for LBP before pregnancy than among those who did not. Notably, those receiving high intensity OMT treatment had a nearly 30% lower risk of LBP than did non-OMT users. No earlier research findings have shown this relationship, rendering a comparison of results impossible. Yet, the findings obtained herein are consistent with earlier research findings and add to the growing body of knowledge on the beneficial effects of OMT for patients with chronic diseases (11, 18, 19).

While the underlying mechanisms of OMT are still not well-understood, several hypotheses have been proposed to explain the positive effect of OMT on reducing LBP. First, one study notes that use of OMT was helpful for normalizing paraspinal muscle activity and side-to-side balance, as determined by muscle functional magnetic resonance imaging (mfMRI). This treatment relieved pain and functional disability caused by lumbar muscle asymmetry, thus lessening the recurrence of LBP (20). Second, women affected by LBP are reported to have a tendency toward higher levels of pro-inflammatory cytokines such as interlukin-1 beta (IL-1), interlukin-6 (IL-6), and tumor necrosis factor-α (TNF-α), both locally and systemically (12, 13). As of now, OMT is gaining acceptance among pregnant women, with medical professionals reporting that they adopt OMT for treating chronic LBP because of its beneficial anti-inflammatory effects (8). An in vivo study of patients with chronic LBP showed that the inflammatory response significantly decreased after implementation of a 6-session regimen of OMT (10). Recent studies also indicated that regulation of the autonomic nervous system functions may underlie the benefits of OMT, thus resulting in the reduction of pro-inflammatory substances (11, 21). Immune cells and inflammatory responses are affected by both parasympathetic and sympathetic efferent nerves (22), with the latter implicated in the earlier stages of the inflammatory process and the former playing a decisive role in regulating innate immune responses and cytokine function in chronic process (23, 24).

While the clinical success of OMT observed in this study may support the hypothesis that OMT modulates biomechanical function and reduces LBP onset, several limitations should be considered. First, our findings were derived from analysis of retrospective claim data based on ICD-9-CM diagnostic codes. Thus, relevant cases may have been misclassified. To improve diagnostic accuracy and minimize overestimation of the prevalence of conditions of interest, we enrolled only women with a first-time diagnosis of pregnancy or LBP. LBP classification required either: (a) at least three outpatient visits reporting consistent diagnoses in 1 year or (b) at least one inpatient admission. In addition, the NHI Administration randomly reviews the records of 1 in 100 ambulatory care visits, and 1 in 20 in-patient claims to verify the accuracy of the diagnosis. Also, a certain degree of exposure misclassification is inevitable. However, because the coding approach and data set were similar, regardless of case/control status, we believe this bias to be non-differential to cause an underestimate of the association. Second, the LHID lacks information on variables such as social network relationships, family history, laboratory data, and fetal weight. Accordingly, residual confounding might occur in the observed association. Third, the records of OMT are administratively integrated and are only available in a single location, thus precluding further examination of the initial database. It is, therefore, impossible to directly identify which specific OMT was applied to each patient. As a result, data are not available to directly compare specific therapeutic effects across diverse forms of OMT. Future research to address this concern, by using clinical survey in diverse groups of individuals, is warranted. Finally, despite our balanced study design, in which several confounding factors were adequately controlled, data derived from a retrospective nested case-control study are generally of lower statistical rigor than those derived from randomized trials because of potential biases. Therefore, well-designed randomized controlled trials are needed to minimize confounding by covariates not explicitly accounted for in the present design, thus paving the way for further in vivo studies on the effect of OMT on patients with other chronic disorders. These limitations notwithstanding, this investigation has several strengths. A major strength of this study is that it included a large, population-based sample that is highly representative, leaving little room for selection bias. Moreover, compared with former studies, our outcomes were based on administrative codes instead of patient self-report, and our multivariate model included adjustment for several potentially significant covariates, all of which could strengthen the validity of the study findings.



CONCLUSION

To our knowledge, this study is the first large-scale investigation of the effect of OMT on the risk of pregnancy-related LBP based on nationwide figures. We found that high-intensity use of OMT prior to the pregnancy indeed ameliorated LBP risk in later pregnancy by nearly 30%. These findings suggest that clinicians might consider recommending OMT to pregnant women to minimize subsequent obstetric complications and negative effects on pediatric health throughout the pregnancy period.
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Primary vaginal stones have been rarely reported; the reports that do exist are usually case reports. Because of their low incidence, they are often misdiagnosed. This case report and literature review of a primary vaginal stone presents an assessment of symptoms and common risk factors for vaginal stone formation. A 28-year-old woman with spastic quadriplegia who had been bedridden for most of her life presented to the emergency department for abdominal distension and fever. She had chronic constipation, recurrent urinary tract infections (UTIs), and vaginal discharge. Abdominopelvic computed tomography (CT) was performed and a large stone observed. The vaginal stone was completely removed through the vaginal stump after hysterectomy. Differential diagnoses of vesicovaginal fistula, urethrovaginal fistula, genital anomaly, and ectopic ureter were made by performing several tests using indigo-carmine dye. She recovered from surgery without any complications. There was no recurrence of vaginal stones after 3 months. A biochemical analysis reported that the vaginal stone was 100% struvite. Vaginal stones are caused by repeated infections in an environment in which urine collects gradually. Patients with recurrent UTIs who are bedridden should be able to prevent vaginal stones with periodic gynecological examinations for early diagnosis and management.


KEYWORDS vaginal stone, spastic quadriplegia, primary vaginal calculus, struvite, recurrent urinary tract infections (rUTIs)





Introduction

Vaginal stones are rare and have been presented only in case reports (1). Stones can occur in the kidney, ureter, bladder, gallbladder, and salivary glands; however, they are commonly found in the urinary system (2). Vaginal stones, also called vaginal calculus, are formed by a mechanism similar to that of urinary stones (3). They are classified as primary or secondary depending on the presence or absence of nidus. Primary vaginal stones result from urine stasis in the vagina; however, secondary vaginal stones form as urine crystalizes around foreign bodies in the vagina (4, 5).

There have been several case reports of vaginal stones; however, they have been found sporadically over the course of approximately 80 years. Therefore, we conducted a review of case reports published in English after the 2000s. While reviewing these case reports, paralyzed patients who spent most of their time bedridden accounted for a high proportion of vaginal stone cases. We aimed to contribute to the knowledge of the origin of vaginal stones among bedridden patients and to prevent this disease by reviewing the literature and sharing our case.



Case Presentation

A 28-year-old woman presented with fever and abdominal distension to our tertiary hospital emergency department. Abdominopelvic contrast-enhanced computed tomography (CECT) was performed to find the cause of the fever, and a large, hard mass was observed in the vagina (Figure 1). Therefore, she was referred to the gynecology department. The patient was living in a social welfare facility because she had no relatives. Therefore, her caregiver, who was a staff member at the facility, had limited knowledge of the patient's family history and medical history. The caregiver told us that the patient had chronic constipation, recurrent urinary tract infections (UTIs), and vaginal discharge with odor for a prolonged time. The patient had quadriplegia as a result of cerebral palsy when she was young and had undergone laparotomy for peritonitis at approximately 7 years of age. She had severe mental and motor disabilities, joint contractures involving the lower and upper limbs, and spasticity. She spent most of her time bedridden in a supine position and defecating in diapers. Both ovaries and the uterus were normal according to CECT, and there was a 9.3 cm × 8 cm × 6 cm mass compressing the rectum between the bladder and colon; therefore, we suspected that the stone was inside the vagina (Figure 1). During physical examination, her abdomen was distended, her external genitalia was normal, and her hymen was intact. Vaginal discharge was mucoid, yellowish-gray, and had an unpleasant odor. During the speculum examination, a stone-like mass was found within the vagina. Because of her fever, bacteriuria, and pyuria, our diagnosis was UTI accompanied by a vaginal calculus. Proteus vulgaris and Streptococcus anginosus were found in her urine culture. The UTI was treated antibiotics. We consulted with a urologist and decided to use Holmium laser lithotripsy to cut the vaginal stone into pieces so it could be removed through the vaginal opening. Under general anesthesia, we placed her in the lithotomy position and tried to cut into the vaginal stone with Holmium laser lithotripsy for about 6 h and 45 min; however, the stone was too hard. Consequently, surgery was ended without removing the vaginal stone. She recovered well from surgery and was discharged approximately 1 week later. However, during her follow-up examination at the clinic, it was observed that an edge of the broken stone had stabbed the vaginal wall, resulting in bleeding and inflammation. The secretion worsened and the UTI recurred. After discussion with one of her caregivers, we decided to remove the vaginal stone by performing hysterectomy through laparotomy after treating UTI with antibiotics and daily vaginal irrigation. Under general anesthesia, hysterectomy was performed with a low-midline incision in the lithotomy position. After hysterectomy, the stone was carved out of the vaginal stump using a small drill for approximately 1 h (Figure 2). The vaginal stone was completely removed (Figure 3). To rule out other causes of vaginal stone formation during surgery, the vaginal wall was inspected closely after injection of intravenous indigo-carmine dye. We did not find an ectopic ureter or fistula. The patient was discharged without complications 10 days after surgery. Her caregiver was instructed to maintain the patient's posture upright at least twice per day and to visit the gynecology clinic periodically to prevent the recurrence of vaginal stones. Three months after surgery, the patient had no vaginal stone or UTI recurrence. The vaginal stone weighted 600 g. The biochemical analysis indicated that it comprised 100% struvite.


[image: Figure 1]
FIGURE 1 | Computed tomography (axial view) show 9.3 cm × 8.0 cm high density mass with smooth margin between bladder and rectum.



[image: Figure 2]
FIGURE 2 | After hysterectomy, stone can see through stump during surgery.



[image: Figure 3]
FIGURE 3 | Round laminated vaginal stone was removed through stump after grinding.




Literature Review

We searched PubMed and EMBASE for primary vaginal stones and primary vaginal calculus. The search was limited to articles published from January 1, 2000 to March 30, 2022. We included pediatric articles; however, we excluded articles related to secondary vaginal stones. The relevant data summarized in Table 1 were extracted from the case report descriptions. The ages of the patients ranged was from 4 to 69 years. Of a total of 24 patients, 14 presented with urogenital defects or anomalies such as vesicovaginal fistula, urethrovaginal fistula, and vaginal outlet obstruction. Ten out of 24 patients were bedridden with paraplegia or tetraplegia (42%). The periods when patients were bedridden ranged from 5 years to 42 years. The correlation between the length of the bedridden period and the vaginal stone size was not significant. Most case reports included urinary incontinence and recurrent UTIs. Nonspecific symptoms such as fever and stone passage were observed in children and paralyzed individuals. The main causes of vaginal stones are described in Table 1. In 22 of the 24 case reports, urine stagnation was the main cause of vaginal stones. The two excluded case reports, which included vaginal outlet obstruction, assumed that the cause of the vaginal stone was of hematic origin. Among the 24 case reports, six did not describe the stone composition. Forteen of the eighteen case reports that described the composition of the vaginal stones reported that they contained struvite. Other reported components of the stones were carbonate apatite, calcium phosphate, oxalate, and hemosiderine. They were found simultaneously with struvite in three case reports. Four of the 18 case reports that described the composition of vaginal stones did not indicate that the stones contained struvite. In three of the 24 case reports, vaginal stones were removed transperitoneally; in the remaining 21 case reports, episiotomy or hymenectomy was performed to remove the stones vaginally.


TABLE 1 | Reports of primary vaginal stones.

[image: Table 1]



Discussion

The occurrence of vaginal stones is rare and has been reported only in case reports since 1926 (6). Most of the vaginal stones reported so far comprised struvite. Struvite is composed of magnesium ammonium phosphate. It is formed by a combination of two factors: decreased urine volume and infection with bacterial species such as Proteus, Staphylococcus, Pseudomonas, and Klebsiella, which increase the urine pH by producing urease (7, 8). Many of the case reports classified vaginal stones as primary or secondary according to the presence or absence of a nidus (6). Secondary vaginal stones are caused by repeated infections caused by foreign bodies such as an intrauterine device (5), surgical gauze (9), or mesh (10) that act as the nidus and promote mineral accumulation. In contrast, primary vaginal stones do not have a nidus. Related case reports are listed in Table 1.

We reviewed the case reports of primary vaginal stones published since 2000. The majority of the case reports described urine stasis in the vagina and recurrent UTIs, which might be important risk factors for the formation of vaginal stones. Vesicovaginal fistula, urethrovaginal fistula, urogenital sinus anomaly, and genital anomaly cause urinary retention in the vagina. Of 25 cases reports (including our case report), 14 cases involved a urogenital anatomic abnormality such as a vaginal outlet obstruction, fistula, or urogenital sinus anomaly. Notably, 11 of the 24 patients reported (including our patient) were bedridden for a long period of time because of disability. In other words, patients with a vaginal stone seem to be bedridden for long periods or have a genitourinary malformation. In particular, the lying position can result in urine retention that is severe enough to form a fistula. During surgery of our patient, we found that the bladder capacity was approximately 50 ml, which is approximately 10-times smaller than that of the adult bladder. Presumably, dissonance between contraction of the bladder detrusor muscle and the urethral sphincter causes decreased bladder capacity and leads to urine leakage. Leaked urine passes through the vaginal wall and stagnates in the vaginal cavity, thus leading to bacterial colonization in the stagnant urine. Because Proteus species proliferate in urine, and because the urine pH was 9 in our patient, the infected urine passed to the vagina, resulting in urease production and an alkaline vaginal environment. Ureolysis caused by urease increases ammonia and bicarbonate, thus creating a supersaturated state and resulting in struvite crystal formation (8). Because the enlarged vaginal stone pressed the bladder, the bladder became atrophied, and urine leakage became more frequent. Because the stone remained in the vagina, more frequent UTIs occurred. The patient had no history of child birth, and the stump was expected to be too small after hysterectomy to remove the vaginal stone through laparotomy; therefore, we attempted to remove it through vaginal extraction. However, Holmium laser lithotripsy was unsuccessful because the stone was difficult to break. The second surgery confirmed that our prediction was wrong. The stump and vaginal wall, which were exposed after hysterectomy, were sufficiently dilatated; therefore, the vaginal stone was cut into pieces (Figures 2, 3).

This case report and literature review had several limitations. The vaginal stone in this case did not undergo culture testing; hence, it was inferred through urine culture testing that it was not the primary cause of bacteria. Because only case reports were reviewed and there was no control group for comparison, we could not estimate the general incidence of vaginal stones among nonimmobilized patients or accurately define the risk factors for vaginal stones.

Vaginal stones are rare and have been described only by reports. Therefore, we reviewed other case reports to contribute to the knowledge of vaginal stones in immobilized patients. These patients present to the hospital with nonspecific symptoms because they are not able to express their discomfort or pain. If patients with immobility have recurrent UTIs, then clinicians should perform simple radiography or consult a gynecologist to confirm or dismiss the diagnosis of vaginal stones and prevent their complications.



Conclusion

When treating bedridden patients, especially those with recurrent UTIs, it is necessary to consider the possibility of vaginal stones because their symptoms are not specific. For women, a gynecologic examination and simple radiography should be considered.
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Background: Delayed cord clamping (DCC) has been demonstrated to have significant benefits in reducing the incidence of intraventricular hemorrhage, blood transfusion and neonatal mortality in preterm neonates and improving hemodynamic and long-term neurodevelopment among term infants. There is no clear guideline on umbilical cord clamping (UCC) practices in Malaysia.

Objective: The aim of this survey was to assess the knowledge and practice of DCC among obstetric doctors and midwives in Malaysia, and pediatric colleagues who witness the delivery.

Method: This is a cross-sectional survey conducted in childbirth facilities in Malaysia from October 2020 to January 2021. A convenient snowball sampling was adopted. A validated questionnaire was disseminated to practicing obstetric and pediatric doctors and midwives electronically via email and WhatsApp using Google Form. The data were analyzed using descriptive and analytical statistics.

Results: A total of 327 respondents completed the questionnaires, comprising 206 obstetric doctors, 72 pediatric doctors and 49 midwives. The majority of respondents were specialists or higher in rank (53.2%). Only 29% reported the existence of guidelines on UCC in their place of work. Midwives (P = 0.003) and staff of lower ranks and level of education (P < 0.001) appeared to be more aware of the existence of a UCC guideline. Most respondents had positive knowledge of DCC for both term and preterm neonates. A large proportion (82%) of respondents agreed that DCC helped increase neonatal iron stores, and was good for both preterm (70.7%) and term (76.2%) neonates not requiring positive pressure ventilation. Doctors, specialists, those who are 40 years old and above, and those who have been in service for at least 10 years were found to have better knowledge regarding DCC (P < 0.05).

Conclusion: The awareness and practice of obstetric, pediatric and midwifery staff of guidelines on UCC were less than satisfactory. Even though most respondents have good knowledge and positive perception regarding benefits of DCC, these were not translated into their routine practice. Hence, a national guideline emphasizing the benefits of DCC should be made available in all childbirth facilities.

Keywords: obstetricians, midwives, pediatricians, umbilical cord clamping, practices and knowledge


INTRODUCTION

Delayed cord clamping (DCC) has been demonstrated to reduce the incidence of intraventricular hemorrhage and the need for neonatal blood transfusion in preterm neonates (1). This practice has also reduced neonatal mortality compared to early clamping in preterm infants (1, 2). The World Health Organization (WHO) recommends DCC >1 min after birth (3) as it can significantly improve hemodynamic and long-term neurodevelopment in term infants (4, 5).

Early or immediate cord clamping (ECC or ICC) is generally defined as clamping of the cord within the first 60 s after birth, and late or DCC is performed more than 60 s after birth or upon cessation of cord pulsation (4, 5).

Although the American College of Obstetricians and Gynecologists (ACOG) recommends a DCC in vigorous term and preterm infants for at least 30–60 s after birth (6), a few studies on DCC practices among healthcare professionals in different countries showed that there are variations in the management of umbilical cord clamping (UCC) and cord milking during normal births (7, 8).

Nevertheless, despite a set time of UCC recommended by WHO and ACOG, some healthcare workers used cessation of cord pulsation or waited until the expulsion of placenta as a set time for UCC (9, 10).

The extent to which this procedure is being practiced in Malaysia is unknown. The aim of this study was to assess the knowledge and practice of DCC among obstetric doctors and midwives in Malaysia, as reported by themselves or by pediatric colleagues who witness the delivery.



MATERIALS AND METHODS

We conducted a cross-sectional survey involving healthcare setups with childbirth facilities, including private hospitals and maternity centers, government hospitals and teaching hospitals in Malaysia over a period of 3 months from October 2020 to January 2021.

The inclusion criteria were obstetric doctors and midwives who conducted deliveries, and pediatric doctors who witnessed deliveries. Doctors and midwives who were not actively conducting or witnessing childbirths, e.g., retired professionals, were excluded from this survey.

This study was approved by the Universiti Kebangsaan Malaysia (UKM) Research Ethics Committee (Approval Code: JEP-2020-580).

A validated questionnaire in English on UCC practice and knowledge toward DCC from a published survey (11) was used with permission from the previous researcher. The questionnaire was sent to members of the Perinatal Society of Malaysia (PSM) and the Malaysian Pediatric Association (MPA), as well as to individual practicing obstetric and pediatric doctors and midwives in Malaysia via email or WhatsApp using Google Form. A convenient snowball sampling method was deployed.

The questionnaire covered three domains: (1) demographic data, (2) existing UCC practice, and (3) knowledge about DCC. Consent was obtained from all respondents who were provided with information regarding the survey within the Google Form.


Sample Size

The sample size was calculated using Statcalc based on a study done by Ibrahim et al. on current UCC practices and knowledge of obstetricians and midwives toward DCC in Saudi Arabia (11). Based on this study, 70% of the respondents have good knowledge toward DCC. By using Statcalc application version 7.2.4.0, with a confidence interval of 95% and margin of error of 5%, we estimated a sample size of 323. Considering 20% dropouts, we aimed to recruit 388 respondents.



Statistical Analyses

The data were analyzed using the Statistical Package for Social Sciences version 22 (IBM SPSS Statistics 22) for Windows. Results were expressed in percentages. Analyses of comparison of the percentages were conducted using the chi-square test or Fisher's exact test (for non-parametric data). In all analyses, p < 0.05 was taken to indicate statistical significance.




RESULTS


Study Flow Chart

The questionnaire was sent to 367 and 788 members of PSM and MPA respectively (Figure 1). It was also disseminated to individual practicing obstetric and pediatric doctors and midwives in Malaysia via email or WhatsApp using Google Form.


[image: Figure 1]
FIGURE 1. Flow diagram showing the distribution of the survey questionnaire, and the number of respondents who answered and who completed the survey.


Out of a total of 348 respondents who answered the questionnaire, 327 respondents completed it. This number comprised 206 obstetric doctors, 72 pediatric doctors and 49 midwives. Meanwhile, 21 respondents did not complete the questionnaire. The completed survey rate was therefore 94%.


Demographic Background of Respondents

The majority of the respondents were females (72%), specialists, fellows or consultants (53%), aged between 30–39 years old (53%), and practicing at Government Hospitals (57%). Most respondents had tertiary educational background (99%) and about a third of the respondents were senior staff with working experience of more than 15 years (33.3%) (Table 1).


Table 1. Demographic and characteristics of respondents (n = 327).
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Existing Umbilical Cord Clamping Practice/Guideline

The majority of respondents (71%) reported no existing UCC guideline in their workplace. Among 29% of respondents who reported the presence of UCC guideline in their practice, only 44 and 50% reported always practicing or practicing most of the time, respectively.



Umbilical Cord Clamping for Term Neonates

About a third of the respondents (35%) reported setting UCC time for term neonates. Among those, the majority (62%) reported setting UCC time at 1–3 min. About one third (35%) reported no reason for this routine UCC practice, 29% followed local UCC protocol, 20% clamped the umbilical cord early to prevent polycythemia or hyperbirubinemia, and 15% clamped the cord when the cord pulsations ceased.

Most respondents (77%) applied earlier UCC or immediate cord clamping when the neonates have poor Apgar scores. Other reasons for earlier UCC were increased vaginal blood loss (41%) and presence of nuchal cord (32%). A fifth (20%) of them reported occasions when early UCC took place without any specific reason.

On the other hand, among occasions for later UCC, most of the respondents (40%) reported no specific reason for practicing that. One third (33%) performed later UCC to fulfill the wish of the parents and 16% waited for cessation of umbilical cord pulsation.



Umbilical Cord Clamping for Preterm Neonates

In preterm neonates, only 26% of the respondents reported a set UCC time. Half of these respondents (49%) reported a set UCC time of 1–3 min. About a third (35 and 32% respectively) of the respondents reported that DCC benefits or ECC benefits to pediatricians (especially when resuscitation is needed) were important for their routine UCC in preterm neonates.



UCC Time in Cesarean Section

During elective cesarean section, 22% of respondents practiced UCC at the same time as vaginal delivery and 20% reported cord milking. Most of them (61%) reported UCC time of 30–59 s. On the other hand, during emergency cesarean section, 20% of the respondents practiced UCC as soon as possible, 17 and 15%, respectively, reported cord milking or practiced UCC at the same time as performed in vaginal delivery. Out of those who reported a specific UCC time during this procedure, 40% carried out UCC at 30–59 s (Table 2).


Table 2. Existing umbilical cord clamping practices (n = 327).
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Existing UCC Practices With Demographic Characteristic

There was a significantly higher rate of reporting the existence of a UCC guideline among midwives compared to doctors (47 vs. 26%, P = 0.003), respondents practicing in government hospital compared to private hospitals (35 vs. 14%, P < 0.001) and lower education compared to higher education (60 vs. 25%, P < 0.001). Government hospitals were hospitals under the Ministry of Health (MOH) while teaching hospitals were governed under the Ministry of Higher Education (MOHE). Lower education comprised secondary education and diploma, while higher education included bachelor's degree, master and PhD. One factor that was significantly associated with a higher rate of reporting of a set time of UCC for term neonates was lower education (50%) compared to 33% among staff with high level of education (P = 0.04). Meanwhile, for preterm neonates, significantly higher rates of reporting of a set time of UCC were found among respondents from Klang Valley (34%), compared to 20% among non-Klang Valley residents (P = 0.006). Similar associations were observed among those with lower education (45 vs. 23% in higher, P = 0.003). The Klang Valley comprises mainly urban areas in Kuala Lumpur and Selangor in the central west coast of the Malaysian peninsular (Table 3).


Table 3. Existing UCC practices with demographic characteristic.
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Knowledge on Delayed Cord Clamping

More than two thirds (71% and 76%) of the respondents agreed that DCC was good for both preterm and term neonates not requiring PPV, respectively. The majority of the respondents (82%) agreed that DCC increased iron stores during the neonatal period in both preterm and term babies. Nearly three quarters (73%) respondents agreed that DCC has valuable effects that extend beyond the neonatal period including better long-term neurodevelopment while 67% agreed that DCC helped stabilize the transition of circulation, lessening the need for inotropic medications and reducing blood transfusion, necrotizing enterocolitis and intraventricular hemorrhage in preterm babies (Table 4).


Table 4. Attitude and knowledge toward delayed cord clamping (Likert items).
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Among the respondents, doctors, specialists, males, those who are 40 years old and above, those who have been in service for at least 10 years were found to have better knowledge regarding DCC (P < 0.05) (Table 5).


Table 5. Number and percentage of respondents with positive attitude and good knowledge toward DCC by demographic characteristics.
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DISCUSSION

Our study revealed the state of practice of UCC and level of knowledge regarding DCC among obstetric and pediatric doctors, and midwives in Malaysia. The majority (71%) of respondents were not aware of any formal guideline on UCC in their place of practice. Similar findings were seen in previous studies by Ibrahim et al. (11) and Jelin et al. (12). Despite published evidence on the benefits associated with DCC (1–3, 6, 13, 14), only 29% of respondents reported that their institution have a UCC guideline. This was contrary to obstetric practice in a developed country, where DCC is considered a standard of care (6, 13).

One statistically significant finding in reporting the existence of a UCC guideline in the workplace was the significant disparity between midwives (47%) and doctors (26%) (P = 0.003). This was contrary to the observation in the study by Ibrahim et al. (11) where doctors were more aware of the availability of a UCC guideline compared to midwives.

Another survey conducted among midwives in Irish hospitals (14) reported 64.7% of the midwives were aware of the guideline on DCC in their place of practice. Our study also found a statistically significant difference in the reporting of the existence of a set time for UCC for term neonates between staff with lower education vs. those with higher education (60 vs. 25%, P = < 0.001 and 50 vs. 33%, P = 0.04, respectively). Lower education included high school and diploma, indicating midwives. These findings were consistent with the findings of studies by Boerre et al. (9) and Mercer et al. (15). Furthermore, some midwifery institutions such as the American College of Nurse-Midwives (ACNM) have adopted DCC as a standard practice for both preterm and term newborns (16).

Midwives have slightly higher rates of having a set time for UCC for both term and preterm neonates than doctors (39 vs. 35% and 31 vs. 25%, respectively), although the differences were not statistically significant (P = 0.600 and 0.392 respectively). Similar findings were seen in a study by Boerre et al. (9). Interestingly, the UCC practice among midwives was said to be based more on belief, experience and clinical training rather than scientific rationale (15). This possibly explains the disparity between knowledge and practice in our survey, with better DCC practice among midwives, despite poorer knowledge. At the level of diploma education, the emphasis is on technicalities and practice, rather than deep knowledge and scientific evidence. This is the level of education of the vast majority of midwives in Malaysia.

DCC for at least 30–60 s for vigorous term and preterm newborns who do not require resuscitation at birth was incorporated into the curriculum of Neonatal Resuscitation Program (NRP) 7th edition (17). In fact, umbilical cord management plan has been included as one of the 4 important pre-birth questions to the obstetric provider in the NRP 8th edition which was launched in 2021 (18). One of the possible explanation for the above observation in the UCC in Malaysia is that NRP is a mandatory course funded by the government for all the pediatric and obstetrics house officers, medical officers and midwives in Malaysian public and teaching hospitals (19). These categories of providers had the opportunities to learn about the latest information of the DCC guidelines in their NRP training compared to their more senior colleagues, e.g., the fellows and the consultants as well as their counterparts in the private sectors.

A systematic review demonstrated that there were no significant differences between ECC and DCC with regard to adverse neonatal outcomes such as low Apgar score and admission to special care nursery (SCN) or neonatal intensive care unit (NICU), and adverse maternal outcomes such as severe postpartum hemorrhage (4). Having said that, majority of the respondents (77% and 41%) applied ECC to neonates with poor Apgar scores and where mothers had increased vaginal loss, respectively, in this study. Such practices were usually performed in order to assist in neonatal resuscitation or to prevent postpartum hemorrhage (20).

Among the respondents who reported a set UCC time, (26% in preterm and 35% in term neonates), most of them reported a set UCC time of 1–3 min (49% in preterm and 62% in term). This practice is consistent with the recommendation by WHO (3), whereby in both preterm and term neonates who do not require PPV, the cord should not be clamped earlier than 1 min after birth. DCC (no earlier than 1 min after birth) is recommended to improve both maternal and infant health and nutritional outcomes.

The majority of respondents (71 and 76%, respectively) agreed that DCC was good for preterm and term neonates not requiring PPV. These findings are consistent with the study done by Ibrahim et al. (11) where the majority of respondents agreed that DCC is beneficial for both term (69%) and preterm (71%) neonates not requiring PPV. In fact, DCC in preterm neonates who require PPV can now be facilitated by providing a mobile resuscitation trolley before UCC (21) and this was proven to be feasible as demonstrated by Lapcharoensap et al. (22) and Joshi et al. (23). Having said that, only 30% of the respondents agreed that DCC was good for neonates who require PPV. Similar findings were reported by Leslie et al. (13). This may be due to its safety concern and acceptability to clinician and parents of DCC in a newborn who requires PPV is still being investigated (21).

Like previous studies (9, 11), majority of the respondents (82%) agreed that DCC increases iron stores during the neonatal period in both preterm and term babies. Most (73%) respondents agreed that DCC has valuable effects that extend beyond the neonatal period, including better long term neurodevelopment. Two thirds (67%) agreed that DCC helped stabilize the transition of circulation, lessening the need for inotropic medications and reducing blood transfusion, necrotizing enterocolitis and intraventricular hemorrhage in preterm babies. These findings are consistent with a previous systematic review and meta-analyses, which supports current guidelines recommending DCC in preterm infants (4, 24).

In our study, doctors, specialists, males, those who are 40 years old and above, and those who have been in service for at least 10 years have better knowledge regarding DCC. This is quite similar to the findings in the study by Ibrahim et al. (11), where males and those with more than 16 years of practice in obstetrics had good knowledge of DCC. The relatively lower level of knowledge regarding delayed cord clamping among midwives and non-specialists is a matter of concern, because in Malaysia the majority of deliveries in public facilities are conducted by midwives and medical officers who are not specialists yet, and calls for more efforts to educate these two groups of healthcare workers on this issue. The older age and seniority are probably confounded by the specialist status of those who scored well on knowledge assessment.

The strength of this study was the high completed survey rate of 94%. Besides, this study utilized a widely-used validated questionnaire to measure the practice of UCC and knowledge regarding DCC. Furthermore, this was the first study that assessed obstetric and pediatric doctors and midwives on UCC practices and knowledge regarding DCC in Malaysia. It is also the first such survey in the South East Asia region. We hope to alert not only our fellow Malaysian healthcare workers in the related fields, but also regional healthcare professionals, especially in our neighboring developing countries. Similarly, we hope to raise awareness in other Low to Moderate Income Countries (LMICs) elsewhere in the world.

One limitation of this study was that the participants were selected by convenient snowball sampling through email and WhatsApp using Google form, hence not all hospitals in Malaysia participated. We were unable to capture the actual numbers of invitation sent to the potential respondents because of the overlap in membership among the three professional societies, namely the Perinatal Society of Malaysia (PSM), the Malaysian Paediatric Association (MPA), and the Obstetrical and Gynaecological Society of Malaysia (OGSM). Although we were able to send the invitation to more than 1,000 members from PSM (n = 367) and MPA (n = 788) however only about one third (n = 348) of them returned the survey form.



CONCLUSION

Awareness of the existence of guidelines on UCC was still markedly lacking among Malaysian professionals handling childbirth. Even though most respondents had good knowledge of DCC, this did not translate into their routine practice. Hence, a national guideline emphasizing the benefits of DCC should be made available in Malaysia. This may also help create awareness of the existence of international UCC guidelines.
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The purpose of this study was to investigate the role of amnioreduction in patients who underwent emergency cervical cerclage (ECC) with bulging membranes during the second trimester. This retrospective comparative study included 46 singleton pregnant women who had cervical dilation at least 1 cm with bulging membranes beyond the external cervical os and underwent ECC at the Third Affiliated Hospital of Sun Yat-sen University between December 2016 and December 2021. Cases were categorized as amnioreduction group (n = 16) and non-amnioreduction group (n = 30) according to whether amnioreduction was performed prior to ECC. The gestational age and cervical dilation at cerclage, operative time, prolongation of pregnancy, and outcomes of pregnancy were compared between the two groups. All 46 patients underwent successful ECC excepted one case with intraoperative rupture of membrane in non-amnioreduction group. In the amnioreduction group, the cervical dilation at cerclage was larger than that in the non-amnioreduction group (4.5 ± 2.2 vs. 2.2 ± 1.2 cm, P < 0.001), and had more patients with cervical dilation ≥4 cm (50.0% vs. 10.0%, P = 0.004). However, the gestational age at cerclage, operative time, prolongation of pregnancy, gestational age at delivery were not significantly different between the two groups (22.9 ± 2.8 vs. 22.9 ± 3.2 weeks, 31.1 ± 9.2 vs. 27.9 ± 11.4 min, 21.3 ± 21.5 vs. 38.7 ± 40.2 days, 25.9 ± 4.5 vs. 28.4 ± 6.1 weeks; P > 0.05). The rates of delivery ≥28 weeks, ≥32 weeks, and live birth were 20.0% vs. 80.0%, 12.5% vs. 26.7%, 56.3% vs. 66.7% (P > 0.05) in amnioreduction group and non-amnioreduction group, respectively. In conclusion, even in cases with larger cervical dilation, the application of amnioreduction with ECC is possible to get the acceptable pregnancy outcomes. These findings suggested that amnioreduction may be a safe and feasible option to be applied before ECC, especially for those with advanced cervical dilation and bulging membranes.


Keywords: emergency cervical cerclage, prolongation of pregnancy, amnioreduction, cervical dilation, bulging membranes





INTRODUCTION

The loss of mid-term pregnancy and premature birth are major problems in obstetrical fields, which brings great burden to the society and family [1]. Cervical incompetence is a status of pregnancy in which the cervix begins to dilate and efface before the term of pregnancy [2, 3]. It has been shown that the rate of preterm birth before 37 gestational weeks in patients with cervical incompetence is 3.3 times higher than those without cervical incompetence, accounting for 8–9% of all preterm births [4]. The live birth rate is estimated to be 23% at 23 weeks of gestation, 38% at 24 weeks of gestation and 54% at 25 weeks of gestation [5, 6], suggesting that prolonging gestational age can significantly improve the live birth rate of premature infants. According to the ACOG (American College of Obstetricians and Gynecologists) guideline on cerclage for the management of cervical insufficiency, the diagnosis of cervical insufficiency mainly depends on the past medical history [3]. For women with a history of cervical insufficiency, preventive cervical cerclage is an effective surgical method for treating cervical insufficiency, which can effectively prolong the gestational age and reduce the adverse perinatal outcomes[3, 7–10]. However, for women with the first pregnancy, or those without a history of mid-trimester pregnancy loss or spontaneous preterm birth, emergency cervical cerclage (ECC) is a salvage procedure when cervical dilation with bulging fetal membranes but no signs of labor and infection in mid-trimester, in an attempt to prolong the pregnancy to a viable gestation [11–14]. However, compared to the elective cervical cerclage, ECC is a technically challenging procedure, as the protruding membranes in the cervix making it difficult to place the cervical suture properly and carry the risk of iatrogenic rupture of the membranes during surgery [11–13, 15]. In addition, ECC is also associated with worse pregnancy outcomes including the earlier gestation age at delivery, lower birth weight, lower live birth rate, and higher intra-amniotic infection rate, especially for women with advanced cervical dilation [11, 16–20]. Moreover, ECC is not always successful in all patients with cervical dilation, especially when dilation is completely [3, 7, 10, 14].

In 1979, Robert C. Goodwin reported for the first time the application of amnioreduction before ECC to reduce the tension of the protruding amniotic sac in the vagina [21]. Since then, several studies have reported on amnioreduction prior to ECC for bulging membranes, however, the pregnancy outcomes were inconsistent due to the heterogeneity of cases [22–26]. To improve the success of ECC procedure and pregnancy outcomes among patients with large bulging membranes, our hospital started to adopt amnioreduction prior to ECC since December 2016. In this study, we retrospectively compared the clinical features and pregnancy outcomes of patients who underwent ECC with bulging membranes between 16 cases with amnioreduction and 30 cases without amnioreduction and evaluated the safety and effectiveness of amnioreduction in ECC during the second trimester.



METHODS


Study Design and Subjects

This retrospective cohort study recruited pregnant women who had painless cervical dilation with bulging membranes beyond the external cervical os and underwent ECC during the second trimester at the Third Affiliated Hospital of Sun Yat-sen University between December 2016 and December 2021. Inclusion criteria were: (1) singleton pregnancy. (2) gestational age between 14+0 and 27+6 weeks. (3) cervical dilatation of at least 1 cm and bulging membranes were confirmed by transvaginal ultrasound and speculum examination. (4) ECC were performed within 24 h after cervical dilation diagnosed, not waiting for the results of vaginal microbiotic smear. Exclusion criteria included: (1) premature rupture of membranes. (2) persistent or active vaginal bleeding (3) regular uterine contractions that occurred before operation. (4) clinical chorioamnionitis (maternal body temperature ≥38°C, with fetal heart rate ≥160 beats/min or maternal peripheral blood leukocyte count ≥15 × 109/L. (5) severe pregnancy complications and disease. (6) fetal structural abnormalities.

From December 2016, amnioreduction was applied prior to ECC at our hospital when cervical dilation is ≥3 cm or difficult to replace the bulging membranes unless the patients refuse amnioreduction, or the deepest vertical pocket of amniotic fluid is less than 30 mm, or it is difficult to avoid puncturing placenta. This study was approved by the institutional review board of the Third Affiliated Hospital of Sun Yat-sen University and written informed consent was obtained from each patient.



ECC and Amnioreduction

At admission, after extensive counseling on the potential risk of miscarriage and failure of the operation, all pregnant women had signed informed consent for ECC with or without amnioreduction. The patients were placed in a lithotomy position with steep Trendelenburg tilt under spinal anesthesia. Vaginal speculum examination reconfirmed the cervical dilation and the tension of bulging membranes. The protruding membranes were gradually retracted into the uterus by inflated Foley catheter or cervical cook balloon, or moistened gauze ball according to the size of cervical dilation and discretion of operator. Cervical cerclage was performed using the McDonald techniques. If the cervical dilation is larger than 3 cm or prolapsed amniotic sac is hard to repositioned, a transabdominal amnioreduction would be needed before ECC unless the placental penetration could not be avoided. After emptying the bladder, ultrasound-guided freehand techniques were conducted with 22G needle punctured into the amniotic cavity. The amount of amniotic fluid reduction was determined by the distension of the bulging sac, usually from 50 to 250 ml. If having the indication of prenatal diagnosis, the obtained amniotic fluid was sent for fetal chromosomal karyotyping with or without microarray analysis under the consent of the pregnant women.



Perioperative and Postoperative Treatment

During the perioperative period, all the patients were given treatment regimen consisting of five schemes, included: bed rest until 34 gestational weeks, intravenous broad-spectrum antibiotics (cephalosporins or azithromycin + metronidazole) for 5 to 7 days after the operation, tocolytics (including indomethacin + ritodrine hydrochloride, or atosiban) for at least 48 h, prophylactic venous thromboembolism with low molecular weight heparin until 34 gestational weeks with normal physical activity or presenting the following indication for removal sutures, and dexamethasone for fetal lung maturation (after 24 gestational weeks). However, the specific course of tocolytic treatment was individualized at the discretion of senior obstetrician, mainly based on uterine contractions, gestational age and whether presenting clinical chorioamnionitis, because there was no uniformity and guideline on this issue.

Cerclages would be removed around 37 weeks of gestation or presenting the indication for earlier removal sutures such as active preterm labor, clinical evidence of chorioamnionitis, heavy vaginal bleeding, preterm premature rupture of membranes, or fetal compromise.



Data Collection

Maternal data included age, previous obstetrics history, prior cervical intervention, gestational weeks, ultrasound examination, size of cervical dilation, preoperative white blood cell count, C-reactive protein level, vaginal microbiotic smear, details of the operation, and perioperative management. Maternal and fetal outcomes included prolongation of pregnancy, gestational weeks at delivery, mode of delivery, complications, birth weight, perinatal death or survival, and placental pathologic examination.



Statistical Analysis

SPSS statistical software version 26.0 was used to analyze the data. Shapiro–Wilk was used to test the normality of continuous variables. According to the characteristics of the variables, data are presented as means ± standard deviations (SD) and median (interquartile range) for continuous variables and numbers (percentages) for categorical variables, respectively. The differences were compared between groups using Student's t-test (Gaussian distribution data) and Mann-Whitney U test (non-Gaussian distribution data). Chi-squared test or Fisher's exact test was used to analyze the categorical variables. P value of <0.05 was considered statistically significant. G*power 3 software [27] was used to perform the sample size calculation, and the effective size was calculated based on the present results with a significance level of 0.05 (one-tailed) and a power of 0.8.




RESULTS

During the study period, a total of 126 pregnant women who had short cervix or cervical dilation underwent ECC. Among 46 singleton pregnancies with cervical dilation and bulging membranes, 16 cases accepted ECC with amnioreduction and 30 cases that accepted ECC without amnioreduction were eligible for amnioreduction group and non-amnioreduction group, respectively (Supplemental Table S1 and S2). All 46 patients underwent successful ECC except one case with intraoperative membrane rupture in the non-amnioreduction group. The results of fetal chromosomal karyotyping and microarray analysis of amniotic fluid from patients with advanced maternal age or abnormal biochemical screening were normal.


Clinical Characteristics of Included Patients Before the Operation

The mean maternal age in amnioreduction group was older than that in the non-amnioreduction group (32.5 ± 4.4 vs. 29.4 ± 4.3 years, P = 0.016). The two groups were similar in the mean gestational age at cerclage, rates of primigravidity and nulliparous, rate of previous spontaneous miscarriage during the first and the second trimester, white blood cell count before the operation, and preoperative C-reactive protein value (Table 1). However, the preoperative size of cervical dilation in the amnioreduction group was significantly larger than that in the non-amnioreduction group (4.5 ± 2.2 vs. 2.2 ± 1.2 cm, P < 0.001), and had more patients with cervical dilation ≥4 cm (50.0% vs. 10.0%, P = 0.004) (Table 1).


TABLE 1 | Baseline clinical characteristics of the included patients.
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Outcomes After the Operation

The pregnancy outcomes were presented in Table 2, Supplementary Table S1 and Supplementary Table S2. There were no significant differences when comparing the amnioreduction group and non-amnioreduction group in terms of operative time, prolongation of pregnancy, gestational age at delivery, rates of delivery ≥28 weeks, delivery ≥32 weeks, preterm premature rupture of membranes, clinical chorioamnionitis, and acute histologic chorioamnionitis. The neonatal outcomes were also statistically comparable in terms of birthweight (≥24 weeks), 1 min Apgar scores, 5 min Apgar scores, and the total survival rate between the amnioreduction group and non-amnioreduction group. There was no maternal morbidity related to ECC that occurred from operation to postdelivery.


TABLE 2 | Clinical outcomes after surgery between amnioreduction group and non- amnioreduction group.
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DISCUSSION

In this retrospective cohort study, we compared the clinical features and pregnancy outcomes from singleton patients who had cervical dilation and bulging membranes and underwent ECC with or without amnioreduction. The results showed that there were statistically comparable prolongation of pregnancy and perinatal outcomes among the two groups, even women with amnioreduction had larger cervical dilation, suggesting that amnioreduction may be a safe and feasible option to be applied before ECC, especially for those with advanced cervical dilation and bulging membranes.

As a salvage procedure, patients eligible for ECC all have cervical dilation with or without protruding membranes before the operation [3, 7, 10]. Therefore, the difficulty of performing ECC is higher than the standard procedure of cervical cerclage. When the cervical external os is open, the inferior amniotic sac would prolapse through the cervical canal or even protruding into the vagina. The membranes bulging outside the cervix will elevate the distension of prolapsed sac, and exposure to vaginal bacteria would increase the risk of infection [23, 28–30]. In addition, repeatedly pushing the membranes during surgery will further elevate the distension of the sac, thus increasing the risk of membranes rupture and uterine contraction. Therefore, successfully replacing the bulging membranes into the uterus is the key step for ECC. Some devices including moist gauze and inflated balloon (Foley catheter, cervical cook balloon, uniconcave balloon and balloon tamponade) have been used during ECC [11, 14, 31, 32]. However, for women with advanced cervical dilation or increased pressure of intra-amniotic sac, the above devices may not be effective due to limited contact area with membranes, limited supporting force or risk of rupture of membranes. In our series, the bulging membranes from eight cases with cervical dilation at 2–3 cm were hard to repositioned into the uterine cavity by moist gauze or inflated balloon due to the higher intra-amniotic pressure, resulting rupture of the membrane during the procedure in one case and turn to amnioreduction in seven cases.

Several studies demonstrated that patients with cervical dilation of more than 3–4 cm and bulging membranes had higher chance of failure of ECC, short prolongation time and more pregnancy complications [11, 14, 20, 33]. Some authors even concluded that ECC was not a rational option when patients had cervical dilation of more than 4 cm and protruding membranes [20]. However, a study by Pereira L. et al. demonstrated that if underwent expectantly management, women presenting with advanced cervical dilation of more than 4 cm would ultimately deliver within one week [34]. The main purpose of amnioreduction prior to ECC is to reduce intrauterine pressure. After amnioreduction, it can be observed that the distension of the membranes was markedly reduced and makes it easier to expose dilated cervical edge, in turn reducing the surgical difficulty and improving outcomes [21, 23–26]. In our study, 11 cases with advanced cervical dilation at least 3 cm, including two cases near fully dilated before the operation, underwent successful ECC without procedure-related rupture of membrane, suggesting that the amnioreduction may be a feasible option before ECC in such conditions.

In view of the effectiveness of ECC, the prolongation of pregnancy and neonatal survival are both important points. Even with low and very low quality of evidence, the benefits of ECC have been confirmed by three comprehensive reviews [11, 12, 14], presenting the favorable prolongation of pregnancy from 4–5 weeks to 47 days, 2-fold reduction of preterm birth before 34 gestational weeks, later gestational age at delivery, and lower risks of fetal loss, very preterm birth and neonatal death. However, the pregnancy outcomes after ECC with amnioreduction have not been fully elucidated due to the lack of universal acceptance among clinicians and the rarity of valid control cases. Locatelli A. et al. have reported 16 patients with cervical dilation (2–5 cm) and prolapse of fetal membranes, including seven cases with ECC and nine cases with ECC and amnioreduction, and found that with the comparable prolongation of pregnancy, the amnioreduction before ECC is associated with a lower rate of delivery before 32 weeks and neonatal morbidity [23]. One recent study by Cakiroglu Y. et al. found that ECC yielded no different outcomes for prolongation of pregnancy and live birth rate after comparing between amnioreduction group and non-amnioreduction group [22]. Another compared study from Japan also showed similar pregnancy outcomes after ECC between eight patients with amnioreduction and nine cases without amnioreduction, even though the size of forewater detected by ultrasound was larger in amnioreduction group [24]. Furthermore, our study comprised relative more cases who underwent ECC with amnioreduction (n = 16) or no-amnioreduction (n = 30), and also found that there were no significant differences in prolongation of pregnancy, gestational weeks at delivery, live birth rate and neonatal survival between the two groups, nevertheless, the mean of cervical dilation in amnioreduction cases was significantly larger than that in non-amnioreduction cases, suggesting that amnioreduction may be a safe and feasible option before ECC.

The major limitation of our study was the lack of testing intra-amniotic infection or inflammation from the amniotic fluid withdrawn among cases with amnioreduction. The rates of intra-amniotic infection and inflammation determined by amniocentesis have been reported as high as 52% and 81%, respectively [28, 29]. However, a recent observational study found that antibiotics could effectively eradicate 75% of intra-amniotic inflammation and 60% of infection [30]. In our study, the broad-spectrum antibiotics were routinely administrated to all the cases during the perioperative period, and the rates of clinical and histologic chorioamnionitis after ECC were not significantly different between the two groups. Moreover, the benefits of excluding some cases of sub-clinical chorioamnionitis before ECC and increasing the risk of infection for exposure to bulging membranes to the vaginal bacteria when awaiting the results were hard to balance. Another major limitation was the retrospective and non-randomized control study with a relatively small sample size, which inevitably comprised unmatched baseline variables (such as maternal age and cervical dilation before operation) and also can lead a potential bias of selection and limit the statistical power. According to the sample size calculation (Table 3) based on the present results, the current sample size may not have statistical power to detect the difference in most parameters of pregnancy outcomes between two groups and this suggested that the definitive recommendation could not be drawn from the current data. Other limitations included different devices such as moist gauze and inflated balloon, or Foley catheter used during the procedure at the discretion of operators, no uniformity of perioperative tocolytic treatment strategies based on individual basis, and lack of long-term outcomes of infants. Therefore, further prospective studies with proper design and larger sample size to explore this issue are desirable.


TABLE 3 | Sample size calculation based on the present results.

[image: Table 3]

In summary, although with larger cervical dilation, patients who underwent ECC with amnioreduction got the acceptable pregnancy outcomes when compared with cases who had relatively smaller cervical dilation without amnioreduction. Even definitive recommendations could not be drawn from this limited sample size, these findings suggested that amnioreduction may be a safe and feasible option to be applied before ECC, especially for those with advanced cervical dilation and bulging membranes with high pressure. Further prospective studies with larger sample to evaluate the benefits of amnioreduction before ECC will be needed to confirm our findings.
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Background: Lung metastasis (LM) is an independent risk factor for survival in patients with endometrial cancer (EC).



Methods: We reviewed data on patients diagnosed with EC between 2010 and 2015 from the Surveillance, Epidemiology, and End Results (SEER) database. The independent predictors of LM in patients with EC were identified using univariate and multivariate logistic regression analyses. A nomogram for predicting LM in patients with EC was developed, and the predictive model was evaluated using calibration and receiver operating characteristic (ROC) curves.



Results: Univariate and multivariate logistic regression analyses showed that high grade; specific histological type; high tumor and node stages; larger tumor size; and liver, brain, and bone metastases were positively associated with LM risk. A new nomogram was developed by combining these factors to predict LM in patients newly diagnosed with EC. Internal and external verification of the calibration charts showed that the nomogram was well calibrated. The areas under the ROC curves for the training and validation cohorts were 0.924 and 0.913, respectively.



Conclusion: We performed a retrospective analysis of 42,073 patients with EC using the SEER database, established a new nomogram for predicting LM based on eight independent risk factors, and visualized the model using a nomogram for the first time.



KEYWORDS Endometrial carcinoma, lung metastases, nomogram, receiver operating characteristic curve, the surveillance, epidemiology, end results





Introduction

Endometrial cancer (EC) is one of the most serious epithelial malignancies that threatens women's health, ranked fourth in terms of incidence among malignancies affecting women (1). Although surgery and adjuvant radiation therapy have significantly improved disease-free and overall survival in patients with early EC (2), the prognosis in patients with metastases is poor, with a 5-year survival rate of only 17% (1, 3), respectively. EC mainly spreads via intra-abdominal and lymph node metastases (4), while distant organ metastasis is rare. The most common distant metastatic sites of EC are the lungs, followed by the liver, bone, and brain (5). However, compared with other gynecological malignancies, such as cervical cancer and ovarian cancer, EC has the highest frequency of lung metastasis (LM), with a 20%–25% incidence in patients with relapse (6). Although distant metastasis is a rare event in EC (7), it has a significant impact on patient survival. The survival time of patients with EC with LM is only 11 months (8). Especially for early-stage patients, doctors' insufficient judgment on the risk of distant metastasis affects the formulation of treatment and follow-up plans, resulting in decreased patient survival time. Although analysis and modeling of risk factors affecting survival and distant metastasis in EC patients have been carried out, the visualization and evaluation of predictive models for metastasis risk factors are still lacking, which leads to inconvenience in clinical application. In this study, we aimed to evaluate patients with EC registered in the SEER database from 2010 to 2015, and to develop a validated LM nomogram with high accuracy for the first time. In this way, the prognosis can be accurately made and appropriate management strategies can be selected, making it more convenient for clinical management.



Materials and methods


Study population

Data were obtained from the Surveillance, Epidemiology, and End Results (SEER) database. SEER *Stat 8.3.5 software (https://seer.cancer.gov/data/) was used to access the database. As details of metastases were not recorded before 2010, patients with primary EC who were ≥18 years of age at diagnosis and between 2010 and 2015 were analyzed. The site code ICD-O-3 (International Classification of Diseases Oncology-3) is limited to C54.0–C54.9 and C55.9, and the exclusion criteria for patient selection were: unknown histological type classification, unknown American Joint Committee on Cancer (AJCC) tumor (T) and node (N) staging, unknown exact tumor size, and unknown metastatic information. The patient selection flowchart is shown in Figure 1. Histological types of ECs were classified according to ICD-0-3 site/histology (endometrioid: 8380–8383/3, 8140/3, 8210/3, 8211/3, 8560/ 3, 8260/3, 8262/3, 8263/3, 8570/3, 8261/3, 8480–8482/3; serous: 8441/3, 8460/3, 8461/3; carcinosarcoma: 8950/3, 8951/3, 8980/3, 8981/3; clear cells: 8310/3 and mixed epithelial cells: 8323/3, 8255/3).


[image: Figure 1]
FIGURE 1 | The flowchart of patient selection.


Data on clinical and pathological characteristics, including age, ethnicity, marital status at diagnosis, histological type, grade, AJCC T and N stage, tumor size, and metastatic status, were collected from the SEER database. Based on the inclusion and exclusion criteria, 42,073 EC patients were enrolled in this study. We split all populations into training and validation cohorts in a 7/3 ratio. Because all personally identifiable information in the SEER database was withheld, informed consent was not required for the use of SEER data. This research project complied with the 1964 Declaration of Helsinki and its subsequent amendments or similar ethical standards.



Statistical analysis

Statistical analysis was performed using the SPSS 21 software. The Kolmogorov–Smirnov test was used to verify the normality of the variables. Categorical data are presented as frequency (%) and analyzed using the chi-square test. Normally distributed variables are expressed as mean ± standard deviation, whereas non-normally distributed variables are expressed as median (interquartile range). Univariate and multivariate logistic regression analyses were used to identify the risk factors. Simultaneously, 95% confidence intervals (CIs) and hazard ratios were calculated. Factors with p values <0.05 were included in the multivariate regression model.

The LM nomogram was also based on the results of a multivariate logistic analysis using the rms package in R version 3.4.1 (R Foundation for Statistical Computing, Vienna, Austria; www.r-project.org). A receiver operating characteristic (ROC) curve was drawn, and the area under the ROC curve (AUC) was calculated to assess the discriminative ability of the nomogram. Finally, we evaluated the stability of the LM nomogram through internal validation of 1,000 bootstrap samples. A calibration plot was drawn to analyze the agreement between the observed and predicted probabilities.




Results


Characteristics of the study population

Based on the selection process, 42,073 patients were included in our study. Specifically, 29,451 patients were included in the training cohort, and the remaining 12,622 patients were included in the test cohort. The incidence of LM was 1.4% (n = 603). The baseline of 42,073 patients are shown in Tables 1, 2. Among patients with and without LM, age (p = 0.002); tumor grade (p < 0.001), AJCC T stage (p < 0.001) and N stage (p < 0.001), and histological type (p < 0.001); race (p < 0.001); insurance status (p = 0.001); tumor size (p < 0.001); and the occurrence of bone (p < 0.001), brain (p = 0.017), and liver metastases (p < 0.001) were significantly different. There were no statistically significant differences in terms of the marital status (p = 0.236).


TABLE 1 | Demographical and clinical characteristics between endometrial carcinoma patient with the lung metastases and without the lung metastases.
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TABLE 2 | Demographical and clinical characteristics between patient with the primary cohort and the validation cohort.
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Risk factors for LM in patients with EC

Among the 42,073 patients, 603 (1.4%) had LM at the first visit, and 41,470 (98.6%) did not. Univariate logistic analysis was used to analyze 11 predictors to determine LM-related variables in patients with EC. The results showed that eight predictors were related to LM in patients with EC: tumor size (p < 0.001), grade (p < 0.001), histological type (p < 0.001), and AJCC T stage (p < 0.001) and N stage (p < 0.001); and bone (p < 0.001), liver (p < 0.001), and brain (p < 0.001) metastases (Table 3). Then, statistically significant factors of the univariate logistic analysis were included in the multivariate logistic regression analysis, and the results showed that higher grade (p < 0.001); larger tumor (p < 0.001); higher T stage (p < 0.001); higher N stage (p < 0.001); specific histological type (p < 0.001); and the occurrence of bone (p < 0.001), liver (p < 0.001), and brain metastases (p < 0.001) were risk factors for LM. These predictors were evaluated for newly diagnosed patients with EC (Table 3).


TABLE 3 | Univariable and multivariable logistic regression for analyzing the associated factors for developing liver metastases in endometrial carcinoma cancer patients.
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Development and verification of the LM diagnostic nomogram for newly diagnosed patients with EC

Based on the eight independent LM-related variables, a diagnostic nomogram was established for LM risk assessment in newly diagnosed patients with EC (Figure 2). Simultaneously, the ROC curves of the training and validation cohorts were established. The AUC of the nomogram in the training cohort was 0.924, sensitivity was 0.903, and specificity was 0.792 (Figure 3A). The AUC of the nomogram in the validation cohort was 0.913, with a sensitivity of 0.892 and specificity of 0.779 (Figure 3B). In addition, to test the performance of the nomogram, 1,000 bootstrap resampling cycles were performed for internal verification. The calibration curves showed good agreement between the training and validation cohorts (Figures 3C,D).


[image: Figure 2]
FIGURE 2 | Nomogram predicting the probability of LM. The first line shows the point assignment of each variable. Lines 2–9 show the variables included in the model. When using a nomogram for a single patient, a point is assigned to each variable based on clinicopathological characteristics, and all points are added. Each score in the total score in row 9 will correspond to the probability of risk in the last row.



[image: Figure 3]
FIGURE 3 | Identification and calibration of the nomogram in the training and validation cohorts. (A,B) ROC curve used to distinguish between training and validation cohorts. The area under the curve (AUC) is 0.924 and 0.913, indicating that the model has good performance. (C,D) Calibration curve of training cohort and validation cohort. The x-axis shows the predicted probability of the model, and the y-axis shows the actual probability.





Discussion

Approximately 15%–25% of patients with EC are already at an advanced stage at the time of diagnosis. Surgery, chemotherapy, and radiotherapy are the main treatments for patients with EC (9), which can improve the survival rate of patients. Studies have found that the early detection of metastases and surgery at the primary site play an important role in improving the survival rate of patients. The median cancer-specific survival time of patients with solitary LM undergoing surgery and those not undergoing surgery is 23 months and 9 months, respectively (10). LM-directed radiotherapy can control local tumors and improve the survival rate of patients (11). Therefore, the early detection of LM from EC and appropriate clinical measures are critical for patient survival. Regarding LM in EC, there are only studies on its risk factors (12), and no predictive model has been developed to depict the risk of LM more intuitively (8) so that it can be conveniently applied in clinical management. Therefore, a clinical model for predicting LM is urgently required to guide clinical strategies and improve the survival rate of patients with LM. This study was the first to develop a nomogram using the SEER database to predict concurrent LM in patients with EC. The total score can be calculated by obtaining data on several variables on the nomogram for each patient with EC. The risk of LM can then be easily identified using the nomogram, providing guidance for further clinical management.

Our study found that the incidence of LM was 1.4%, which is similar to that in previous studies (8). We found that a high tumor grade; large tumor size; higher T and N stages; specific histological type; and presence of bone, liver (p < 0.001), and brain metastases (p < 0.001) were risk factors for LM and were included in the prediction model. Adachi et al. also found that LM is associated with stage IV disease and deep muscle infiltration (13). Jiang et al. found that large tumor size and deep muscle invasion may be risk factors for LM in patients with stage I endometrioid EC (14). Mao's clinical case study on EC found that tissue type is a risk factor for LM, and carcinosarcoma is more prone to LM (8, 13). We also found that different histological types could affect the occurrence of LM. Compared with endometrioid histology, serous and clear cells are less prone to LM, and carcinosarcoma is more prone to LM (15). In Guo's retrospective study of 730 patients, poor differentiation was an independent high-risk factor for extraperitoneal metastasis and has been widely accepted by clinicians as a feature of high-risk EC (10). Once distant metastasis occurs, it indicates that there has been extraperitoneal diffusion and cervical interstitial infiltration, therefore LM is also more likely to occur. We verified the nomogram internally and externally. There was consistency between the predicted results and those observed during verification. The ROC curve's AUC in the training cohort was 0.924 and the AUC of the line graph was 0.913 in the validation cohort. Through this predictive model, obstetricians and gynecologists will be able to estimate the likelihood of LM in patients with EC. For patients with a higher likelihood of LM, a closer follow-up should be performed. The nomogram can be used to evaluate patients with EC before chest computed tomography (CT) to determine whether the patient requires CT. If the patient's first CT evaluation cannot determine whether metastasis is present, CT follow-up should be encouraged for patients with a high risk of LM shown on the nomogram.

This study had some limitations. First, this was a retrospective study, and there are inherent biases associated with this type of study design. Additionally, only patients with LM at their first visit were analyzed. LMs occurring later in the disease were not analyzed because they may not have been recorded in the SEER database. Third, the nomograms in our study were only validated in the same population, and there may be biases in the validation of the model performance. Therefore, more clinical data should be collected for external validation of this model in the future.



Conclusion

In conclusion, this study performed a retrospective analysis of 42,073 patients with EC using the SEER database and established for the first time a new nomogram for predicting LM based on eight independent risk factors. The verification of the model proved that it has good performance. Although predictive models have certain limitations, nomograms can reveal the relationship between clinicopathological features and LM risk in patients with EC. Through this predictive model, physicians will be able to estimate the likelihood of developing LM in patients with EC, providing guidance for further clinical management.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://seer.cancer.gov/data-software.



Author Contributions

YY and RW contributed equally to this manuscript. (I) Conception and design: YY; (II) administrative support: JZ, YY; (III) provision of study materials or patients: RW; (IV) collection and assembly of data: YZ; (V) data analysis and interpretation: RW; (VI) manuscript writing: All authors; (VII) final approval of manuscript: All authors contributed to the article and approved the submitted version.



Funding

Shaanxi Province's 2017 Key R&D Plan (2017SF-217).



Acknowledgments

The authors acknowledge the great efforts of the Surveillance, Epidemiology, and End Results Program in the creation of the Surveillance, Epidemiology, and End Results database. We would like to thank Emma Clinton for English language editing. Thanks for the funding of Shaanxi Province's 2017 Key R&D Plan (2017SF-217).



References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. (2016) 66(1):7–30. doi: 10.3322/caac.21332

2. Elshaikh MA, Vance S, Suri JS, Mahan M, Munkarah A. Improved survival endpoints with adjuvant radiation treatment in patients with high-risk early-stage endometrial carcinoma. Int J Radiat Oncol Biol Phys. (2014) 88(2):351–6. doi: 10.1016/j.ijrobp.2013.11.003

3. Amant F, Moerman P, Neven P, Timmerman D, Van Limbergen E, Vergote I. Endometrial cancer. Lancet. (2005) 366(9484):491–505. doi: 10.1016/S0140-6736(05)67063-8

4. Lewin SN. Revised FIGO staging system for endometrial cancer. Clin Obstet Gynecol. (2011) 54(2):215–8. doi: 10.1097/GRF.0b013e3182185baa

5. Liu Y, Chi S, Zhou X, Zhao R, Xiao C, Wang H. Prognostic value of distant metastatic sites in stage IV endometrial cancer: a SEER database study of 2948 women. Int J Gynaecol Obstet. (2020) 149(1):16–23. doi: 10.1002/ijgo.13084

6. Sohaib SA, Houghton SL, Meroni R, Rockall AG, Blake P, Reznek RH. Recurrent endometrial cancer: patterns of recurrent disease and assessment of prognosis. Clin Radiol. (2007) 62(1):28–34; discussion 5–6. doi: 10.1016/j.crad.2006.06.015

7. Mariani A, Webb MJ, Keeney GL, Podratz KC. Routes of lymphatic spread: a study of 112 consecutive patients with endometrial cancer. Gynecol Oncol. (2001) 81(1):100–4. doi: 10.1006/gyno.2000.6111

8. Mao W, Wei S, Yang H, Yu Q, Xu M, Guo J, et al. Clinicopathological study of organ metastasis in endometrial cancer. Future Oncol. (2020) 16(10):525–40. doi: 10.2217/fon-2020-0017

9. Brooks RA, Fleming GF, Lastra RR, Lee NK, Moroney JW, Son CH, et al. Current recommendations and recent progress in endometrial cancer. CA Cancer J Clin. (2019) 69(4):258–79. doi: 10.3322/caac.21561

10. Guo J, Cui X, Zhang X, Qian H, Duan H, Zhang Y. The clinical characteristics of endometrial cancer with extraperitoneal metastasis and the value of surgery in treatment. Technol Cancer Res Treat. (2020) 19, 1533033820945784. doi: 10.1177/1533033820945784

11. Baschnagel AM, Mangona VS, Robertson JM, Welsh RJ, Kestin LL, Grills IS. Lung metastases treated with image-guided stereotactic body radiation therapy. Clin Oncol (R Coll Radiol). (2013) 25(4):236–41. doi: 10.1016/j.clon.2012.12.005

12. Zhu L, Sun X, Bai W. Nomograms for predicting cancer-specific and overall survival among patients with endometrial carcinoma: a SEER based study. Front Oncol. (2020) 10:269. doi: 10.3389/fonc.2020.00269

13. Adachi M, Mizuno M, Mitsui H, Kajiyama H, Suzuki S, Sekiya R, et al. The prognostic impact of pulmonary metastasectomy in recurrent gynecologic cancers: a retrospective single-institution study. Nagoya J Med Sci. (2015) 77(3):363–72. PMID: 26412882; PMCID: PMC4574323

14. Jiang W, Chen J, Tao X, Huang F, Zhu M, Wang C, et al. Possible risk factors of pulmonary metastases in patients with international federation of gynecology and obstetrics stage I endometrioid-type endometrial cancer. Int J Gynecol Cancer. (2017) 27(6):1206–15. doi: 10.1097/IGC.0000000000001002

15. Kurra V, Krajewski KM, Jagannathan J, Giardino A, Berlin S, Ramaiya N. Typical and atypical metastatic sites of recurrent endometrial carcinoma. Cancer Imaging. (2013) 13:113–22. doi: 10.1102/1470-7330.2013.0011


Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.











	
	CASE REPORT
published: 15 July 2022
doi: 10.3389/fmed.2022.917628






[image: image2]

Pelvic Lymph Node Lymphangiomyomatosis Found During Surgery for Gynecological Fallopian Tube Cancer: A Case Report and Literature Review

Shan Xiao†, Yijia Chen†, Qianjue Tang, Lianwei Xu, Li Zhao, Zhenzhen Wang and Erkai Yu*

Department of Gynecology, LongHua Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai, China

Edited by:
Zaleha Abdullah Mahdy, National University of Malaysia, Malaysia

Reviewed by:
Roberto Altamirano, University of Chile, Chile
 Ying Zhang, ShengJing Hospital of China Medical University, China

*Correspondence: Erkai Yu, yuerkai2021@163.com

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Obstetrics and Gynecology, a section of the journal Frontiers in Medicine

Received: 11 April 2022
 Accepted: 21 June 2022
 Published: 15 July 2022

Citation: Xiao S, Chen Y, Tang Q, Xu L, Zhao L, Wang Z and Yu E (2022) Pelvic Lymph Node Lymphangiomyomatosis Found During Surgery for Gynecological Fallopian Tube Cancer: A Case Report and Literature Review. Front. Med. 9:917628. doi: 10.3389/fmed.2022.917628



Background: Lymphangioleiomyomatosis (LAM) is a rare low-grade metastatic tumor with an unknown origin that spreads through lymphatic vessels. It is characterized by the proliferation of smooth muscle-like or epithelioid tumor cells in the lung and axial lymphatic system. Extrapulmonary LAM is a localized disease with a low incidence rate, and the location of the related lesions is atypical. It is difficult to diagnose. The LAM of pelvic lymph nodes is hidden. It is usually found through gynecological oncology surgery.

Case presentation: We report a 57-year-old postmenopausal woman with a pelvic mass and vaginal bleeding as the main symptoms. The patient had no history of pulmonary LAM, tuberous sclerosis complex (TSC), or renal angiomyolipoma and had not used exogenous hormones. We performed a total hysterectomy, bilateral adnexectomy, greater omentum resection, and pelvic lymphadenectomy under laparoscopy. The postoperative pathology confirmed high-grade serous carcinoma of the left fallopian tube, and four lymph nodes were found in the pelvic lymph nodes, suggesting lymphangiomyomatosis. Immunohistochemical results also showed that these cells could express markers of smooth muscle cells and melanoma cells. The patient was treated with chemotherapy after the operation. Chest CT did not suggest lung LAM during the postoperative follow-up, and there was no tumor recurrence.

Conclusion: The diagnosis of this disease is challenging. At the same time, due to insufficient clinical samples, it is still unknown whether there is a potential relationship between pelvic and peritoneal lymph node LAM found in the surgical staging of gynecological tumors and lung LAM and/or TSC. There is no evidence that pelvic and peritoneal lymph node LAM will increase the risk of pulmonary LAM. Therefore, additional clinical data are required to analyze and summarize the relationship between pelvic and peritoneal lymph node LAM, pulmonary LAM, and the source of LAM. We present a case of pelvic lymph node LAM and propose a hypothesis that the pathogenesis of endometriosis can be used for reference in the study of this disease.

Keywords: lymphangiomyomatosis, gynecological surgery, fallopian tube carcinoma, pelvic lymph nodes, case report


INTRODUCTION

Lymphangiomatosis, also known as lymphangioleiomyomatosis (LAM), is a tumor composed of lymphangiomyocytes proliferating around lymphatics, sometimes with lymphocyte aggregation. Focal lesions are called lymphangiomyomas, and those with or without the involvement of pulmonary parenchyma are called lymphangiomyomatosis. Von Stossel first reported it in 1937. It belongs to one of the lesion families collectively known as perivascular epithelial cell tumors (PEComa). It is a slow-moving, low-grade, metastatic systemic disease characterized by progressive cystic lung destruction, abdominal tumors, and chylous fluid accumulations, including angioleiomyoma and lymphangioleiomyoma (1, 2). This disease is rare and easily misdiagnosed. It occurs almost exclusively in women, mainly in those of childbearing age. According to statistics, approximately 3.4–7.8 people per million women suffer from LAM (3). LAM can be distributed or concurrent based on TSC. LAM is most common in the lung. LAM lesions found in pelvic and peritoneal lymph nodes are rare and hidden. At the same time, LAM lesions have been reported in the uterus (4). Whether lesions in the uterus are metastatic or the source of cancer has always been the focus of debates. Primary extrapulmonary LAM is extremely rare. According to the currently reported cases, pelvic lymph node LAM found in gynecological surgery is usually uterine body cancer, cervical cancer, ovarian cancer, hysteromyoma, endometriosis, adenomyosis, and other diseases. To the best of our knowledge, primary pelvic lymph node LAM found in primary fallopian tube cancer surgery is relatively rare. Here, we report a case of pelvic lymphangiomyomatosis in the staging operation of gynecological fallopian tube cancer, and there was no pulmonary LAM at the 12-month postoperative follow-up.



CASE PRESENTATION

A 57-year-old female patient was hospitalized for “one year of menopause, pelvic mass with irregular vaginal bleeding for 3 weeks.” The patient had a history of well-controlled hypertension, denied a relevant family, and disease history. There is no history of lung disease, exogenous hormone use, TSC, or renal angiomyolipoma. 1-0-0-1, spontaneous labor. The patient was admitted to the hospital for an ultrasound examination, which showed that the intima was 7.3 mm, and the echo of the intima was uneven. There was a mixed echo on the left side of the pelvic cavity, with a size of 99 mm × 48 mm, which was mainly hypoechoic with a pipe-like structure. Preoperative PET-CT examination revealed an irregular cystic, solid mass on the left side of the pelvis, an abnormal increase in FDG metabolism in the solid part in front of the mass, the maximum value of SUV is 6.51, 7.02 after delay, the uptake range is 38 mm × 25 mm and possible large malignant lesions from the left appendix. Preoperative chest CT showed a small amount of pleural effusion on both sides, and no apparent abnormalities were found in the rest. The results of the preoperative pulmonary function examination were normal. We performed a laparoscopic total hysterectomy, bilateral adnexectomy, greater omentum resection, and pelvic lymphadenectomy. During the operation, the left fallopian tube was thickened and twisted, approximately 15 cm long, and brittle tumor tissue was seen at the fimbriae end. The uterus is slightly enlarged, and a small intramural myoma was seen in the posterior wall. There was no right fallopian tube abnormality and bilateral ovarian atrophy. The left pelvic wall adhered to the intestinal canal, and the greater omentum adhered to the abdominal wall. There was no evident lymphadenopathy. The postoperative pathology showed that the malignant epitheliogenic tumor of the left adnexa was consistent with high-grade serous carcinoma, and the possibility of fallopian tube origin was high. No definite vascular and nerve recidivism. No tumor metastasis was found in the bilateral parauterine and cervical margins. One of the eight lymph nodes in the left pelvic cavity showed lymphangiomyomatosis, 2 mm in diameter. Among the seven lymph nodes in the left obturator, two lymph nodes showed lymphangiomyomatosis, 5 mm in diameter. Among the five lymph nodes in the right obturator, one lymph node is seen, showing lymphangiomyomatosis, 5 mm in diameter. See in (Figures 1A,B) for the H&E staining results of the lymph node LAM pathological sections. Immunohistochemistry showed a-SMA positivity, Desmin positivity, HMB45 (scattered cells +), D2-40 (vessels +), β-catenin (cytoplasmic +), ER, and PR were negative (see Figures 2A–G).


[image: Figure 1]
FIGURE 1. After hematoxylin-eosin (HE) staining, it is found that there is a fascicular proliferative smooth muscle-like spindle cell area outside the pelvic lymph nodes, which has a clear boundary with the surrounding tissues (A). Smooth muscle-like spindle cell nuclei have no atypia and are mostly arranged around reticular or sinusoidal cavities lined with flat endothelium. Residual lymph nodes can be seen in local areas between proliferative spindle cells (B). The scale represents 300 μm (A) and 100 μm (B).
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FIGURE 2. Immunohistochemistry of LAM cells showed that the smooth muscle-like specific protein markers a-SMA (A) and desmin (B) were positive, the melanocyte marker HMB45 was focally positive (C), D2-40 was positive (D), ER and PR were negative (E,F), and β-catenin was positive (G). The scale represents 300 μm (A–G).


According to the pathological report after the operation, the patient was diagnosed with high-grade serous carcinoma of the left fallopian tube (p-T1aN0M0 stage IA). We gave the patient a cycle of chemotherapy with paclitaxel and carboplatin. After chemotherapy, the patient had no discomfort or bone marrow suppression, so she was discharged from the hospital. The follow-up patient elected to stop treatment because of pronounced nausea and vomiting after chemotherapy. As of 7 April 2021, the patient was followed up in our hospital again. Nearly 8 months had passed since the operation and chemotherapy. A small amount of pleural effusion was still seen on chest CT, similar to before the operation. There were no apparent abnormalities in others, and there was no evident recurrence on upper abdominal enhanced CT and pelvic enhanced MRI. The patient was followed up for 12 months after the operation, and there were no related pulmonary symptoms.



DISCUSSION

Lymphangiomyomatosis (LAM) is a rare and slow-moving multisystem disease. The common manifestation is abnormal smooth muscle-like cells infiltrating the lung parenchyma, resulting in cystic destruction of the lung (1). LAM is most common in the lungs, and its extrapulmonary features are mainly angiomyolipoma and lymphatic abnormalities. Angiomyolipomas are benign mixed mesenchymal tumors most often found in the kidney. They can be found in approximately 30–40% of women with sporadic LAM and 88–96% of women with TSC-LAM (5, 6), and most of these tumors are small and asymptomatic (7). Lymphatic manifestations include the formation of lymphangioleiomyoma and chylous pleural and ascites, occasional chylous pericardial effusion, chylous hemoptysis, and chyluria (1).

The cell source of this disease is unknown and often complicated with TSC. TSC is a multisystem autosomal dominant disease caused by germline mutations of the TSC gene, TSC1, or TSC2. Gene mutation can lead to the constitutive activation of the rapamycin (mTOR) mechanical target pathway, the imbalance of LAM cell growth and proliferation, and the obstruction of lymphangiogenesis, resulting in a lung remodeling disorder (1). LAM cells have the appearance of “immature” smooth muscle-like cells. They can express smooth muscle-like specific proteins (α-smooth muscle actins, Desmin) and the melanoma cell marker gp100, in which gp100 can be recognized by the antibody HMB45 (human melanoma black 45) (8, 9). In this case, the immunohistochemical hints of LAM in the patient's lymph nodes α-SMA, Desmin, and HMB-45 were all positive (see Figures 2A–C), which was consistent with the characteristics of LAM cells.

In addition to the overactivation of the mTOR pathway, LAM may also have a metastasis mechanism. The study found that LAM recurrence occurred after single lung transplantation, indicating that the metastasis mechanism may be involved in the progression of LAM disease (10). Szpurek et al. reported a case of a 47-year-old female primary uterine LAM with ovarian and lung metastasis (11), indicating that although LAM is considered benign histologically, LAM has the biological tendency to transform into a malignant tumor. LAM cells have the ability to grow, migrate, and invade, enter the lungs through lymphatic circulation, and even destroy distant tissues (12). However, due to the long duration of the disease, patients can remain in good condition for several years.

LAM is difficult to diagnose. The diagnostic features include TSC, angiomyolipoma, chylous pleural effusions or ascites, and lymphangioleiomyomas (2). For patients whose chest CT shows LAM lesions but there is no other confirmed evidence, it is recommended to detect vascular endothelial growth factor D (VEGF-D) before lung biopsy (2). The guidelines (2) recommend that patients with LAM be treated with sirolimus, but the guidelines do not advocate hormone therapy, including progesterone, gonadotropin-releasing hormone agonist, selective estrogen receptor modulator, and oophorectomy, because most patients do not show beneficial results.

Extrapulmonary LAM is usually a benign lesion, and lymph node lymphomyomalosis is challenging to detect. It is occult. It is occasionally found in lymph nodes of gynecological tumors and surgical stages of urinary system malignant tumors, including (13–15) of the uterus, oviduct, ovarian cancer, or bladder cancer. The total incidence rate in gynecologic malignant tumor staging surgery is 1.3% (16). It has been found that most extrapulmonary LAM occurs in lymph nodes along the mediastinum or retroperitoneal lymphatics, with three main locations followed by the posterior mediastinum, the upper retroperitoneal region close to the abdominal aorta, and the pelvis (17). These three places are all candidate sites for primary LAM, but there is some evidence that LAM originates in the pelvis and moves along the lymphatic direction (18).

The origin of LAM is still under study. Hayashi et al. reported that 90% of patients with pulmonary LAM have uterine LAM, and all uterine LAM lesions are accompanied by LAM lesions of retroperitoneal or pelvic lymph nodes. Therefore, it is assumed that the uterus or the area near the retroperitoneal or pelvic cavity may be the primary site for LAM, and LAM cells can spread to the lung through lymphatic vessels (4). At the same time, Suzuki et al. found that LAM originated in uterine smooth muscle and then invaded retroperitoneal lymph nodes through lymphatic circulation (19), which is more consistent with what Hayashi et al. said. However, since LAM also occurs in men (20), there should be other potential sources.

In this case, only pelvic lymph node LAM was found, and no lesions were found in the uterus or lungs. Currently, pelvic lymph nodes are the primary site. Whether they can develop into pulmonary LAM remains to be further followed up. The relationship between lung LAM and lymph node LAM is not clear. Some scholars found that in patients without symptoms and signs of lung LAM, lymph node LAM may be a high-risk indicator for the development of lung LAM (17). Some scholars also believe that occult lymph node LAM found in the surgical staging of gynecological cancer has nothing to do with lung LAM and TSC. However, these two diseases still need to be evaluated in detail (13).

We summarized some cases of sporadic lymph node LAM during surgery. We found that only a tiny portion (2/61) developed pulmonary LAM, the vast majority did not develop pulmonary LAM, and the association with TSC was very low (2/61) (see Table 1) (13–15, 18–22). As reported in this case, we were followed up for 12 months, but there was no significant pulmonary LAM. However, due to the slow progression of the disease, there is also the possibility that the follow-up time is not long enough, and lung involvement does not appear. According to Matsui et al., it may take 1–2 years for lymph node LAM to develop into pulmonary LAM (17), and the size of lymph node lesions in patients with pulmonary LAM is at least 10 mm. Kuno et al. (21) reported that a woman with <10 mm of lymphadenopathy developed pulmonary LAM 7 years after the operation. Therefore, lymph node LAM may be a high-risk factor for the development of pulmonary LAM. However, for more than 1–2 years without developing pulmonary LAM, it may take longer and may be related to the size of lymph node lesions.


Table 1. Female cases of pelvic and peritoneal lymph node LAM found during the operation.

[image: Table 1]

In addition, LAM mainly occurs in women of childbearing age and easily worsens during pregnancy. It is known that LAM cells express estrogen and progesterone receptors simultaneously, and a study found that the expression of PR is usually higher than that of ER (23), so female hormones play an essential role in the development and progression of the disease. However, many postmenopausal women also have LAM, and the course of disease of postmenopausal women with LAM is relatively stable (24). The patient, in this case, has been postmenopausal for 1 year. It is worth mentioning that the patient was confirmed to have high-grade serous carcinoma of the fallopian tube by postoperative pathology. Primary fallopian tube carcinoma (PFTC) is a rare malignant tumor in women, accounting for 0.14–1.8% of all female reproductive tract malignant tumors (25). Her ovaries are in a non-functional state, and we found that ER and PR were negative when staining pathological specimens (see Figures 2E,F). Therefore, hormone dependence may not be applicable in this case. It is speculated that the patient may have had pelvic lymph node LAM before menopause, but it has not been found. However, the condition is relatively stable after menopause, and there is no clinical manifestation of LAM. It is also possible that the patient developed pelvic lymph node LAM after menopause. However, pelvic and peritoneal lymph node LAM is also found in postmenopausal endometrial cancer (13–15). Most patients with endometrial cancer are in a state of relative excess estrogen, indicating that hormone levels still play an essential role in the occurrence and development of the disease.

Although LAM is hormone-dependent, it is interesting that LAM is not unique to women and, in rare cases, exists in men (20). Just as endometriosis is also a hormone-dependent disease common in women, it is now found to be not unique to women and sporadic in men (26). Combined with the metastatic characteristics of the disease, we believe that the disease has certain similarities with endometriosis in occurrence and development. They are hormone-dependent and have malignant biological behaviors such as migration and invasion. At the same time, most of the common and incidental parts of the two are similar, but the treatment methods of the two are different. Therefore, can the pathogenesis of endometriosis be used to explain the occurrence of the disease? As far as this case is concerned, this idea is difficult to realize and is not mature. We just put forward a new research idea, and more and broader clinical data are still needed for summary and analysis.



CONCLUSION

We report a case of sporadic pelvic lymph node LAM during staged surgery for primary fallopian tube cancer. At present, the source and pathogenesis of LAM cells are not clear. We propose that the disease is similar to endometriosis in hormone dependence and biological behavior. At the same time, the relationship between sporadic lymph node LAM and pulmonary LAM remains uncertain. It may be only a matter of time for sporadic lymph node LAM to develop into intrapulmonary LAM. It is also possible that the two are not related. At this stage, the long-term follow-up of internal medicine and gynecologists is essential for the correct diagnosis of LAM and cancer-related diseases.
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Background: Defects in the pelvic floor connective tissue may underlie the etiology of pelvic organ prolapse (POP). We hypothesized that the expression of proteins regulating extracellular matrix turnover is altered in the uterosacral ligament of women with POP. We compared the expression of CD44, transforming growth factor (TGF)-β, and matrix metalloproteinases (MMPs) 2/9 in women with and without POP.



Methods and Results: This matched case-control study included 30 postmenopausal women, with POP stage 2 and higher according to the POP quantification system, and 30 postmenopausal women without POP. Immunohistochemical analyses of the uterosacral ligament specimens obtained after hysterectomy were performed to determine CD44, TGF-β, MMP-2, and MMP-9 expression. The expression was quantified using ImageJ software, and the association between prolapse occurrence and risk factors was evaluated using Spearman's correlation analysis. CD44 expressions were significantly lower (p < 0.05), whereas MMP-2 and MMP-9 expression was higher (p < 0.0001 and p < 0.05, respectively), in the POP group than in the control group. The expression of TGF-β was similar in both groups. The occurrence of uterine prolapse was positively correlated with age, postmenopausal age, and MMP-2 and MMP-9 expression (p < 0.01) and negatively correlated with CD44 expression (p < 0.05).



Conclusion: CD44, MMP-2, and MMP-9 may play critical roles in the pathogenesis of POP and may be candidate biomarkers of POP progression.



Keywords: CD44, extracellular matrix, matrix metalloproteinase, pelvic organ prolapse, transforming growth factor-β





INTRODUCTION

Pelvic organ prolapse (POP) is a birth-induced joint urinary/gynecological condition that affects one in four women of all ages and more than 50% of parous women over the age of 50 (1). POP is the most prevalent among women aged 60–69 years (2). The incidence of POP is 3%–6% based on symptoms, and can reach 50% based on vaginal examination; among patients with symptoms, 6%–18% receive surgical treatment. The requirement for medical assistance to treat pelvic floor defects is growing twice as fast as the population (3). Therefore, the prevention of POP has become an important issue in obstetrics and gynecology.

Pelvic organs are supported by the pelvic floor muscle complex, main ligament, uterosacral ligament (USL), and pelvic fascia. The pelvic fascia is a connective tissue structure that covers the walls and floor of the pelvis. It consists mostly of collagen fibers interlaced with elastin, smooth muscle cells, and fibroblasts, is abundant in extracellular matrix (ECM) that envelops the USL-cardinal ligament, and is thought to provide a critical level of support. The USL is one of the major ligaments holding the uterus and, thus, is a very important component of the pelvic support system. The mechanisms underlying pelvic floor laxity are not clearly understood. Studies in humans and animals have suggested that USL repair defects are due to changes in the structure and organization of fibrous connective tissue (4), including the amount and composition of the ECM, which is a major factor affecting tissue stability (5).

Collagen and elastin are the primary constituents of the ECM that provide strength and flexibility to the USL. A decrease in collagen deposition or changes in the proportion of collagen types can affect tissue stiffness and increase the susceptibility to POP. Type I and type III collagens are responsible for the stiffness and elasticity of connective tissue, respectively (6). Collagen is degraded by enzymes of the matrix metalloproteinase (MMP) family, which have distinct activities and functions. Among the MMPs, MMP-2 and MMP-9 break down degenerated collagen and elastin peptides into smaller fragments and are important factors in ECM turnover (7).

Transforming growth factor (TGF)-β is a fibrogenic cytokine that plays a key role in ECM remodeling and regulation of tissue integrity. TGF-β activity can alter the balance between ECM synthesis and degradation and is implicated in the pathophysiology of many fibrotic disorders, including pulmonary fibrosis (8) and cardiac fibrosis associated with heart failure (9). Furthermore, some studies show that TGF-β expression is altered in fibroblasts and pubic fascia of women with POP (10, 11). However, some reports show that TGF-β is not associated with the prognosis for patients with POP. Thus, there is no consensus regarding the role of TGF-β in the pathogenesis of POP, and further investigation is required.

The transmembrane glycoprotein CD44 is a major cell surface receptor for hyaluronic acid and can also interact with other ECM components, such as collagen and laminin. CD44 is implicated in the regulation of numerous attachment-dependent processes, such as cell proliferation, migration, and differentiation (12). Furthermore, extensive evidence indicates that CD44 plays a role in fibroblast invasion and progressive fibrosis of the lung and heart, not only through the establishment of specific transmembrane complexes but also through its participation in key signal transduction cascades (13–16). These data suggest that CD44 may be incorporated into the biochemical pathways responsible for the pathogenic alterations in the ECM that may promote POP. However, the role of CD44 in POP has not been investigated and, to the best of our knowledge, there have been no studies on CD44 expression in the USL of women with POP.

The main objective of this study was to compare the expression levels of CD44, TGF-β, MMP-2, and MMP-9 in the USL of patients with and without POP. We hypothesized that CD44 would be lower in the tissues of prolapse patients compared with those of the control group. We believe that this is the first report to illustrate the difference in CD44 expression between POP and non-POP women, aa well as the correlation between these indicators and uterine prolapse.



MATERIALS AND METHODS

Clinical information, including follow-up data, was extracted from the Department of Gynecology database between 2020 and 2021. Ethical approval was obtained from the Clinical Research Ethics Committee of the First Affiliated Hospital of Zhejiang University School of Medicine, China (approval number: IIT20210069B-R1). All procedures were performed in accordance with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. The case group (n = 30) included postmenopausal women who had prolapse of POP stage 2 or higher (according to the POP quantification system) and underwent planned vaginal hysterectomy because of POP-related symptoms. The control group (n = 30) consisted of women without prolapse who had undergone hysterectomy for other benign diseases. The patients had no oxidative stress-related disorders, including connective tissue disease or coronary heart disease. Patients who had taken estrogen in the past 3 months were excluded from the study. Informed consent was obtained from all individual participants included in the study.


Tissue Collection and Immunohistochemistry

USL specimens were obtained from tissues extracted by hysterectomy. Samples (approximately 5 mm3 in size) were taken from the dorsal part of the cervix, 1 cm from the beginning of the cervix (at the left side), and verified by histological analysis.

Tissue samples were fixed in 10% neutral buffered formalin, embedded in paraffin, and treated with citric acid buffer (pH 6.0) in a microwave for antigen retrieval. Sections were then incubated in 3% hydrogen peroxide solution at room temperature in the dark for 25 min to inhibit endogenous peroxidases, then blocked in 3% bovine serum albumin at room temperature for 30 min. Reactions with primary antibodies against CD44 (dilution 1:100; GB13065), MMP-2 (dilution 1:500; GB11130), MMP-9 (dilution 1:500; GB11132-2), and TGF-β (dilution 1:100; GB13028) (all from Servicebio, Wuhan, China) were performed overnight at 4°C. After incubation with horseradish peroxidase-labeled secondary antibodies (Servicebio) at room temperature for 50 min, immune reactivity was detected with diaminobenzidine (K5007, DAKO, Wuhan, China); color development was observed under a microscope. Nuclei were counterstained with Harris hematoxylin. The percentages of positively stained areas were quantified using ImageJ software (version 1.8.0, National Institutes of Health, Bethesda, MD, USA).



Statistical Analyses

Data of at least three independent experiments were expressed as mean ± standard deviation. Patient groups were compared using two-sample t-tests, Mann–Whitney test, and Fisher’s exact test, separately for means and proportions. Spearman's test was used for the correlation analysis of non-normally distributed continuous variables. Statistical analyses were performed using SPSS (version 23.0; IBM, Armonk, NY, USA) and Prism Version 8.01 (GraphPad Software, La Jolla, CA, USA). Statistical significance was set at p < 0.05.




RESULTS


Clinical Characteristics of the Study Population

In total, 60 postmenopausal women who had undergone hysterectomy were analyzed: 30 with symptomatic POP (cases) and 30 without POP (controls); their clinical parameters are shown in Table 1. Women with POP were significantly older (p < 0.001), had a longer postmenopausal period (p < 0.0001), and showed a higher incidence of hypertension (p = 0.038) than women without POP. Women in the POP group had a vaginal hysterectomy as the standard surgical treatment for symptomatic POP. In the control group, hysterectomy was performed for uterine leiomyoma (n = 20), postmenopausal bleeding (n = 2), uterine adenomyosis (n = 7), and cervical intraepithelial neoplasia (n = 3).


TABLE 1 | Clinical characteristics of the study population.
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Differential Expression of CD44, TGF-β, MMP-2, and MMP-9 in Women with and Without POP

Figure 1 shows representative images of USL sections from the POP and control groups after staining with antibodies against CD44, TGF-β, MMP-2, and MMP-9. Quantitative analyses revealed a significant decrease in CD44 expression and an increase in MMP-2 and MMP-9 expression in the POP group compared with those in the control group (Figure. 2). The percentages of USL-positive areas stained with anti-CD44 antibodies were 11.8% in patients with and 13.5% in those without POP (p = 0.0263). The CD44 expression levels in younger and older POP patients did not differ significantly from those in younger and older control subjects (11.6% vs. 11.9% and 14.5% vs. 13.1% stained areas in younger and older patients, respectively). The expression levels of MMP-2 and MMP-9 were similar in the POP group (13.2% and 13.7% stained areas, respectively) but significantly higher than those in the control group (9.92% and 11.4%; p < 0.0001 and p = 0.0155, respectively). However, there was no significant difference in the expression of TGF-β between the POP and control groups (9.34% vs. 10.2%; p = 0.2213).


[image: Figure 1]
FIGURE 1 | Immunohistochemistry analysis of uterosacral ligaments from women with and without pelvic organ prolapse. Sections of uterosacral ligaments obtained from women who had undergone hysterectomy were stained with antibodies against CD44 (A), transforming growth factor-β (B), matrix metalloproteinase (MMP)-2 (C), and MMP-9 (D).



[image: Figure 2]
FIGURE 2 | Quantification of matrix metalloproteinase (MMP)-2 (A), MMP-9 (B), transforming growth factor (TGF)-β (C), and CD44 (D) expression in uterosacral ligaments. Sections of uterosacral ligaments were stained with antibodies against CD44, TGF-β, MMP-2, and MMP-9, and counterstained with Harris hematoxylin. The percentages of positively stained areas were quantified using ImageJ software and are expressed as means ± standard deviations. POP, pelvic organ prolapse.




Risk Factors of Uterine Prolapse

Spearman's correlation analyses were performed to determine the associations of various risk factors with POP. The results indicated that the occurrence of uterine prolapse was positively correlated with age, postmenopausal age, and MMP-2 and MMP-9 expression (p < 0.01), and negatively correlated with CD44 expression (p < 0.05) (Table 2).


TABLE 2 | Correlations between pelvic organ prolapse and risk factors.
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DISCUSSION

In this study, we showed that postmenopausal women with symptomatic POP, and those without POP, differed in the expression of factors involved in the synthesis and turnover of the ECM. Specifically, the levels of CD44 were significantly lower, and those of MMP-2 and MMP-9 were higher in the USLs of the POP group than in the USLs of the control group. Furthermore, CD44 levels were negatively correlated and MMP-2/9 levels positively correlated with prolapse. However, there was no difference in the expression of TGF-β between women with and without POP. These results support our hypothesis that CD44 could be involved in the pathogenesis of POP and are consistent with roles for CD44, MMP-2, and MMP-9 in the mechanisms underlying the balance between the production and degradation of the ECM.

POP is commonly considered as a condition caused by the weakness of pelvic floor muscles and fascia due to childbirth, age, and abnormalities in connective tissue. The ECM is a key component of connective tissue that provides a framework for pelvic support; therefore, it may play a critical role in the occurrence of POP (17). The ECM is dynamically reshaped through quantitative and qualitative changes in cellular and non-cellular components, including enzymes such as collagenase and MMPs that regulate ECM turnover (18). MMPs are closely involved in ECM remodeling in normal and pathological conditions as they can cleave most ECM proteins (19). One of the major functions of MMP-2 is to degrade type IV collagen, elastin, and fibronectin. It is regulated by tissue inhibitor of MMP-2 (TIMP-2), which irreversibly inactivates the enzyme, preventing ECM degradation. MMP-9 is also involved in ECM protein degradation and is implicated in the development of several diseases (20). Previous studies revealed higher expression of MMPs, including MMP-2 and MMP-9, and lower expression of TIMP-2, in USL and vaginal wall biopsies from patients with POP (21, 22). These data, together with our results, suggest that the increased expression of MMP-2 and MMP-9 can accelerate ECM breakdown and promote POP.

TGF-β is considered a critical fibrogenic cytokine that plays a role in myofibroblast differentiation in different tissues (23). The TGF-β/Smad signaling pathway regulates the activity of MMPs and promotes stress-related urinary incontinence after natural birth in animal experiments, whereas TGF-β is downregulated after excessive mechanical strain or oxidative stress (17, 20). However, the role of TGF-β in POP is controversial. For example, a study reports that TGF-β1 expression in patients with POP is significantly reduced (22), whereas another study did not detected any difference in TGF-β1 levels in the USL of women with and without POP (24). In our study, we also did not observe a significant difference in TGF-β expression between the POP and control groups. However, the TGF-β1 pathway is known as a signaling mechanism critical for the cellular response to mechanical stress (17) and, as such, may be related to the pathophysiology of uterine prolapse in postmenopausal women.

To the best of our knowledge, this is the first report on the expression of CD44 in the USL of women with POP. CD44, a cell surface glycoprotein, participates in cell proliferation, adhesion, and migration, as well as in hematopoiesis and lymphocyte activation (25), through binding to its ligands including hyaluronic acid, MMP-9, vascular endothelial growth factor, epidermal growth factor, fibronectin, type I collagen, and osteopontin (11, 26). It has also been shown that fibril-associated collagen XIV can directly interact with CD44 (27). However, the role of CD44 in ECM deposition and fibrogenesis is unclear. On the one hand, some reports indicate that CD44 may promote the synthesis of ECM constituents. For example, it has been reported that CD44-deficient mice show reduced fibroblast infiltration and collagen deposition but increased proliferative activity of fibroblasts (28), and that they also have decreased collagen breakdown and fibrous collagen deposition (29). However, CD44 knockout mice with acute lung injury do not show significant changes in the accumulation of lung interstitial collagen (14). An interesting novel role of CD44 was observed in an in vitro study showing that CD44 may be involved in the coordination of cell motility and proliferative responses to ECM stiffening (30). These data suggest that the effects of CD44 on ECM-related processes may depend on the specific environment. Our results, that CD44 expression was significantly associated with POP, may indicate the involvement of CD44 in the pathophysiology of prolapse.

The mechanism of uterine prolapse is complex and not well-understood. Our results implicate CD44, along with MMP-2 and MMP-9, in the development of POP. This is consistent with a previous report on the synergy between CD44, MMP-2, MMP-9, and TGF-β in the physiological mechanism of tissue remodeling (26). Our results can further improve our understanding of the molecular mechanisms underlying POP pathology and contribute to the establishment of novel therapeutic targets in POP.

Our study had some limitations. As it was a case-control investigation, it was not possible to determine the cause-and-effect relationship between POP and protein expression, and we can only refer to the correlation between the occurrence of prolapse and protein expression detected by immunohistochemistry. Furthermore, additional studies involving young patients are needed to establish the role of CD44 in the etiology of POP. Nevertheless, our results suggest an interesting link between CD44 expression and POP in postmenopausal women that has not been reported previously.

In summary, this study provides evidence that CD44 may be a risk factor for uterine prolapse and a novel candidate biomarker of POP. As the prevalence of POP is rapidly increasing with the increase in the aging population, the identification of new biomarkers offers a foundation for the development of improved therapeutic interventions.
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Objective: This study aims to investigate the feasibility and short-term efficacy of single-port laparoscopic-assisted transvaginal natural cavity endoscopic sacrospinous ligament suspensions (SvNOTES).



Methods: A total of 30 patients diagnosed with anterior or/and middle pelvic organ prolapse Stages III and IV underwent natural vaginal cavity (SvNOTES), and 30 patients who underwent conventional sacrospinous ligament (SSLF) were used as a control group. The operation time, blood loss, postoperative POP-Q score, length of hospital stay, and complications were compared between the two groups.



Results: The operation time for SvNOTE was (60 ± 13) min, which was longer than (30 ± 15) min for SSLF (P = 0.04). However, the bleeding amount in SvNOTE was 29.44 ± 2.56, significantly lower than that in the SSLF group (80 ± 10; P = 0.02), and the postoperative hospital stay in the SvNOTE group was (4 ± 2) days, longer than (3 ± 1) days in SSLF (P = 0.02). However, there were no intraoperative complications in the SvNOTE group, whereas one ureteral injury occurred in the SSLF group; in addition, the postoperative POP-Q score was significantly better in the SvNOTE group than that in the SSLF group with increasing time (P < 0.001).



Conclusion: Compared with SSLF, single-port laparoscopic sacrospinous ligament suspension via the natural vaginal cavity is visualized, greatly improving the success rate of sacrospinous ligament fixation, with less blood loss and fewer complications, arguably a safer and minimally invasive surgical approach.



KEYWORDS pelvic floor dysfunction (PFD), sacrospinal ligament fixation, surgery, single-port laparoscopic, natural vaginal cavity





Introduction

Pelvic floor dysfunction (PFD) is a series of functional disorders caused by the development of defects, weakness, degradation, damage, and dysfunction of the pelvic floor support structure, which leads to pelvic organ displacement and comprises the social activity of patients (1, 2). As the aging started to increase in China, the incidence rate of PFD has increased significantly. As a result, it has become a common disease that seriously affects the quality of life of middle-aged and older women.

In recent decades, novel minimally invasive surgery technologies have been developed. Due to the lower level of postoperative pain, short hospitalization time, rapid recovery, and a good cosmetic effect, natural orifice transluminal endoscopic surgery (NOTES), a novel minimally invasive surgical method, has gained preference, and a large number of reports have been published on this technique (3). In this surgical method, the abdominal cavity is entered through natural orifices, such as the mouth, urethra, and anus, without any abdominal incisions being made (4, 5). Compared with laparoscopic surgery, NOTES has the advantages of being minimally invasive, eliminating the need for any abdominal incisions and reducing postoperative abdominal pain, incision infection, hernia formation, and adhesion (6).

Most NOTES operations can be performed via the vagina or oral cavity. Since the vagina can be easily decontaminated and provides direct access, safety, and easy closure, transvaginal NOTES has been widely used for cholecystectomy, nephrectomy, and various gynecological diseases (7–9). In addition, NOTES has been commonly used in several surgical procedures not only by gynecologists (10) but also by general surgeons and has been proven safe and easy to close (11, 12).

The management of pelvic organ prolapse includes sacrocolpopexy, high uterosacral ligament suspension, and sacral spinal ligament fixation (SSLF). Publications have demonstrated that conventional or robotic NOTES sacrocolpopexy and high uterosacral ligament suspension are feasible and safe. However, there have been only a few reports published on the sacrospinous ligament suspension treatment of pelvic organ prolapse via NOTES.

Therefore, the purpose of this study was to compare the feasibility, safety, efficacy, and cosmetic effect of transvaginal endoscopy and conventional treatment for pelvic organ prolapse.



Methods


General Information

A total of 60 patients with Grade III or above anterior or middle pelvic prolapse admitted to the Department of Obstetrics and Gynecology of the First Affiliated Hospital of Wannan Medical University from January 2020 to 2021 were selected. All patients were postmenopausal women who presented to our obstetrics and gynecology department for symptomatic vaginal vault prolapse or uterine prolapse. Patients who had a diagnosis of gynecologic tumor or malignancy requiring open surgery or laparoscopy, who had an untreated vaginal infection, or who could not be followed up for 2 years at the beginning of the trial were excluded. Patients included in the trial underwent detailed urogynecological and medical history investigations before surgery. We assessed patients’ urological, bowel symptoms, and sexual life by means of relevant questionnaires using the Pelvic Floor Impact Questionnaire-Short Form 7 (PFIQ-7) and the Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire (PISQ-12). The main questions included symptoms related to prolapse, such as sensation of the vaginal bulge, pelvic pressure, difficulties in voiding the bladder or bowel, urinary incontinence, coital frequency, dyspareunia, and possible effect of prolapse and surgery postoperatively on sexual function (13).

Patients were randomly assigned to one of two groups. The first group received fixation of the vaginal vault with the sacrospinous ligament, and the second group received single-port laparoscopic sacrospinous ligament suspension via the natural vaginal cavity. A computer-generated randomization list was developed by a statistician. Preoperative randomization was performed by an independent nurse who removed the card from one patient, blinded. The nurse removed a card from an opaque envelope.



Preoperative preparation

After admission, cervical cytology was performed to rule out cervical disease and ultrasound was performed to rule out uterine and bilateral adnexal disease (e.g., uterine fibroids, adnexal masses, etc.). A potassium permanganate sitz bath was given 3 days before surgery. One day before surgery, an oral magnesium sulfate retardant was given to prevent infection induced by leakage of intestinal contents due to intestinal injury during surgery.




Surgical methods


Vaginal sacrospinous ligament fixation

All patients underwent combined spinal and epidural anesthesia in the lithotomy position with the patient's legs kept buckled to prevent abduction. Then, 50 ml of normal saline was injected into the posterior vaginal mucosa and the rectal space to create a water cushion to separate the pelvic tissue from the right sciatic spine and the right sacral spine ligament. The right sacral spine ligament was exposed. The cervical tissue attached to the sacral ligament was suspended at the midpoint of the right sacral spine ligament using a no. 7 silk suture, and the vaginal mucosa was sutured using a 2/0 absorbable vicryl suture.



Transvaginal natural orifice transluminal endoscopic surgery

The position of the posterior vaginal fornix was determined. Next, 50 ml of saline was injected into the rectovaginal space using the needle in the posterior vaginal fornix to form a water dissection and cushion. An electric knife was used to cut the whole layer out of the rear wall of the vagina, which was about 3 cm long, and a single-hole port (need to put port company's name here) was inserted and secured. CO2 was insufflated at 10 mmHg to maintain sufficient pneumovagina. An ultrasonic blade was used to separate each layer of the vaginal wall to approach the sacral spine ligament. During the operation, nearby blood vessels and nerves were avoided, and the sacral spine ligament was found to be 2 cm long, according to the sciatic spine. Then, a 1-0 absorbable suture needle was placed under direct visualization through the ipsilateral sacral spine ligament and fixed on the cervical main sacral ligament or vaginal stump (Figure 1).


[image: Figure 1]
FIGURE 1
(A) Make a single incision after separating the gap. (B) Placement of homemade single-hole port. (C) Find and isolate the sacrospinous ligament. (D,E) Suture of the sacrospinous ligament.


If the patient had vaginal anterior and posterior wall bulging, vaginal anterior and posterior wall repair was performed accordingly. If a preoperative diagnosis of stress urinary incontinence was provided, intraoperative transobturator tension-free vaginal tape was applied. The same experienced surgeon performed all operations.




Statistical methods

SPSS 21.0 software was used for all statistical analyses. Measurement data were expressed as mean ± standard deviation (χ ± S), and variance analysis was used to compare data between groups. The enumeration data were expressed as percentages, and the χ2 test was performed on data between groups. A P < 0.05 was considered statistically significant.



Results


Basic situation of patients

As shown in Table 1, there were no significant differences in age, body mass index, parity, and uterine prolapse between the two groups (P > 0.05). The POP-Q at each indicator point (Aa, Ba, C, Ap, and Bp, as shown in Table 1) was recorded.


TABLE 1 Characteristics of the study patients (n = 101).a

[image: Table 1]



Intraoperative situation

In the SvNOTES group, the blood pressure of one patient decreased to 50/20 mmHg and blood oxygen saturation decreased to 30% after the formation of elevated air pressure during the operation. The procedure was immediately stopped, and conventional surgery was performed instead. In the SSLF group, one patient had a ureteral injury. There were no bladder and rectum injuries or complications such as large blood vessel and nerve injury in either of the two groups. The operation time in the SSLF group was 30 ± 15 min, while that in the SvNOTES group was 60 ± 13 min (P = 0.04), with a significant statistical difference between the two groups. Intraoperative blood loss in the SSLF group was 80 ± 10 ml, while that in the SvNOTES group was 20 ± 14 ml (P = 0.02), with statistical significance (Table 2).


TABLE 2 Perioperative outcomes by the surgical group.a

[image: Table 2]



Short-term postoperative complications

The residual urine level was 110 ± 12 ml in the SSLF group and 90 ± 10 ml (P = 0.01) in the SvNOTES group. Patients with a residual urine level of more than 100 ml continued to retain catheterization, and electrical stimulation physiotherapy was performed. One week later, the catheter was removed again. The indwelling catheterization time was 7 ± 2 days in the SSLF group and 4 ± 1 days in the SvNOTES group (P = 0.003). There were no significant differences (Table 3) in postoperative normal activity time and postoperative body temperature stability time.


TABLE 3 Postoperative complications.a

[image: Table 3]



Postoperative objective observation indexes and subjective symptom scores

After 24 months of follow-up, the Aa, Ba, C, Ba, and Bp were recorded (Table 4). The pelvic dysfunction scale (PFDI-20) was used to evaluate pelvic function. We found that the difference in postoperative PFDI-20 scores between the two groups was statistically significant (P < 0.05). The pelvic organ prolapse disorder scale (POPDI-6), defecation dysfunction scale (CRADI-8), Pelvic Floor Impact Questionnaire-7 (PFIQ-7), and urinary dysfunction scale (UDI-6) were also collected. In addition, the sexual function scale (FSFI) was used to evaluate the quality of sexual life (the higher the score, the higher the quality of sexual energy). In this study, the pelvic function of the SvNOTE group was significantly better than that of the SSLF group (Table 5).


TABLE 4 Postoperative objective observation indexes.a

[image: Table 4]


TABLE 5 Subjective symptom score at the 2-year follow-up.a

[image: Table 5]



Postoperative complications

The recurrence of pelvic prolapse refers to Degree II or above prolapse after 6 weeks of operation. In the SSLF group, the recurrence rate was 13.3% (4/30) (there were three cases with Stage I and one case with Stage II pelvic organ prolapse). In the SvNOTES group, only one case of recurrence of pelvic organ prolapse was reported. After investigation, both operations were confirmed as recurrence of anterior pelvic prolapse (Table 3). The symptoms of the 10 patients with urinary incontinence in the SSLF group improved significantly, while that of two cases did not improve. V-NOTE combined with urinary incontinence was ultimately improved, with no new cases of urinary incontinence (Table 3).




Discussion

In clinical practice, transvaginal surgery was difficult for some obese patients or patients with vaginal stenosis, transvaginal NOTES is particularly suitable for those patients. The first clinical transvaginal NOTES transvaginal endoscopic cholecystectomy was performed by Zorrón et al. (14) at the University Hospital of Teresopolis, Brazil. Thereafter, Bessler et al. (15) performed the same at Columbia University Medical Center, New York, USA, and Marescaux et al. (16) performed the same at University Louis Pasteur, Paris, France, using similar procedures. Currently, the use of NOTES for gynecologic surgery, including transvaginal hydrolaparoscopy, transgastric adnexectomy, and tubal ligation (6, 17), has steadily advanced. However, there have very few reports on pelvic floor disorders, especially the sacrospinous ligament. To our knowledge, this is the first case series in which the sacrospinous ligament was fixed using SvNOTES. The successful completion of the procedure demonstrates the feasibility of a transnatural cavity with single-port laparoscopy to effectively improve the symptoms of pelvic organ prolapse in women.

Compared with conventional transvaginal surgery, the surgical ﬁeld of SvNOTES can be clearly visualized using an endoscopic camera; any pathology beyond the reach of the operator can be easily managed with the assistance of laparoscopic instruments (18, 19). More importantly, it has the advantage of the absence of abdominal scarring (20).

As we all know, SSLF is a classic surgical procedure used for the treatment of pelvic prolapse (21), but the location of the sacral spine ligament is profound and its anatomy is complex (22, 23). This involves many nerves, internal pudendal arteries, sacral plexus vessels, and ureter, and the rectum is located near the sacral spinous ligament (24). Therefore, blind dissection and suturing may cause vascular nerve ureteral injury (25). In addition, the SSLF procedure is more difficult in patients who are infertile, obese, or have vaginal stenosis; one case in which the suture needle was broken and lost during the operation, resulting in reoperation due to postoperative pain, has been previously reported (26). In our research group, it was found that compared with SSLF, abdominal sacrospinal ligament suspension has the disadvantages of a longer operation time, significant trauma, slower recovery, and higher cost. Therefore, we designed SvNOTE based on operations that are currently performed. In our study, we found that this surgical method leads to a lower recurrence rate and fewer complications. Due to better visualization of vital anatomy during SvNOTES, the incidence of ureteral injury decreased significantly (no ureteral injuries were reported in this study). In addition, the location of the intraoperative suture needle was constantly monitored, which significantly decreased the probability of suture needle loss.

In addition, the operation space available during SSLS is narrow, and the whole operation is wholly sutured or punctured based on the operator's experience. This may result in differences or errors in the anchoring position, which will lead to an increased postoperative recurrence rate. After SvNOTE surgery was implanted into the single-port laparoscopic PORT through the natural cavity, the sacrospinal ligament was exposed under direct visualization. Therefore, the blood vessels, nerves, and urethra surrounding the sacrospinal ligament were safely dissected. In addition, the intraoperative pneumoperitoneum can push the rectum away from the surgical field, which further helps in avoiding essential organs and blood vessels. In addition, when a small amount of bleeding is found during the operation, we can stop the bleeding in time, resulting in minimal intraoperative bleeding. Finally, since we sutured the exposed sacrospinal ligament to the top of the vagina, we could accurately anchor it in a specific position and strengthen it for the future. Our study demonstrated that the intraoperative bleeding of patients was significantly less in the SvNOTE group than that in the control group. The postoperative recurrence rate decreased significantly, and the postoperative recovery time of patients was not longer than that of the control group. Therefore, our surgical technique is safer and produces a lower recurrence rate than SSLS.

However, after port implantation, air pressure was used to expand the field of vision. The increase in air pressure may lead to the possibility of gas embolism. During our operation, the blood pressure of one of the patients dropped sharply after inflation. After immediate blood gas analysis, gas embolism was considered. After the data were analyzed, it was found that the intraoperative air pressure was slightly higher (13 mmHg). Therefore, the air pressure was controlled at 8–10 mmHg during the rest of the SvNOTE operations (27), and the blood oxygen saturation was closely monitored during the procedure by actively cooperating with anesthetists to ensure the safety of the operation. Since this is a single-hole process, the surgeon should not only be familiar with the pelvic floor structure but should also master the single-hole technology to avoid the chopstick effect. As this was a single-hole operation that required the bilateral sacral spine ligament to be clearly exposed, the operation time was longer than that of the conventional group. In addition, intraoperative attention should not be paid to arbitrary electrocoagulation or cutting, and membrane anatomy should be preserved as much as possible. Otherwise, adjacent organs may be damaged due to an unclear level of vision caused by bleeding.

SvNOTES are especially beneﬁcial for patients considered as relative contraindications in conventional transvaginal surgery due to the restricted downward traction of pelvic organs for surgical manipulation and hemostasis (28). SvNOTES allow for scar lessness and exert a lesser degree of triangulation loss and instrument crowding due to vaginal elasticity. A surgeon who wishes to perform SvNOTES should be conﬁdent in PFD. Experience in PFD will certainly lower the learning curve and shorten the operative time.

However, our procedure has several drawbacks similar to those of conventional sacrospinous ligament suspension surgery, such as the vaginal axial bias to the side of suspension and posteriority, which increases the risk of anterior pelvic prolapse. However, our procedure can be performed through a natural channel using a single-hole laparoscope, which makes it minimally invasive or even noninvasive. In addition, we can precisely expose the sacrospinous ligament under direct vision and perform sacrospinous ligament fixation. This makes the anchoring position highly accurate, which greatly reduces the postoperative recurrence rate. Furthermore, intraoperative pneumoperitoneum pressure is used to push open the rectum, and the use of the laparoscope results in important blood vessels and nerves being avoided, which significantly reduces the incidence of surgical complications. In addition, since a mesh was not used during surgery, there is no risk of mesh erosion.

In conclusion, single-port laparoscopic sacrospinous ligament suspension via the natural vaginal cavity for pelvic prolapse is an original adding something new to the literature in the field of minimally invasive surgery for pelvic organ prolapse surgery. Our surgical approach improved surgical precision, significantly reduced the recurrence rate, and led to a significant decrease in intraoperative complications. The limitations of our study are the small sample size and the high operator requirements (proficiency in operating single-port laparoscopic surgery and great familiarity with pelvic floor anatomical findings). However, with the comparison group, we can validate the safety and efficacy of this procedure.
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Objective: To study the efficacy and safety of transvaginal natural orifice transluminal endoscopic Sacrospinous Ligament Fixation in the treatment of moderate and severe pelvic organ prolapse.



Design: Patients were selected into this study on a voluntary basis to evaluate the short-term efficacy of this surgery by comparing the OP-Q scores before the operation, three months after the operation, and six months after the operation.



Setting and Patients: Evaluate the clinical efficacy and safety by a retrospective analysis of the clinical data of the 18 patients with POP-Q grade III–IV pelvic organ prolapse treated by the Department of Gynecology of Nanjing Medical University Affiliated Changzhou No.2 People's Hospital from April 2020 to November 2020, and their post-operation follow-ups.



Interventions: Patients with postoperative follow-ups found no obvious relapse without intervention measures.



Measurements and Main Results: The transvaginal natural orifice transluminal endoscopic Sacrospinous Ligament Fixation was performed successfully, and the anterior and posterior walls of vagina and/or trans-vaginal hysterectomy were repaired as appropriate. Except the total vaginal length (TVL), the P values of numerical analysis for all points before, three months after, and six months after the operation were all <0.05, being statistically significant.



Conclusion: This method is effective in the treatment of moderate and severe pelvic organ prolapse with few complications, but more cases and longer-term follow-up data are needed to determine the long-term effect of this procedure. For the selection of puncture sites, more anatomical data are needed to get more accurate result.
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pelvic organ prolapse (POP), transvaginal single-port laparoscopy, sacrospinous ligament suspension, V-NOTES, surgical research





Introduction

With the age increases, the incidence of pelvic organ prolapse increases significantly among women, especially for those who have delivered many times. Studies have shown that about 4.1% of pelvic prolapse patients aged 80 and above have clinical symptoms, which affect their quality of life (1–4). Research has indicated that about 11% of women below 80 underwent operation because of pelvic organ prolapse or stress urinary incontinence (5). While China is facing the challenge of an aging society, many other countries in the world, such as Japan and the United States, have already faced or are about to experience the arrival of an aging society (6, 7). At present, there are a variety of treatment methods for pelvic organ prolapse. For patients with clinical symptoms after failure of non-operative treatment, and who are unwilling to accept non-surgical intervention, surgical intervention has become the main option. The principle of treatment is to restore the normal anatomical structure of the pelvic floor. Since the sacrospinous ligament suspension was invented by Sederl in the 1950s, the operation has received constant improvements. Some studies have shown that the five-year failure rate of sacral ligament suspension is as high as 70.3% (8), but this is quite different from the about 37% failure rate reported by most studies (9–12). The author believes that the difference of postoperative recurrence rate may be caused by some factors, such as poor visual field of vaginal surgery, poor visual field of puncture during Sacrospinous Ligament Fixation, and different level of surgeons. Transvaginal natural orifice transluminal endoscopic (V-Notes) surgery has a history of years. The security and feasibility of these two methods have been proved. Therefore, the author believes that under the premise of good surgical skills and meticulous operation, the surgical method may be safe, feasible, and appropriate. V-Notes has gradually replaced some vaginal surgery because of its advantages of being minimally invasive, beautiful, and visualized. To this end, the author team has designed the transvaginal natural orifice transluminal endoscopic Sacrospinous Ligament Fixation. The good clinical results are reported as follows:



Data and methods


General data

18 patients with pelvic organ prolapse were selected from April 2020 to November 2020 in the Nanjing Medical University Affiliated Changzhou No. 2 People's Hospital. All patients were diagnosed according to the definition set forth in the ACOG guidelines, namely pelvic organ prolapse refers to the decline of one or more aspects of the vagina and uterus: the anterior wall of the vagina, the posterior wall of the vagina, the uterus (cervix), or the top of the vagina (vaginal vault or cuff scar after hysterectomy) (13). The average age of the patients was 62.61 ± 10.26 years old, and the average number of parturition was 2.00 ± 0.77. Each patient was scored and recorded by POP-Q after admission (14). Among them, 12 cases were Grade III and 6 cases were Grade IV. (Details are shown in Table 1.)


TABLE 1 Basic information of 18 patients.

[image: Table 1]


Case selection criteria

(1) Patients rated Grade III or above by POP-Q staging; (2) Patients who require surgical treatment after receiving non-operative treatment (Pessary, pelvic floor muscle training, etc.); (3) Patients who voluntarily accept this procedure and sign the informed consent form for the operation.; (4) Patients with good postoperative compliance and who can be followed up on time.



Case exclusion criteria

(1) Patients with severe medical complications who cannot tolerate surgery and anesthesia; (2) Patients with related surgical contraindications (such as acute reproductive tract infection, vaginal injury, and genital tract deformities such as vaginal stricture); (3) Patients with malignant tumors of pelvic and abdominal organs.




Methods


Preoperative preparation

Explain the risks related to the procedure before operation, sign the informed consent form, prepare patients for the routine gynecological laparoscopy before operation, change them to fluid diet, and carry out vaginal disinfection three days before the procedure to reduce the probability of postoperative infection. Patients with atrophy of vaginal mucosa were treated with estrogen ointment to improve the vaginal environment before the procedure. Prepare vaginal surgical instruments and transvaginal single-hole laparoscopic instruments before operation.



Establishment of surgical approach platform

After the surgical area and vagina were disinfected, towels and indwelling catheterization were disinfected. The No. 1 silk thread was sutured on both sides to fix the bilateral labia minora to the root of the bilateral thighs to expose the surgical field. After the speculum is slowly inserted, the posterior lip of the cervix was clamped with cervical forceps and pulled upward to expose the posterior wall of the vagina. The wall was cut longitudinally in the middle and lower part, and the connective tissue in the vaginal rectal space was separated step by step, exposing the pelvic floor muscle and the adjacent tissue, so as to create the space for the operation and insert the special port for the single hole of the vagina.



Surgical instruments and materials

Stryker complete digital laparoscopic system, transvaginal single-hole protective cover and special port (Beijing Aerospace Cadi Company), one pair of conventional laparoscopic scissors, one needle holder, one ultrasonic knife, one attractor, one bipolar electrocoagulation forceps, two surgical separation forceps, one 30° conventional laparoscopic lens, one light source system and pneumoperitoneum system, one set of conventional surgical instruments, two Ethibond Excel W6937 non-absorbable sutures, and other absorbable sutures, silk thread, and so on.



Anesthesia and posture

Tracheal intubation general anesthesia was used in this operation. Before anesthesia, itinerant nurses assisted patients with the bladder lithotomy position (keeping head low, foot high ≥30°, legs abduction <90°). The posterior was about one punch beyond the operating table to provide space, and braces were placed on both shoulders to prevent slippage injury.



Surgical procedure

For patients with anterior and posterior vaginal wall prolapse, anterior and posterior vaginal wall repair was feasible, followed by transvaginal single-hole laparoscopic Sacrospinous Ligament Fixation, and vaginal hysterectomy could be performed first for patients requiring hysterectomy. For patients with prolapse of the anterior vaginal wall, the anterior vaginal wall could be cut longitudinally to trim off part of the excess anterior wall tissue, and for patients with stress urinary incontinence, the bladder could be wrapped inside the anterior wall during purse suture after pruning to increase perineal pressure. Method of transvaginal single-hole laparoscopy: After exposing the surgical field, take the middle and lower part of the posterior wall of the vagina, longitudinally cut open the wall about 2.0–3.0 cm, separate a small airtight cavity with blunt fingers, and at the same time push the rectum to the left of the patient as far as possible to avoid intraoperative complications. Suture the skin flap around the incision, so as to prevent air leakage when tightening the purse after placing the protective sleeve of the incision. The incision protective sleeve is placed in the purse to open the incision and the closed space to make room for operation. Connect the incision protective sleeve to the specialized port of V-Notes to connect the pneumoperitoneum platform. Form the pneumoperitoneum by filling CO2 gas until the pressure reached 11 mmHg (1 mmHg = 0.133 kPa). Place a 30° laparoscopic lens into the operating hole to observe the visual field. Block the intestinal tube with a separation forceps to avoid injury, and then carefully separate the surrounding connective tissue with an ultrasonic knife to further enlarge the cavity. For beginners, the anatomical structure can be gradually separated to dissect the sacrum and the surrounding blood vessels and nerves, so as to avoid injuring blood vessels and nerves. After they get skilled, it is not necessary to expose too much tissue to locate the sacrospinous ligament. During the separation to enlarge the cavity, gauze can be used to stop the bleeding. The sacrospinous ligament can be located and the suture site of the sacrospinous ligament can be exposed through the landmark anatomical structures of the pelvic floor, such as sacrum, coccygeus, ischial spine, inferior gluteal blood vessel, and sciatic nerve. During the procedure, the ischial spine and sacrospinous ligament can be located by anal examination, and the suture site can be marked by bipolar after the position is determined. Two Ethibond Excel W6937 non-absorbable sutures can be used to suture the sacrospinous ligament with two stitches, with the depth being about 1/2 the thickness of the ligaments, and the distance between the two stitches being around 1 cm. After the needle is inserted, judge the tension by pulling the suture with the separation forceps without knotting. Then remove the port and tie the other end of the non-absorbable line with the suture at the top of the vaginal fornix of the hysterectomy patient, or tie it with the suture about 3 cm from the cervical orifice of the inferior wall of the cervix (that is, the uterine-sacral ligament close to the cervix) of the patient whose uterus was not removed after the repair of the anterior and posterior wall of the vagina. After tying the knot, lift the cervix with cervical forceps to detect whether it was fixed at the level of sacrospinous ligament. Suture the incision of the posterior wall of the vagina to end the operation. After vaginal disinfection, place a piece of iodophor gauze at the site and remove it the next day. (For detailed steps, see Figures 1A–1H.)


[image: Figure 1]
FIGURE 1
Surgical procedures. (A) Installing a specialized port for transvaginal single hole; (B) Separate tissue; (C) Expose the sacrospinous ligament at the sacrococcygeal attachment; (D) Expose the sciatic spine; (E) Expose the sacrospinous ligament and iliococcygeus; (F) Ethibond Excel W6937 non-absorbable suture to suture the sacral spine ligament; (G) Pull the suture to judge the tension; (H) Tie a knot with the suture.




Postoperative management and follow-up

All the 18 patients returned to the ward safely after operation and underwent ECG monitoring within 24 h, with close attention paid to the postoperative vital signs and continuous low-flow oxygen inhalation. They received vagina disinfection on a daily basis during the three days after operation. After operation, the patients were immobilized in bed for 4 to 6 h. (The purpose was to prevent them from falling due to the residual effect of anesthesia. When patients were awake enough to get out of bed and walk around, we encouraged them to get out of bed as soon as possible to avoid the formation of venous thrombosis of the lower extremities.) They were given antibiotics to prevent infection and, if necessary, analgesics and sedatives. The outpatients were followed up in the 3rd, 6th, and 12th months, and their POP-Q scores were measured and recorded. Among the 18 patients, one who underwent operation on May 12, 2020, reported dull pain in both lower limbs two months after surgery, and another patient who underwent operation on November 9, 2020, reported lumbosacral distension sensation on November 30. Both of them have recovered. During the postoperative follow-up in the 6th month, one patient reported slight distension of the anterior vaginal wall. Only the data of the 3rd and 6th month follow-ups were analyzed because some of the patients underwent operation less than 12 months ago. (Details are shown in Table 2.)


TABLE 2 Information related to patients’ surgery.

[image: Table 2]




Statistical analysis

The data of this study were statistically analyzed by SPSS21.0 statistical software. The measurement data were expressed by (mean ± standard deviation). The POP-Q scores of preoperative and postoperative follow-ups were tested by paired sample t-test, and the difference was considered to be statistically significant when P is <0.05.




Results

All the 18 patients completed the operation successfully and underwent transvaginal single-hole laparoscopic Sacrospinous Ligament Fixation. As per the individual conditions and wishes, anterior vaginal wall repair, posterior vaginal wall repair, transvaginal hysterectomy, or V-Notes adnexectomy was carried out. A total of 2 patients underwent Mann's operation at the same time, and 14 received vaginal hysterectomy at the same time. The adjacent pelvic organs were not injured during the operation, and the patients were able to urinate on their own after the catheter was removed after operation. The operation duration was (192.78 ± 38.81) min, and the amount of blood loss was (134.44 ± 111.21) ml. Except for the total vaginal length (TVL), the P values of numerical analysis for all points before, three months after, and six months after the operation were all <0.05, being statistically significant. (Details are shown in Tables 3 and 4.)


TABLE 3 POP-Q scores before and 3 months after operation.
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TABLE 4 POP-Q scores before and 6 months after operation.
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Discussion

POP has a variety of risk factors, such as age, hysterectomy, obesity (BMI > 30 kg/m2), smoking, long-term chronic Valsalva (cough, fatigue and weightlifting) stimulation, history of multiple births and vaginal delivery, and genetic defects in pelvic floor support (13, 15). The average age of 18 patients in this study was 62.61 ± 10.26 years, the average number of parturition was 2.00 ± 0.77, the average BMI was 23.49 ± 1.81 kg/m2, and no patient had BMI > 30 kg/m2. In POP, when the organ is still above the hymen, the most obvious symptom is the sensation of swelling and pressure in the vagina, followed by the influence of urination and defecation function. It has been reported that the incidence of POP with symptoms is between 3% and 12% (1). According to statistics, with the POP staging method, 40% of the patients were diagnosed Grade II or above, but only 10% - 20% of the patients went to the hospital (16). Since 1992, with DeLancey's three levels of vaginal support theory, namely the Level I apical vaginal support, Level II midvaginal support, and Level III distal vaginal support (17), gynaecologists have had more theoretical support for the treatment of POP. However, there is no uniform standard for the treatment, and nor is there any guide or expert consensus to clearly indicate which regimen is the gold standard for the treatment of POP. Pelvicfloormuscletraining (PFMT) is recommended for the prevention and treatment of POP (18), especially for patients with mild prolapse where PEMT can significantly improve the POP symptoms. Meanwhile, PEMT has been proposed to enhance the surgical effect of POP patients (19), but there is also literature concluding that PFMT cannot improve the results of surgical treatment (20–22). As a non-operative method for the treatment of symptomatic POP, Pessary is suitable for patients with surgical contraindications (23–26), but patients should find a suitable uterine support (27). Meanwhile, regular follow-ups should be conducted to monitor the contraindications of uterine support, such as vaginal atrophy, vaginal mucosal ulcer, erosion, and active vaginal vulvar infection. Mesh has also been one of the important methods for the treatment of pelvic organ prolapse, but now it is still a controversial topic whether to use mesh implantation to treat pelvic prolapse. Sacrocolpopexy (SC) is a surgical method for repairing horizontal defects at Level I. SC uses the anterior sacral ligament as the posterior anchor point to repair the vaginal axis. It is generally believed that suspending the vagina to the sacral promontory can avoid the formation of intestinal prolapse in the posterior pit. Abdominal sacrocolpopexy (ASC), Laparoscopic sacrocolpopexy (LSC) and Robotic-assisted Abdominal Sacrocolpopexy all have good therapeutic effects (28–36). Transvaginal single-hole laparoscopy can also be used in mesh-related surgery (37–39). But what cannot be ignored is the incidence of postoperative complications, especially the incidence of mesh erosion (40–42).

Repairing the three levels of support is the basic idea of more surgical treatment of POP. It has been reported that if only the anterior and posterior vaginal wall repair is completed, but the apical support is insufficient, there is still a possibility that POP repair fails (43, 44). Therefore, apical support repair is the most basic and important for the repair of pelvic organ prolapse. The use of patient's own tissue suspension can reduce the cost of surgery while reducing mesh complications (45–47). Here are four types of surgery to improve the apical support repair of patients' own tissue, which are widely used. (1) Modified McCall culdoplasty: Absorbable suture was used to suture one side of the hysterosacral ligament to the Douglas fossa and vaginal stump, and then suture the contralateral uterine sacral ligament. (2) Uterosacral ligament suspension (ULS): The rectovaginal fascia and pubic cervical fascia are suspended on the strong part of the uterosacral ligament. The part of the uterine-sacral ligament suspended from or above the ischial spine usually provides sufficient vaginal length and support. Shull suspension: Three stitches were sutured on each side of uterosacral ligament with 0 delayed absorbable suture, and the lowest suture was at the level of ischial spine. Three stitches were made upward at an interval of 1 cm, totaling fix sutures on both sides (48, 49). (3) Iliococcygeus fixation (ICF) is to fix the top of the vagina to the iliococcyx muscle and its fascia, usually suspended bilaterally. (4) Sacrospinous Ligament Fixation (SSLF): The sacrospinous ligament is used as the anchor point to suspend the vaginal fornix, and the right sacral ligament suspension is often performed, especially for patients with fornix prolapse. Through long-term follow-ups and comparison of the four surgical methods, some scholars believe that there is no significant difference in recurrence rate between Shull suspension and modified McCall culdoplasty (50, 51). There was no significant difference in success rate and recurrence rate between ICF and SSLF in a prospective non-randomized case-control study (52). An OPTIMAL randomized trial result showed that there was no significant difference in anatomical and functional results between USL and SSLF (21). According to a multicentre randomized trial, there was no significant statistical difference in SSLF versus vaginal hysterectomy with ULS within five years after operation among female patients with uterine prolapse Stage 2 or higher (53). Some similar studies suggested that the main determinant of recurrence rate was preoperative POP-Q stage, the recurrence rate increased with the increase of POP stage, and there was no significant difference in postoperative recurrence rate between USLS and SSLF (54).

There is currently no unified regulation on the surgical methods for the treatment of pelvic prolapse, and there are about 100 surgical methods for the treatment of pelvic prolapse and related diseases. At this stage, the surgical methods for pelvic prolapse are highly individualized (55). However, it should be noted that each technique has its shortcomings. A retrospective study with a nine-year follow-up period found that there was no significant difference between modified McCall culdoplasty and SSLF recurrence rate of 15% (11). However, there is a risk of ureteral obstruction or injury in the modified McCall culdoplasty operation, and it is recommended to check the ureter during the operation. A prospective non-randomized controlled trial compared the efficacy and safety of ICF and ASC in patients with vaginal fornix prolapse with similar objective and subjective success rates. In the ICF group, the operation time was shortened, but the average blood loss was higher (56). As early as 1997, some scholars thought that the possibility of recurrence after SSLF was as high as 29%, requiring secondary intervention (57). A Danish national cohort study of Ipsilateral uterosacral ligament suspension (IUSLS) and SSLF found that the probability of recurrence after SSLF was higher than that after IUSLS (58). It has been reported that the incidence of postoperative anterior vaginal wall prolapse is high (59). This OPTIMAL randomized trial also found 13.7% recurrence of anterior wall prolapse exceeding hymen in SSLF group (21). Some scholars have proposed that the patients with wide genital hiatus have a higher recurrence rate after SSLF (60). The author believes that the recurrence rate of genital hiatus, SSLF is closely related to the exposure of the operative field, the accuracy of the puncture position of the suspended suture, and the operative experience. Excluding the surgical experience, the success rate of SSLF can be improved by improving the exposure of the surgical field and the accuracy of the puncture site.

In addition to the minimally invasive laparoscopic technology, another advantage is that it can greatly improve the surgical field and use high-definition lens and light source, so that surgical technique has seen rapid advancement. With the introduction of the Natural Orifice Transluminal Endoscopic Surgery (NOTES), this technique has quickly fueled the clinical exploration of this kind of surgery, and has become a hot topic in the field of minimally invasive surgery (61, 62). Some scholars confirmed that there were no surgical complications in the perioperative period, the standard one-month follow-up period, or the subsequent follow-up period (up to 14 months), concluding that V-Notes would not increase the risk of surgical infection (63). Based on this, the author team combines V-NOTES and SSLF and their respective advantages. The use of tough and non-extensible Sacrospinous Ligament can avoid the prolongation of traction caused by daily life, reduce the recurrence rate, and have little effect on the vaginal axis (64).

No matter what kind of operation is chosen, it is closely related to clinical anatomy. The proposal of the accurate medical treatment concept also echoes with the minimally invasive clinical surgery. How to more accurately complete the suspension of the sacral spine ligament, determine the length of the suspension position from the ischial spine and other anatomical structures and the depth of the needle, and how to avoid damage to the surrounding nerve plexus, blood vessels, rectum and so on, all require anatomic concepts for support. Most of the disadvantages of traditional postoperative complications such as postoperative pain and recurrent prolapse of transvaginal sacral ligament are caused by the inaccurate puncture site during the operation, the injury of the peripheral nerve plexus, or a too shallow or too deep suspension puncture site. If peripheral blood vessels are injured during operation, it is estimated that up to 1.9% of patients need blood transfusion treatment (65). This is a material departure from the minimally invasive concept, so we can see the importance of anatomy to precision medicine. The pelvic surface of Sacrospinous Ligament fits the coccygeus, but the Sacrospinous Ligament is thinner and tougher. The main nerves around it are lumbosacral trunk nerve, Posterior femoral cutaneous nerve, pudendal nerve, and small branches, with blood vessels such as arteriae glutaea inferior and arteriae pudenda interna. How to avoid the damage to these tissues is one of the keys to a successful operation. The average length of Sacrospinous Ligament is about 5.1–5.2 cm, and the thickness is about 0.2 cm. Because the upper and lower edges of coccygeus are beyond the range of Sacrospinous Ligament, the two are closely linked. If Sacrospinous Ligament is forcibly stripped, it will cause serious damage to coccygeus. Maldonado et al. put forward the concept of coccygeus sarospinous ligament (CSSL) (66). Because Sacrospinous Ligament is closely connected with coccygeus and anadesma, Hayashi et al. think that Sacrospinous Ligament is formed by the growth and development of coccygeus (67), and some scholars think that the suspension tissue selected by SSLF is very likely to be coccygeus of CSSL (68). However, the author believes that if the suture is too shallow, only coccygeus and its anadesma will be suspended, because its texture and extensibility may lead to a suspension failure, so the needle depth, angle, needle distance, and puncture site need to be well selected. Most of the Pudendal canal composed of pudendal artery, Pussy vein, and pudendal nerve were located on the dorsal side of the Sacrospinous Ligament. Because the rectum is located on the left, the right Sacrospinous Ligament is generally selected for SSLF to avoid rectal injury. Chinese reports suggest that the anatomical distance between the right Pudendal canal and the ischial spine is mostly about 1.51 cm, and the anatomical distance between the ischial spine and the ischial spine is about 2.1–2.5 cm. The data outside China is higher, about 2.1–2.5 cm or even 2.75 cm (63, 69, 70). The difference in value may be related to the race of the population, measurement errors, and individual differences of cadavers. According to the current data, SSLF in China should be at least 1.51 cm away from sciatic spine to reduce the probability of damage to the pudendal tube. From the anatomical data, it can also be concluded that the probability of damage to Sacrospinous Ligament can be reduced by selecting the 1/2 depth of the shallow layer of the Sacrospinous Ligament 2.5 cm away from sciatic spine (71). S3, S4 and pudendal nerve are mostly on the upper edge of Sacrospinous Ligament (72). Therefore, choosing the place near the inferior edge as the puncture point can reduce the probability of injury to these nerves. The distance between nervi ischiadicus and Sacrospinous Ligament is about 2 cm, and the probability of nervi ischiadicus injury during operation is small. However, the sciatica of some patients reported in the literature may be caused by traction of Sacrospinous Ligament during suspension, most of which can be relieved by themselves. It has long been confirmed that musculi levator ani is controlled not only by internal anal sphincter nerves but also by pudendal nerve branches (73). Therefore, the clinical manifestation of puncture injury after internal anal sphincter nerves is not obvious. To sum up, the best puncture position on the right side of Sacrospinous Ligament selected by SSLF is at least 2.5 cm from the ischial spine, close to the inferior edge of 2.5 cm, and the depth is about 1 mm, where it can avoid damage to the surrounding blood vessels and nerves as much as possible while providing enough strength for suspension.

In this study, the data was derived from 18 patients, as shown in Tables 1, 2. The average operation duration was 192.78 ± 38.81 min, which was longer than the reported 92.3 ± 31.5 min of 453 patients with SSLF (74), longer than the 122.8 ± 36.1 min of 57 SSLF patients (75), and longer than the 86.04 ± 28.70 min of 50 patients with H-SSLF (76). This outcome may be related to the increased difficulty of transvaginal single-port laparoscopic surgery. The intraoperative blood loss of this study was 134.44 ± 111.21 ml, which was higher than the 92.3 ± 91.4 ml of 453 SSLF patients (74) and 86.80 ± 91.44 of 50 H-SSLF patients (76). This outcome may be related to factors such as increased surgical difficulty, small sample size, and initial surgery. The mean preoperative hemoglobin in this study was 129.06 ± 12.64 g/L, the mean postoperative hemoglobin was 111.61 ± 12.96 g/L, and the mean decrease in preoperative and postoperative hemoglobin was about 17 g/L, similar to the reported Preoperative Hb: 12.3 ± 1.06 (g/dl), Postoperative Hb:10.4 ± 1.07 g/dl decrease (75). The mean post-operative hospital stay in this study was 7.94 ± 2.41d. According to the data in Tables 3, 4, the treatment efficacy for the 18 patients lasted till three and six months after the operation, without obvious recurrence. One patient received the operation on May 12, 2020, and was reported dull pain in February. Another patient received the operation on November 9, 2020, and was reported lumbosacral swelling in 2020. Both patients have improved themselves, considering that the symptoms of the two patients may be caused by small nerve injury from suture suspension.

The advantages of this method are as follows: (1) Laparoscopic operation under direct vision can reduce unnecessary injury. If there is accidental injury during operation, the laparoscopic mode is easier to deal with the issue. (2) For some patients who are difficult to complete SSLF, especially those with deep position of sacral ligament making the site locating in the vaginal mode difficult to complete, this scheme can better expose and distinguish the pelvic tissues such as sacral spine ligament and ischial spine, and locate the suspension puncture site more accurately to complete the suspension of sacral spine ligament. (3) Through the laparoscopic mode, it is easier for doctors to recognize the sacral ligament and to teach and inherit SSLF. The disadvantage lies in that (1) Because of the single-hole laparoscopic model, the operation cost may be higher than that of SSLF. It is believed that with the development of single-hole laparoscopic model and the reduction of port and other consumables costs, the gap between the surgical costs will also be narrowed. (2) The operator needs to adapt to the operation mode of V-NOTES, after which SSLF may become easier to locate the sacrospinous ligament under the laparoscopic mode.

As mentioned above, this study preliminarily concluded that this operation has good short-term effect and few complications in the treatment of moderate and severe pelvic organ prolapse, but the sample size of this study is small, and the follow-up period is less than 5 years. Therefore, more cases and longer-term follow-up data are needed to determine the long-term effect of this procedure. For the selection of puncture sites, more anatomical data are needed to get more accurate results.
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Objective: To evaluate the clinical implementation of a preventive COVID-19 protocol regarding re-organization of appointments and documented infections among health workers in an obstetric outpatient service.

Methods: Descriptive analysis of the antenatal care at our obstetric outpatient service and infection rates among health care providers from March 19th to May 22nd, 2020. Appointments were divided into telephone calls or face-to-face examinations. A pre-consultation triage was implemented to identify suspected SARS-CoV2 infected women to reschedule them 14 days later or, if the consultation was non-delayable, to use complete Personal Protective Equipment (PPE). Firstly, the number of face-to-face appointments, telephone appointments, and COVID-19 diagnoses in pregnant women were analyzed. Secondly, the number of obstetricians and nurses diagnosed with SARS-CoV2 infection and their serologic status during universal screening in May 2020 were recorded.

Results: One thousand eight hundred forty-two obstetric appointments were scheduled during this period, including 432 (23.5%) telephone appointments (96.53% according to clinical protocol, 1.62% symptomatic patients advised to stay at home, and 1.85% COVID-19 confirmed cases), and 1,410 (76.5%) face-to-face appointments (9.7% did not attend due to fear of getting the infection, 3.1% were lost-to-follow-up, 0.5% were rescheduled due to COVID-19 symptoms and 86.7% who did attend). Of the 1,223 women attending their hospital appointment, 3.6% screened positive at the triage (72.7% rescheduled and 27.3% seen with PPE). 43 rRT-PCR-SARS-CoV2 tests were performed, and two tested positive. No COVID-19 symptoms were reported among health workers at the outpatient obstetric service, and only one nurse presented immunoglobulin (Ig)G anti-SARS-CoV2.

Conclusion: A prompt implementation of a preventive protocol in a hospital obstetric outpatient service, including triage, hygienic and preventive measurements, and rescheduling pregnancy appointments, reduces the percentage of health workers affected by SARS-CoV2.

KEYWORDS
  pregnancy, protocol, COVID-19 pandemic, obstetric care, SARS-CoV2, outpatient care


Introduction

On December 31st, 2019, the Authorities of the People's Republic of China reported several pneumonia cases of unknown etiology to the WHO in Wuhan, a city located in the Chinese province of Hubei (1). A week later, they confirmed that it was a new coronavirus named SARS-CoV2, and the disease it causes was named COVID-19 (1). The disease was transmitted similarly to influenza, SARS, or MERS virus, a person-to-person transmission through respiratory drops produced by coughing, sneezing, or speech in close contact. It was also reported that transmission could occur by touching a contaminated surface or any contaminated mucosa (2, 3). Although the contagion mainly occurred through symptomatic people, presymptomatic or very slightly symptomatic patients were also reported infectious (4, 5).

The first case in Spanish territory appeared on January 31st, but it was not until February 24th when the infection with transmission among the population was verified. The first case of local transmission was detected at Hospital Universitario de Torrejón in Madrid, a patient who had been admitted for pneumonia of unknown origin. From that moment, the city of Torrejón de Ardoz, where the hospital is located, became one of the hotspots for spreading infection in the Madrid area. For this reason and to assess the number of people that had been infected during the first peak of the pandemic, the city hall conducted a universal antibody screening undertaken by 75% of the city population (from 1 year old onwards) from May 29th to June 5th, 2020 (6). It was reported that 20.2% of the people presented anti-SARS-CoV2 immunoglobulin (Ig)G (20.3% in women), and 5.1% showed anti-SARS-CoV2 IgM. In contrast, in the subgroup of women of fertile age (15–44 years old), these percentages were 17.1 and 4.5%, respectively.

Since the onset of the disease, one of the major concerns has been the severe risk faced by health care providers, and many different strategies have been implemented to avoid their massive infection. Obstetric outpatient service were high-risk places for exposure since long periods of close contact with the patients are usually required to perform antenatal scans and examinations. Therefore, obstetricians and midwives constituted a particular risk group.

This study aimed to describe the clinical implementation of a preventive protocol in terms of first, re-organization of appointments and hospital visits, and second, the infection rate among health care workers in a hospital obstetric outpatient service during the first peak of the COVID-19 pandemic.



Materials and methods


Study design and population

This is a descriptive analysis of the antenatal care provided in the obstetric outpatient service at Hospital Universitario de Torrejón, from March 19th to May 22nd, 2020, during the peak of the first wave of the pandemic in Madrid, Spain. The number of face-to-face appointments, telephone appointments, and COVID-19 diagnoses in pregnant women during that period were analyzed.

Additionally, a universal screening by serological analysis of anti-SARS-CoV2 IgM and IgG was performed on all hospital health workers at the end of May 2020. The number of obstetricians and nurses attending pregnant women at the outpatient service who were diagnosed by rRT-PCR-SARS-CoV2 or presented IgG or IgM anti-SARS-CoV2 at the end of May was recorded.



Intervention

When the first patient was diagnosed with COVID-19 infection at the hospital on February 24th, 2020, obstetricians assisting pregnant women began to develop a preventive protocol to ensure safety among health care workers and patients. The first protocol version was implemented on March 7th, and the only change applied was related to contact measures. All personnel attending pregnant women in consultations were requested to wear a surgical mask during the entire examination and to take special care in hand hygiene before and after examining each pregnant woman. In addition, it was recommended that a pregnant woman with respiratory symptoms should wear a surgical mask. Since March 14th, the professionals' face mask was changed to an FFP2 (filtering face pieces type 2) if available, and a double pre-consultation triage was implemented. In addition, the government made strict confinement of the population mandatory, so an entire new prenatal care protocol was established to minimize hospital visits and ensure pregnancy care on March 19th. The description of the protocol was as follows:


Accompaniment

No companion was allowed in the examination room. The access to the hospital was only limited to the strict necessarily.



Triage from the admission department

All pregnant women who required an appointment at the unit received a telephone text message 2–4 days before the visit confirming whether the consultation was face-to-face or by telephone. They were also advised to contact the hospital if they had any symptoms related to the COVID-19 disease. Furthermore, all pregnant women scheduled for a face-to-face appointment were contacted 24 h before their visit to conduct a 7-questions interview concerning COVID-19 (Table 1). If any question was answered positively, the pregnant woman was asked to stay home and wait for the health professional to call her the next day.


TABLE 1 Triage questionnaire.
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Triage upon arrival at consultations

Before entering the outpatient service, a receptionist was performing the same questionnaire (Table 1) again. If all the items in the survey were negative, she was allowed to enter the examination room. The patient was provided with a surgical mask, hand washing facilities, and latex gloves, and she was instructed to keep the security distance (2 empty chairs) in the waiting area.

If any item was positive, she was considered a possible SARS-CoV2 case, and the obstetrician was informed. The procedure was then as follows:

- If the symptoms were severe (fever higher than 37.5 degrees, dyspnea, severe cough, general malaise), the obstetrician referred the patient to the emergency department for clinical assessment without further evaluation, and subsequent management was assessed later.

- If the symptoms were mild, the patient was either rescheduled or assessed with complete PPE if that was a non-delayable appointment (Table 2).


TABLE 2 Rescheduling algorithm for patients screening or testing positive for COVID-19.
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Follow-up of non-complicated pregnancies

Appointments at the hospital were limited to the strictly necessary. All the appointments were divided into face-to-face and telephone consultations. Those appointments where complementary tests were not required (ultrasound, physical examination, etc.) were carried out by telephone (Table 3). Complementary tests were always performed simultaneously (ultrasound scans, blood tests), and telephone calls were arranged for results if needed.


TABLE 3 Pregnancy monitoring scheme*.
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Ultrasound scans in suspected or confirmed COVID-19 cases

Whenever possible, the obstetric visit was delayed until 14 days after the end of the respiratory symptoms or, at least, the resolution of the active disease (Table 2). If the examination could not be delayed, it was carried out at the end of the session, limiting the number of health workers and the examination time and wearing full PPE (FFP2 or FFP3 masks if available, protected by surgical mask or screen, waterproof gown, double glove, and glasses). The subsequent disinfection of the scanning room was complete, including the ultrasound machine (Table 4).


TABLE 4 Preparation and cleaning of obstetrics room.
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Results

From March 19th to May 22nd, 2020, 1842 obstetric appointments were scheduled (Figure 1). One thousand four hundred ten (76.5%) were face-to-face appointments and 23.4% were telephone appointments (432 patients). Of the telephone appointments, 417 (96.5%) were telephone calls according to clinical protocol, 7 (1.6%) corresponded to patients that had been advised to stay home as they had a positive item at the first triage, and 8 (1.9%) corresponded to patients who communicated that they were COVID-19 confirmed cases at the first triage. Of the face-to-face scheduled appointments, 137 (9.7%) patients did not attend because they feared getting infected; they were contacted by phone, and a follow-up was arranged. Six (0.5%) women contacted the hospital to report COVID-19 symptoms, and they were rescheduled according to protocol. 44 (3.1%) did not attend and did not answer phone calls, so they were lost to follow up. 1223 (86.7%) attended face-to-face appointments and had a second triage. 44 (3.6%) screened positive, of whom 32 (72.7%) were rescheduled, and 12 (27.3%) were seen on the day.
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FIGURE 1
 Patients diagram flow.


In 43 (97.7%) of the screened positive pregnant women, an rRT-PCR-SARS-CoV2 test was performed, and 2 of them tested positive. Additionally, 67 screened negative patients at first and second triages, had a planned cesarean section or induction of labor within the study period, and were tested by rRT-PCR-SARS-CoV2 on the day of the appointment according to protocol; none of them tested positive.

In this period, no symptoms of COVID-19 were reported among health care professionals in the outpatient obstetric service, where 12 doctors, 7 nurses/auxiliary nurses, and 3 receptionists worked daily. Anti-SARS-CoV2 IgG and IgM antibodies were only detected in one nurse following universal health care workers' screening, performed at the end of the study period. However, the onset of her symptoms occurred before she started to work in our unit.



Discussion


Main findings

The main findings of this study were that, first, a preventive protocol can be quickly implemented following an emergent disease outbreak, but this protocol must be evolving to incorporate new scientific knowledge; second, the implementation of this new protocol in our obstetric outpatient service transformed about 23% of our face-to-face appointments into telephone calls; and third, as a result of the implemented preventive measures, only one health care worker was infected during the first peak of the pandemic.



Research in context

In Madrid region, official sources pointed out that 11,660 health care professionals, including 3,464 were doctors and 5,789 were nurses or auxiliary nurses, had tested positive by rRT-PCR-SARS-CoV2 (9.772 at hospitals and 1.678 at primary care), and 19 of them had died due to COVID-19 disease by June 15th, 2020 (7).

Two seroprevalence studies carried out at two major referral hospitals in Madrid reported that about 21% and 17% of their health care workers presented anti-SARS-CoV2 antibodies by May and June 2020, respectively (8, 9). The Spanish Ministry of Health sponsored a national seroprevalence study reporting an overall prevalence of antibodies in Spain of 4.6% and in Madrid region in particular of 11.5% in May 2020 (10), confirming that, similarly to other studies, the infection was more prevalent between health care professionals than in the general population (9, 11, 12). However, this was not translated into a higher proportion of infected professionals in our department; our only positive result corresponded to a nurse that was initially working in the emergency department, who presented with symptoms and, after recovery, was transferred to our unit.

Torrejón de Ardoz was a hotspot during the first pandemic's peak and one of the first places where people suffered from COVID-19 disease in Spain. The seroprevalence study carried out in the city showed that about 20% of the population presented anti-SARS-CoV-2 IgG, and about 23% presented any kind of antibody (IgM and IgG) by June 5th, 2020 (6). This study pointed out how severely affected this city was in comparison to the rest of Madrid region. If about 17% of the women of fertile age in the city were exposed to the virus during the study period, we could assume that about 300 (17% of the 1,842 appointments) of the scheduled women at our obstetric service were infected including about 200 (17% of 1,223) who had face-to-face appointments. However, we only identified 44 women as high risk of having COVID-19 in our triage system, and only two had a positive result from the rRT-PCR-SARS-CoV2 for the SARS-CoV2 test. A likely explanation for this lower rate is that first, asymptomatic patients were not tested, and second, most women with symptoms stayed at home. These results highlight the beneficial effect of the early implementation of our preventive protocol. Unfortunately, many other studies have reported delayed actions and much higher rates of infected professionals (4).



Strengths and limitations

One of the biggest concerns for implementing such a protocol was the decreased quality of care and the subsequent worsening in the perinatal outcomes. However, since that was not the aim of our study, we are not reporting on this. Another limitation relates to the lack of universal testing in pregnant women, which would have been crucial for assessing the usefulness of our protocol in terms of patient safety. However, antibody testing is not a definitive test to determine disease since false positives and negatives may occur.

However, our study presents some significant strengths. First, it is a complete cohort where all scheduled appointments were carefully reviewed, allowing accurate reporting on the protocol consequences in our obstetric service. Second, although not a diagnostic test, all health care professionals at our institution received universal screening for anti-SARS-CoV2 antibodies, which provides invaluable information regarding contagious rate.



Clinical implications

Since the early implementation of preventive measures was crucial to prevent the spread of the disease, our study has demonstrated the feasibility of rapidly rearranging all appointments within a unit by joining efforts from several professionals (doctors, nurses, and other health workers). Therefore, if a new infection outbreak happened in the future, we would be able to protect health workers and our pregnant population.
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Application of modified subtotal resection of adenomyosis combined with LNG-IUS and GnRH-a sequential therapy in severe adenomyosis: A case series
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Background and Objective: Adenomyosis focus resection has always been the main surgical method for patients with uterine preservation, but its curative effect and surgical method are still controversial. We improved this method on the basis of the “double-flap method” and combined it with the levonorgestrel intrauterine delivery system (LNG-IUS) and gonadotropin-releasing hormone agonist (GnRH-a) sequential treatment to determine the clinical effect and feasibility of this scheme in the treatment of severe adenomyosis.



Methods: This is a retrospective review. A total of 64 patients with severe adenomyosis were treated in the Department of Gynecology of Changzhou Second People's Hospital, which is affiliated to Nanjing Medical University, from December 2017 to September 2021. The transabdominal approach and laparoscopic approach were adopted for the purposes of treatment in this study. Hence, the patients were subdivided into the transabdominal approach subgroup and the laparoscopic approach subgroup. The hemoglobin, visual analog score (VAS) score, menstruation score, and other indices of each patient before and after treatment were observed, recorded, and analyzed.



Results: All 64 patients underwent the operation successfully. After the completion of sequential treatment, the CA125 decreased significantly 1 month after the operation, the average uterine volume significantly reduced, the hemoglobin value increased to a certain extent 3 months after the operation, and the menstrual score and dysmenorrhea during the first menstruation were significantly lower than they were before the operation. After the treatment, the therapeutic results of the transabdominal approach subgroup and endoscopic approach subgroup were compared on the basis of the observed indices, and no significant difference was observed (P > 0.05). Only one patient had a downward movement of the LNG-IUS, and the vaginal ultrasound showed that the upper end of the LNG-IUS was approximately 1.5 cm from the bottom of the uterine cavity. The average follow-up period was 24.02 ± 11.77 months, and no lesion progression was found in any patients.



Conclusion: For patients suffering from severe adenomyosis who have no pregnancy plans and require uterine preservation, transabdominal or laparoscopic subtotal resection of the focus of adenomyosis, combined with the LNG-IUS + GnRH-a sequential treatment, may be a safe and effective alternative when conservative treatments such as drugs fail.
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Introduction

Adenomyosis (AM) is a disease caused by the invasion of the endometrium into the myometrium. It is an estrogen-dependent disease (1). The clinical symptoms are progressive secondary dysmenorrhea, increased menstruation, and enlarged uterine volume, and some patients may also suffer from infertility (2). It is reported that the prevalence rate is 5%–70% (3). The radical treatment of AM is total hysterectomy, which will cause impacts on women's physical and mental conditions and life after hysterectomy to varying degrees, so it is crucial to preserve the uterus. The most commonly used operation to preserve the uterus is local focus resection. However, the high recurrence in the long term and the improvement in clinical symptoms after focal resection are worthy of attention (4–6).

Many drugs can be used to treat AM, but they cannot cure the disease, and it is easy for the disease to relapse and progress after drug withdrawal (1). Related clinical studies have confirmed that both the levonorgestrel intrauterine delivery system (LNG-IUS) and the gonadotropin-releasing hormone agonist (GnRH-a) have certain efficacy in the treatment of AM, but they both have their own adverse reactions (7–11). Because of the high recurrence and unsatisfactory clinical effect of a single treatment approach for AM, clinicians have begun to adopt combined interventions such as high-intensity focused ultrasound (HIFU) combined with the LNG-IUS (12), local focus resection with the LNG-IUS (13), and HIFU with GnRH-a (14). However, with the increase in follow-up time, the recurrence rate also increases (14, 15–17).

We found that the “double-flap method” was more effective in the operation of preserving the uterus (18–20), but this method is suitable for patients with pregnancy intention after an operation, so a part of the myometrium will still be preserved. For patients who still have a strong desire to retain the uterus after the failure of drug treatment, this study improves the surgical method to reduce the recurrence among patients after treatment. During the operation, the focus of adenomyosis is resected as much as possible, and a part of the uterine cavity is remodeled to consolidate the curative effect and reduce the recurrence by sequential treatment with the LNG-IUS and GnRH-a after the operation. The purpose of this study was to preliminarily determine the efficacy of postoperative combined drugs in the treatment of severe adenomyosis.



Data and methods


General data

A total of 64 patients with severe adenomyosis treated in the Department of Gynecology, the Affiliated Changzhou No. 2 People's Hospital of Nanjing Medical University, from December 2017 to September 2021 were selected. The patients suffered from severe adenomyosis as determined by auxiliary examination, and the postoperative pathological results supported the diagnosis of adenomyosis. According to the guidelines of the International Federation of Obstetrics and Gynecology, the extent of the lesion was determined. If the uterus volume affected by the lesion is <25%, it is called mild, 25%–50% is called moderate, and >50% is called severe (21).


	(1)Case inclusion criteria: (1) The patient had a strong desire to preserve the uterus. (2) The conservative treatment with drugs failed. (3) The patient had no pregnancy plan. (4) The patient voluntarily accepted this procedure and signed the informed consent form.

	(2)Case exclusion criteria: (1) The patient suffered from primary dysmenorrhea. (2) The patient had a malignant tumor of the reproductive system. (3) The patient was unwilling to accept GnRH-a treatment or was lost during follow-up.





Surgical steps

Transabdominal surgery group: Make a median longitudinal incision, pull the uterus out of the pelvic cavity, wrap it with a cotton pad soaked in normal saline, and determine the location of the lesion by touching the uterus. Inject diluted pituitrin into the normal myometrium near the focal tissue (with close attention paid to blood pressure fluctuations) (Figure 1A). If the uterine leiomyoma is to be removed at the same time (Figure 1B), make a longitudinal incision with an electrotome at the location of the focus of adenomyosis to reach the uterine cavity (Figure 1C). Resect the focal lesion from the seromuscular layer separately on the myometrium flaps (Figure 1D), and retain approximately 5 mm–10 mm of the flaps for suture (Figure 1E). The lesions around the uterine cavity should be removed as clean as possible to avoid postoperative recurrence (Figures 1F,G). Finally, the endometrium and the left and right muscle layers within 5 mm were preserved as the “uterine center” (Figure 1H). Use the LNG-IUS placed during the operation as the “ruler” to reshape the uterine cavity at a depth of approximately 7–8 cm (Figure 1I). Suture the uterine cavity (Figure 1J). Align both sides of the sarcoplasmic layers and remove the extra length of these layers (Figure 1K). Suture the seromuscular layers on both sides with the “Baseball Stitching Technique” to complete the uterine plastic surgery (Figures 1L–N).


[image: Figure 1]
FIGURE 1
Procedure diagram of a transabdominal operation. (A) Inject diluted pituitrin; (B) remove uterine fibroids; (C) make a longitudinal incision of adenomyosis lesions to reach the uterine cavity; (D) Resect the lesion as much as possible (preserving approximately 0.5–1 cm of the plasmomuscular layer flaps); (E) treat the contralateral lesions with the same method; (F) gradually subtract the lesion to the uterine cavity and excise a part of the uterine cavity to reduce the uterine volume; (G) treat the contralateral lesions with the same method; (H) remodel the myometrium; (I) place the LNG-IUS (Manchester ring) and reshape the depth of the uterine cavity again based on the LNG-IUS length; (J) Mattress-suture the uterine cavity continuously; (K) align the sarcoplasmic layers and reduce the extra length; (L,M) suture the bilateral seromuscular layers with the “baseball stitching technique”; (N) repair the sutured uterus; (O) uterine fibroids and adenomyosis specimens resected during the operation.


Laparoscopic surgery group: The procedure is basically the same as that of the transabdominal group. Before the operation, the location and scope of the focus were evaluated by gynecological examination, a transvaginal ultrasound, and MRI. During the operation, the focus can be resected by a rational use of energy instruments such as an ultrasonic scalpel. The specimen needs to be packed in a specimen bag and then slowly removed from the puncture hole around 1.5 cm in diameter. The “tumor-free principle” should be observed during specimen collection. Polyglactin 910: synthetic absorbable surgical suture (Model: 2-0) was used to close the uterine cavity. Polyglactin 910: synthetic absorbable surgical suture (Model: 1-0) was used to close the seromuscular layer.

After completion of either the transabdominal or laparoscopic surgery, wash the pelvic and abdominal cavity with warm saline to reduce the possibility of endometrial implantation, close the abdominal cavity layer by layer, and place drainage tubes in the pelvic cavity when necessary.



Postoperative management

No special postoperative treatment was required for the patients. After discharge, GnRH-a injection was given on the first day of menstruation. If the menstruation did not occur due to the placement of the LNG-IUS, the first injection can be administered according to the previous menstrual cycle. Administer three to six injections according to the patient's age, disease condition, and other factors, with an interval of 28 days and regular follow-up (a total of 27 patients received 6 injections of GnRH-a, and 37 patients received 3 injections of GnRH-a).



Observed indices

The indices before, during, and after the operation were recorded to evaluate the therapeutic effect. The indices to be observed include the following: (1) operation time and intraoperative blood loss; (2) hemoglobin value at preoperative and 3 months postoperative; (3) CA125 at preoperative and 1 month postoperative; (4) dysmenorrhea score at preoperative and the first menstrual period after GnRH-a injection; dysmenorrhea score calculated by using visual analog score (VAS) where the pain scale was subdivided into 10 grades; “no pain” was indicated on the left side of the scale, and “the maximum pain you could imagine” was designated on the right side of the scale; (5) menstrual volume score at the preoperative and the first menstrual period after GnRH-a injection, scored with the pictorial blood loss assessment chart (PBAC) (22); (6) uterine volume estimated by transvaginal ultrasound at preoperative and 3 months postoperative where the uterus size is estimated using the elliptical volume formula, which is 0.52 × length × thickness × width of the uterus measured with transvaginal ultrasound (23); (7) regular follow-up with transvaginal ultrasound to check for any progress of AM lesions and displacement of the LNG-IUS.



Statistical analysis

The data from this study were statistically analyzed using the SPSS26.0 statistical software. The results were expressed as the mean value ± standard deviation ([image: image2]), though the measured variable values were not normally distributed. Then, the t-test was performed on the observed indices of the 64 patients before and after the operation. If P < 0.05, it means the difference was statistically significant.




Results


Demographic details

A total of 64 patients received and completed this combined treatment, and the baseline characteristics of all these patients are given in Table 1. The average age of the 64 patients was 42.20 ± 5.39 years. The average duration of clinical symptoms such as dysmenorrhea and menorrhagia was 5.02 ± 4.72 years, and the average BMI was 24.02 ± 3.59 kg/m2. Among them, 36 patients had endometriosis and 18 patients had leiomyoma of the uterus, 9 patients had both, while 19 patients had only adenomyosis without uterine leiomyoma or endometriosis.


TABLE 1 Basic information on 64 patients.

[image: Table 1]



Pre- and post-treatment outcomes

(1) The hemoglobin value remeasured 3 months after the operation increased to a certain extent compared with that before the operation, and the difference was statistically significant (P = 0.000) (see Table 2). (2) A total of 50 patients out of the 64 patients before the operation tested positive for CA125. The remeasured CA125 1 month after the operation was lower than that before the operation, and the difference was statistically significant (P = 0.000) (see Table 2). (3) The degree of dysmenorrhea after the completion of GnRH-a sequential treatment was lower than that before the operation, and the difference was statistically significant (P = 0.000) (see Table 2). (4) The menstrual volume score after completion of GnRH-a sequential treatment was lower than that before the operation, and the difference was statistically significant (P = 0.000) (see Table 2). (5) The estimated average uterine volume re-examined 3 months after completion of the sequential treatment was smaller than that before the operation, and the difference was statistically significant (P = 0.000) (see Table 2). (6) During the postoperative follow-up, only one patient developed an intrauterine device migration, and the vaginal ultrasound showed that the upper end of the birth control ring was approximately 1.5 cm away from the bottom of the uterine cavity. The average follow-up lasted 24.02 ± 11.77 months, and no disease progression was observed.


TABLE 2 Changes in observed indices pre-treatment and post-treatment of 64 patients ([image: image2]).

[image: Table 2]



Operation time and blood loss

None of the 64 patients had any complications during or after the operation. There was no significant difference in the operation time between the two subgroups (P > 0.05). There was a statistically significant difference in intraoperative blood loss between the two subgroups (P = 0.000) (see Table 3).


TABLE 3 Operation time and intraoperative blood loss of subgroups ([image: image2]).

[image: Table 3]



Pre- and post-treatment outcomes of the two subgroups

After the treatment was completed, the abdominal approach treatment of this scheme was completed, and various observation indices improved after treatment (P = 0.000). The laparoscopic approach treatment of this scheme was completed, and the observation indices also improved after treatment (P = 0.000). The differences in the observed indices between the two subgroups were not statistically significant (P > 0.05) (see Table 4).


TABLE 4 Changes in observed indices pre-treatment and post-treatment of a transabdominal surgery group and a laparoscopic surgery group ([image: image2]).

[image: Table 4]




Discussion

According to the data in Table 1, the average age of our 64 patients is 42.20 ± 5.39 years. This is similar to the fact that most of the reported patients are over 40 years old, and the age of onset is getting younger (24–26). The average BMI value is 24.02 ± 3.59 kg/m2, which is a bit high, and it has been reported that an increase in BMI values increases the risk of uterine leiomyoma (27, 28), but whether AM is associated with patient weight gain may be an issue worth exploring. The data indicate that two patients did not have children, one of whom had two miscarriages, and the other had no history of abortion. A total of 62 (97%) patients had a history of childbearing, and 50 (78%) had a history of miscarriage, which was also related to the fact that fertility and abortion may be the causes of AM (29). In order to reduce AM incidence, we should adopt good contraceptive measures to reduce unnecessary abortions. The data indicated that a total of 18 (28%) patients were complicated with leiomyoma, which was similar to the reported 15%–57% (30), and 36 (56%) patients were complicated with endometriosis. Some studies have suggested that the incidence of adenomyosis with deep infiltrating endometriosis (DIE) is within 6.8%–25.4% (31). The reason for this may be related to our careful exploration of pelvic endometriosis, especially the occurrence of DIE.

Hysterectomy is still the main radical method for patients with severe adenomyosis. However, the uterus is a unique organ for women, especially in China where hysterectomy is not accepted by most patients, and this mindset is also observed in Japan (32). With the progress and improvement of conservative surgical methods in recent years, the double-flap method and the triple-flap method can not only preserve the uterus but also improve the short-term effects of dysmenorrhea, excessive menstruation, and infertility (19, 20). However, the boundary between the focus of AM and normal myometrium is not clear, and the focus cannot be completely removed during the operation (33). The residual small lesions may grow slowly and recur (34, 35). A 2-year follow-up study showed that the recurrence rate of patients with adenomyosis treated with GnRH-a was 28.1%, which was lower than the 49% for treatment with surgery alone (36). The LNG-IUS can release progesterone directly into the uterine cavity. In recent years, many studies have confirmed that the LNG-IUS can relieve symptoms such as dysmenorrhea and menorrhagia in patients with AM and reduce the level of CA125 to a certain extent (9, 23, 37). However, some studies have found that the slippage rate among AM patients with a larger uterus is as high as 37.5% after the implantation of the LNG-IUS (38). It can be seen that the therapeutic effect of the LNG-IUS on AM patients with a larger uterine volume is not as good as that of AM patients with a smaller uterine volume.

We improved the method of operation by cutting the uterus vertically to the uterine cavity, eradicating AM lesions as much as possible, and reducing the uterine cavity according to the depth of the LNG-IUS. The process of removing the focus is to change the adenomyosis from a larger volume to a smaller one. The postoperative combination with the GnRH-a therapy can reduce the recurrence rate of AM to a certain extent (36). The LNG-IUS has a better therapeutic effect on AM patients with a smaller uterine volume (9, 23, 37). The therapeutic effect of this regimen may be similar to that of the LNG-IUS in the treatment of small-volume adenomyosis. During the postoperative follow-up, only one patient had a downward displacement of the LNG-IUS, as observed with transvaginal ultrasound (transvaginal ultrasound showed that the upper end of the LNG-IUS was approximately 1.5 cm from the bottom of the uterine cavity). The LNG-IUS of the other patients was normal. During the follow-up, it is suggested that the incidence of LNG-IUS displacement is temporarily much lower than that suggested in other reports (39–42). We are of the opinion that the decrease in the LNG-IUS displacement may be related to the following: intraoperative remodeling of the uterine cavity to better align the LNG-IUS with the shape of the uterine cavity; and the postoperative injection of GnRH-a, which can reduce the uterine volume and uterine cavity again, reducing the probability of spondylolisthesis. However, it is necessary to increase the sample size and evaluate the change in the LNG-IUS slippage rate with time after the placement of the LNG-IUS. The effective time of the LNG-IUS is 5 years. If the patient is still menopausal after 5 years, a new LNG-IUS can be replaced until menopause to maintain the therapeutic effect.

It is difficult to remove the focus of adenomyosis completely because there is no obvious boundary between adenomyosis and normal myometrium. If there are residual small lesions during the operation, they may recur as time passes. A retrospective study showed that with the increase in follow-up time after surgery, the recurrence rate of patients with adenomyosis increases from the lowest (no recurrence) to the highest (close to 50%) (17). Some studies have also confirmed that GnRH-a or LNG-IUS treatment can reduce the recurrence rate (9, 23, 36, 37). Therefore, we designed this scheme, and it can be seen from Table 2 that the patients who completed sequential treatment after a modified subtotal resection of adenomyosis showed a significant improvement in postoperative hemoglobin, CA125, dysmenorrhea, menstrual volume, and uterine volume. The average uterine volume estimated by transvaginal ultrasound significantly reduced after treatment in both the transabdominal group and the laparoscopic group. The reduction of the volume of the uterus is the inevitable result of surgical resection of the focus of adenomyosis, but the author opines that it is very important to monitor the changes in the uterus volume after the operation. During the follow-up period, if the uterus volume increases with time, we need to be on guard against recurrence. Table 3 shows that the amount of intraoperative bleeding in the laparoscopic subgroup is lower than that in the transabdominal subgroup, which has something to do with the finer laparoscopic operation. However, there was no significant difference in operation time between the two subgroups. Table 4 shows that there is no significant difference in the therapeutic effect between the transabdominal approach subgroup and the endoscopic approach subgroup, considering that the improvement of the endoscopic technique of the operator may achieve a result similar to that of the transabdominal approach. Longer follow-up observation is still needed.

After the improvement of this operation and the sequential treatment with the combination of two drugs, the following advantages are observed: (1) The uterus of the patient can be preserved, the effect of cutting off the ascending branch of the uterine artery on the ovary can be avoided, the length of the vagina is not reduced, and the quality of female sex life can be preserved; (2) it retains the original normal structure around the cervix, reduces the probability of injuring the ureter, bladder, and other adjacent organs during the operation, and avoids the change of micturition and defecation habits caused by the change in the pelvic structure; (3) during the operation, the uterine cavity is repaired according to the length of the LNG-IUS, which is the difference between this operation and other uterine preservation operations. Remodeling the uterine cavity can directly and effectively reduce the amount of menstruation. Placing the LNG-IUS during the operation can also help with the treatment of AM to consolidate the surgical effect and reduce recurrence. A more appropriate size of the uterine cavity can reduce slippage of the LNG-IUS to a certain extent; (4) postoperative injection of GnRH-a can further atrophy the residual lesions, reduce the probability of abnormal uterine bleeding after the placement of the LNG-IUS, and also reduce slippage of the LNG-IUS by reducing the amount of menstruation (43).

After the improvement of this procedure, the following shortcomings are observed. (1) Endometriosis is possible during the operation, so we emphasize that the uterine cavity should be closed as soon as possible to reduce the exposure time and chance. Meanwhile, after uterine remodeling, the pelvic cavity and abdominal cavity should be fully washed to reduce the possibility of residual blood and residual endometrial cells. (2) Many tissues will be resected during the surgery, making it easy to leave dead spaces when the seromuscular layer is sutured with the myometrium retained around the uterine cavity, leading to possible hematoma and infection by errhysis. Continuous mattress suture of the uterine cavity was adopted during the operation and the bilateral seromuscular layers were sutured with the “baseball stitching technique.” This suture method can reduce needle bleeding while making the suture closer, so as to effectively avoid residual dead spaces.

In view of the fact that this study is a retrospective analysis, the number of cases is relatively small, and there may be bias in case selection, with a shorter follow-up period as well. We feel that more prospective studies with big sample sizes are also needed to evaluate and compare the efficacy and safety of this study with other treatment measures.



Conclusion

For patients suffering from severe adenomyosis who have no pregnancy plans and require uterine preservation, transabdominal or laparoscopic subtotal resection of the focus of adenomyosis, combined with the LNG-IUS + GnRH-a sequential treatment, may be a safe and effective alternative when conservative treatments such as drugs fail.
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Objective: To explore the influencing factors of decision-making in patients with adenomyosis, who are receiving high-intensity focused ultrasound (HIFU) treatment.



Methods: A total of 776 patients with adenomyosis were enrolled into HIFU group (241 cases) and hysterectomy group (535 cases) according to the treatment methods. The general data, clinical symptoms, marital and childbearing history, and economic status were compared between the two groups, and factors with P < 0.05 were introduced into multivariate logistic regression analysis to determine the determinants of patients choosing HIFU.



Results: The average age of the patients in the HIFU group was 39.1 ± 5.2 years, which was lower than that in the hysterectomy group, which was 45.1 ± 3.9 years (P < 0.05). The basic medical insurance for urban workers in the HIFU group was more than the hysterectomy group (P < 0.05). 95.9% of the hysterectomy group had no desire to have children, compared to 60.6% of the HIFU group, the difference was significant (P < 0.05). The treatment costs of HIFU group were significantly lower than that of hysterectomy group (P < 0.05). The main symptoms of the two groups were dysmenorrhea, menorrhagia, and secondary anemia. The results of multivariate logistic regression analysis showed that 31–40 years old, fertility desire, dysmenorrhea, menorrhagia, anemia and dizziness and fatigue were the influencing factors for the decision-making of HIFU for patients with adenomyosis.



Conclusion: 31–40 years old, fertility desire, dysmenorrhea, menorrhagia, anemia and dizziness and fatigue were the influencing factors for patients to choose HIFU treatment. HIFU therapy has emerged as a new option for patients with adenomyosis as an alternative to hysterectomy.
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Introduction

Adenomyosis (AM) is a common benign gynecological disease, defined as the presence of endometrial glands and stroma deep within the myometrium, causing myometrial hypertrophy and hyperplasia (1, 2). The true prevalence of adenomyosis is difficult to determine; for decades, the diagnosis of adenomyosis has been made mainly by pathology after hysterectomy, with a prevalence of about 5% to 70% (3). Over the past decade, adenomyosis can also be diagnosed without surgical intervention. Advances in imaging technology have created the possibility of non-invasive diagnosis of adenomyosis, such as magnetic resonance imaging (MRI) and transvaginal ultrasonography (TVUS). This allows the diagnosis to be made in young women, with or without clinical symptoms (4–7). Clinically, adenomyosis can result in abnormal bleeding, pelvic pain, and infertility, although approximately 30% of patients are asymptomatic (8–10). There are two types of adenomyosis: diffuse and focal (when a definite nodule is found, it can be called an adenomyoma). In addition, adenomyosis is often combined with other gynecological diseases, such as endometriosis (11, 12) and leiomyoma (13).

Adenomyosis treatment includes drug therapy, conservative surgery, interventional therapy, and hysterectomy. Hysterectomy is currently considered to be the last resort for adenomyosis (14), but it is a difficult choice for patients who want to preserve their uterus or maintain fertility. Unfortunately, approximately 50% of patients will experience relapse after conservative surgery (15). Drug therapy can effectively relieve clinical symptoms such as dysmenorrhea and menorrhagia (16).

High-intensity focused ultrasound (HIFU) is a new technology developed in recent years for non-invasive local hyperthermia treatment of tumors. It is widely used in gynecological diseases and has a good curative effect on uterine fibroids and adenomyosis (17, 18). The therapeutic mechanism of HIFU therapy is to focus the ultrasound beam generated by an external transducer on the target lesion in the body. The mechanical effect of ultrasound is transformed into thermal effect and cavitation effect. The purpose of HIFU in the treatment of adenomyosis is to selectively ablate adenomyosis lesions to relieve the symptoms. It relies on highly focused ultrasound energy to precisely destroy uterine adenomyosis in a non-invasive, bloodless manner (19). Patients treated with HIFU had significantly fewer symptoms of adenomyosis and recovered at a relatively high pregnancy rate after the treatment (20, 21). However, due to the unclear boundary of adenomyosis, some patients' symptom relief only lasts for a certain period, Liu et al. showed that 26% of patients relapsed after HIFU treatment, and the median time to relapse was 12 months (22). It should be noted that HIFU treatment is mainly suitable for symptomatic patients with lesions larger than 3 cm (23, 24).

Currently, there is no guideline for the management of adenomyosis, especially the uterine-sparing treatment of these adenomyosis presents formidable challenges to the gynecologist. Therefore, this study aimed to explore the factors influencing a patient's decision to undergo HIFU by extracting raw medical records, which can provide a basis for exploring optimized treatment strategies and clinical management options for patients with adenomyosis.



Materials and methods


Study design

This cross-sectional retrospective study was conducted at the First Hospital of Chongqing Medical University. We reviewed all patients with adenomyosis (ICD-10: n80.001) who were admitted to hospital and received treatment from January 2013 to December 2020. Inclusion criteria were as follows: (1) premenopausal women; (2) typical symptoms: dysmenorrhea, menorrhagia; (3) diagnosis of adenomyosis by clinical evaluation, vaginal ultrasound and/or MRI (Figure 1).


[image: Figure 1]
FIGURE 1
Mr images obtained from a patient with adenomyosis. (A) T2WI shows a well-defined adenomyosis lesion, which is a poorly defined low-signal lesion with scattered punctate and patchy high-signal foci located in the posterior uterine wall (arrow); (B) Contrast-enhanced MRI showed perfusion of the adenomyotic lesion (arrow); (C) Post-treatment T1-weighted contrast-enhanced image shows that the non-perfused volume ratio was 83.5% (arrow).


The exclusion criteria were: (1) no intervention on the day of admission and discharge; (2) incomplete electronic medical record description information; (3) postmenopausal women with abnormal uterine bleeding or/and lower abdominal pain; (4) patients who received treatments other than hysterectomy and HIFU; (5) patients with suspected or confirmed uterine malignancy; (6) patients with acute pelvic inflammatory disease.

After deliberation by the ethics committee of Chongqing Medical University (Ethics Approval Number, 2021–006), it is unnecessary to sign the informed consent form. However, it shall be implemented in strict accordance with the general provisions of the Declaration of Helsinki. Besides, all patient information is strictly confidential.



Data extraction

The age of each patient was calculated from the date of birth recorded in the case record to the date of hospitalization. At the same time, the clinical data of all patients were collected through a medical history system. These data included the patients' age, reproductive desire, work status, symptoms, marital status, abortion, deliver, cesarean section, medical insurance, and medical expenses.



Statistical analysis

SPSS 22.0 statistical software (IBM SPSS, USA) was used for the data analysis. Quantitative data are presented as mean ± SD, while count data are presented as [n (%)]. The χ2 test was used to compare differences between groups and P < 0.05 was considered statistically significant. In addition, multivariate logistic regression analysis was used to determine the influencing factors of patients' choice of HIFU.




Results

There was a total of 973 patients diagnosed with adenomyosis on admission, excluding 127 patients who received drug treatment, 42 patients who received lesion resection, and 29 patients with abnormal uterine bleeding or lower abdominal pain in postmenopausal women. The remaining 776 patients, including 535 (57.5%) patients who underwent hysterectomy and 241 (42.5%) who underwent HIFU treatment, were included in this study.


Adenomyosis-related symptoms

Among the 776 patients, 626 (80.7%) complained of dysmenorrhea, 497 (64%) menorrhagia, 427 (55%) secondary anemia and 230 (29.6%) lower abdominal pain (Figure 2).


[image: Figure 2]
FIGURE 2
Symptoms of patients with adenomyosis (%).




General conditions of patients and treatment decisions

The patients were enrolled into two groups according to the treatment method. The mean age of patients in the hysterectomy group was 45.1 ± 3.9 years (range = 31–52 years), and the HIFU group was 39.1 ± 5.2 years (range = 25–52 years), the difference was significant (t = 17.704 P < 0.001).60.6% of the HIFU group were younger than 40 years old, and only 11.6% were in the hysterectomy group. There was a statistically significant difference in age distribution between the two groups (χ2 = 211.722, P < 0.001). Meanwhile, the HIFU group had a desire to have children in 60.6%, which was significantly higher than the hysterectomy group (4.1%) (χ2 = 312.346, P < 0.001).In addition, patients with jobs in the HIFU group accounted for 74.4%, which was significantly higher than that in the hysterectomy group (50.3%); while 23.7% of the patients in the HIFU group had temporary job, which was significantly lower than that in the hysterectomy group (41.1%) (χ2 = 42.656, P < 0.001) (Table 1).


TABLE 1 Comparison of basic conditions of patients with adenomyosis [n(%)].
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Adenomyosis-related symptoms and treatment decisions

The main clinical manifestations of hospitalized patients were dysmenorrhea, menorrhagia, secondary anemia, and lower abdominal pain. Compared with the two treatment decisions, dysmenorrhea accounted for 90.1% in the HIFU group, which was significantly higher than that in the hysterectomy group (75.9%) (χ2 = 21.470, P < 0.001); Menorrhagia in the HIFU group were 52.1%, which was significantly lower than that in the hysterectomy group (69.3%) (χ2 = 21.009, P < 0.001);The secondary anemia covered 38.8% in the HIFU group, which was significantly lower than that in the hysterectomy group (61.9%) (χ2 = 38.161, P < 0.001).At the same time, other symptoms included dizziness and fatigue, urinary frequency and urgency, nausea, vomiting, diarrhea and dyspareunia, and the difference between the two groups was statistically significant (all P < 0.05) (Table 2).


TABLE 2 Comparison of related symptoms in patients with adenomyosis [n(%)].
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Marital and reproductive Status and treatment decisions

The patients who have childbirth history of the HIFU group was 79.3%, which was lower than that of the hysterectomy group (92.3%), and the difference was statistically significant (χ2 = 27.475, P < 0.001). There was no significant difference in marital status, history of abortion, and childbirth between the two groups (P > 0.05) (Table 3).


TABLE 3 Comparison of marital and reproductive status of patients with adenomyosis. [n(%)].
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Economic situation and treatment decisions

The basic medical insurance for urban workers in the HIFU group (71.4%) was higher than that in the hysterectomy group (53.6%), while the basic medical insurance for urban residents in the HIFU group (24.5%) was lower than that in the hysterectomy group (40.7%). (χ2 = 25.793, P < 0.001). The proportion of HIFU treatment costs less than ¥25,000 was 62.2%, while that in the hysterectomy group was 19.4%. There was a statistically significant difference in the distribution of treatment costs between the two groups, and the hysterectomy group was higher (χ2 = 230.024, P < 0.001) (Table 4).


TABLE 4 Comparison of economic situation of patients with adenomyosis [n(%)].
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Factors influencing HIFU treatment decision-making

Univariate analysis was performed on the influence of patients' general information, clinical symptoms, marriage and childbearing history, economic status, etc. on treatment decisions, and statistically significant indicators were included in multivariate analysis, including age, medical insurance category, work status, reproductive requirements, and birth history., dysmenorrhea, menorrhagia, anemia, nausea, vomiting, diarrhea, dizziness and fatigue, P < 0.05 was used to screen the patients with adenomyosis Influencing factors for choosing HIFU.

The results showed that between 31 and 40 years old (OR = 0.188, P = 0.039), fertility requirements (OR = 0.051, P < 0.001), dysmenorrhea (OR = 0.525, P = 0.035), menorrhagia (OR = 1.605, P = 0.048), secondary anemia (OR = 1.799, P = 0.013), and dizziness and fatigue (OR = 2.453, P = 0.023) were the influencing factors for HIFU decision-making in patients with adenomyosis (Table 5).


TABLE 5 Factors influencing decision-making for HIFU treatment [n(%)].
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Discussion

Adenomyosis is a common chronic gynecological disease. Treating adenomyosis remains a global challenge, and most women want to protect their uterus while effectively relieving symptoms and improving their quality of life. The problem that this study attempts to solve is to find out the characteristics of the population who choose HIFU treatment and hysterectomy treatment, and the factors influencing the decision-making of patients choosing HIFU treatment. The results show that patients under the age of 40, who have jobs, have basic medical insurance for urban workers, and have fertility requirements are more inclined to choose HIFU; However, patients who are older than 40 years old, have no fixed jobs, have basic medical insurance for urban residents, and have no desire to have children tend to choose hysterectomy. In addition, the HIFU group had fewer treatment costs compared to hysterectomy.

In clinical practice, we found that many factors may affect patients' choice for HIFU treatment. In this study, patients treated with HIFU were significantly younger than the hysterectomy group (P < 0.001), with a range of age 31–40 years (55.6%), meanwhile there was also a statistical difference in fertility requirements between patients treated with HIFU and the hysterectomy group (P < 0.001), with 60.6% of patients treated with HIFU having fertility requirements. More and more young women were diagnosed, mainly because the diagnosis now was based on imaging diagnoses such as TVUS and MRI (9, 20). At the same time, with the change in women's concept of fertility, more and more women choose to give birth after the age of 30 and retain the uterus, and symptom relief are their primary concerns when seeking treatment options. Therefore, as a non-invasive treatment, HIFU has become the preferred treatment method for women of childbearing age between 31 and 40 years old. There are multiple clinical case reports of improved fertility after HIFU treatment (25, 26). The benefit of HIFU treatment for patients with adenomyosis deserves further study.

Severe dysmenorrhea and menorrhagia are considered as the most important symptoms affecting patients' quality of life. The main purpose of adenomyosis treatment is to relieve symptoms and improve the quality of life of patients. HIFU has been used to treat adenomyosis for many years. Recently, more and more gynecologists in China consider HIFU as a routine treatment for patients with adenomyosis. The results of 3–12 months' follow-up of patients with adenomyosis treated with HIFU showed that the clinical effective rate of improving dysmenorrhea or menorrhea was about 80% (18, 27). And combined treatment regimen with GnRHa and LNG-IUS after HIFU can significantly improve long-term outcomes (28). Although hysterectomy can also solve the patient's symptom problems, it brings many serious side effects, such as loss of reproductive function, impaired pelvic anatomical integrity, impaired neural network systems, and the gonadal endocrine axis (29, 30). Therefore, hysterectomy is mainly suitable for older patients, who have no fertility requirements, severe symptoms, and poor drug treatment effects or drug contraindications. HIFU may be a better choice for patients who have fertility requirements and want to relieve symptoms. However, HIFU technology as a way to treat adenomyosis, its comprehensive management plan which needs further study, to improve its long-term efficacy and reduce recurrence.

Another important finding of this study was that work status and medical insurance category were significantly associated with the choice of HIFU treatment in patients. 74.7% of the patients who received HIFU treatment were working and had a high level of basic medical insurance for urban workers. The main reason may be that the Patients with jobs have less time controllability than who with temporary job. Considering the postoperative recovery time, HIFU has more advantages than hysterectomy. Another aspect is that the proportion of anyone at work who have received higher education is relatively high, they have a deeper understanding of health awareness and medical knowledge and are more inclined to new technologies with fewer side effects (23). In addition, adenomyosis is still at risk of recurrence after HIFU treatment and the possibility of getting secondary interventions is high. Therefore, financial freedom and independent decision-making ability have become important factors affecting treatment decisions. Patients with jobs are more inclined to choose less traumatic and repeatable treatments.

The main concern of patients when they visit the clinic, besides the cure rate of the disease, is the actual cost of medical care. This study found that the medical cost of HIFU treatment was significantly lower than that of hysterectomy (P < 0.001), and 62.2% of patients spent less than 25,000 CNY. Therefore, HIFU is inexpensive than hysterectomy. Evaluating the cost of care not only helps healthcare providers and healthcare systems utilize limited healthcare resources, it also provides a way to maximize benefits to patients and healthcare systems.

This study is a retrospective study, there is no unified path design for patient selection, and it is difficult to avoid the influence of physicians' own technical knowledge on patients' treatment choices. Due to the possibility of skin and subcutaneous tissue burns during HIFU treatment, the limitation of large abdominal scarring in the path of the ultrasound beam remains (31). Although research has shown that scar patches are safe and effective in relieving abdominal scarring in patients with uterine and adenomyosis treated with MRgHIFU (32). But this study did not consider the effect of this factor on treatment decisions in patients with adenomyosis, which is one of the study's limitations.



Conclusion

The results of this study show that HIFU is safe and effective in the treatment of adenomyosis, and the cost is lower than that of hysterectomy. Age 31–40, fertility desire, dysmenorrhea, menorrhagia, anemia, and dizziness and fatigue were the factors influencing patients' treatment decision to choose HIFU. In conclusion, HIFU treatment can keep the uterus while relieving symptoms. It has become one of the new choices for patients with adenomyosis, and younger (31–40 years old) working patients who are willing to choose HIFU treatment. Meanwhile, prospective studies on patient self-report scales are needed in the future to optimize patient treatment decisions.
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Purpose: As depression in patients with pelvic inflammatory diseases (PID) has received increasing attention in recent years, this study aims to investigate the relationship between depression severity and risk factors for pelvic inflammatory disease, and to provide new perspectives in the treatment of PID.

Patients and methods: Multivariate regression was used to evaluate the association between pelvic inflammatory disease and the severity of depression. Females who participated in the United States National Health and Nutrition Examination Survey (NHANES) from 2013 to 2018 were included. In addition, risk factors for PID and depression were also included in the analysis as adjustment factors.

Results: The risk of developing PID was associated with depressive status (odds ratio, OR 1.10, 95% confidence interval, CI 1.08–1.12), especially in people with severe depression (odds ratio, OR 6.34, 95% confidence interval, CI 3.72–10.79). Subgroup analysis showed differences in the risk of PID among people with different characteristics.

Conclusion: This study showed that there may be a potential positive association between depressive status and the prevalence of PID in the United States adult female population. Depression should be actively looked for in all patients with PID and treated appropriately

KEYWORDS
pelvic inflammatory diseases, NHANES, depression severity, cross-sectional study, inflammatory state


Introduction

Pelvic inflammatory disease is a common clinical syndrome of female reproductive tract, which is usually caused by untreated pathogenic microorganism infection, which may lead to important reproductive sequelae, including tubal infertility, chronic pelvic pain, ectopic pregnancy and so on (1). The etiology of pelvic inflammatory diseases (PID)is complicated (2, 3). Anaerobes, viruses, and mycoplasma are also involved in sexually transmitted infections (4). The prevalence of sexually transmitted infection-related diseases in high-income countries is estimated at 40% due to PID (5). Clinical signs and symptoms do not clearly indicate PID, and some women of childbearing age show no signs of infected reproductive organs, which severely affects their physical and mental health (1).

Research indicates that inflammation plays a role in the pathophysiology of depression. Inflammation, or inflammatory reaction, is caused by the activation of the immune system, usually characterized by local reactions caused by stimulation, injury, or infection, accompanied by symptoms such as redness, swelling, heat, and pain (6). Redness, swelling, heat, and pain were commonly associated with local reactions caused by stimulation, injury, or infection (7). In patients with severe depression, the abnormal expression of glucocorticoid receptors is related to inflammation (8). Furthermore, patients with depression are at risk for congenital and adaptive immune system disorders, etc. Inflammation is conducive to a decreased antidepressant response to depression (9). Most PID can be treated with antibiotics. Nonetheless, the therapeutic effect is not optimal because of drug resistance and side effects (10). There is limited clinical evidence on depression states and inflammatory disorders such pelvic inflammatory disease, despite a huge corpus of research on inflammation levels and depressive states.

The United States (US) National Health and Nutrition Survey (NHANES)is one of several health-related programs conducted by the NCHS to inform the public on the health and nutritional status of diseases and conditions as well as provide information on the prevention of the diseases or conditions. Health policy decisions were made using this information to estimate the prevalence of various diseases and conditions (11). The NHANES database has many perfect and standardized physiological and psychological data such as depression index questionnaire and medical history collection. Considering that depression is closely related to inflammatory factors, the relevant data of NHANES database are included in the research and analysis. The study aims to determine whether depression is associated with the prevalence of PID to shed light on new ideas for the clinical treatment of PID.



Materials and methods


Study population

We used data on NHANES participants from 2013 to 2018 for this study. Female participants aged 12 years and older were eligible. The Research Ethics Review Committee of the National Center for Health Statistics (NCHS) approved the NHANES project, and the data in NHANES were collected by professional investigators of NCHS. No application is required to use the database and it is available to any researcher who meets the requirements for use. All patient information in the database is anonymous, and all participants are aware of and consent to the data collection activities.



Primary exposure

The Patient Health Questionnaire of NHANES database, which consists of nine items, was administered for depression screening. “Almost every day,” “a few days,” “more than half of the days,” and “not at all” were scored 0–3 according to the nine-item instrument. The total score is calculated by adding up the scores in each item, ranging from 0 to 27. PHQ-9 scores and Proposed Treatment Actions were used to define the rating criteria for depression, depression is classified according to the score of depression index:None (0–4), Mild (5–9), Moderate (10–14), Moderately Severe (15–19), Severe (20–27).



Outcomes

Prevalence of PID was assessed based on the NHANES Reproductive Health Questionnaire, where RHQ078 asked, “Ever treated for a pelvic infection/PID?” Participants who answered “Yes” were categorized as the PID group.



Covariates

NHANES investigators prespecified options for race/ethnicity based on a written questionnaire. Another included a multiracial option. Race/ethnicity and Education level were included in the analysis because it is known to be independently associated with PID. According to guidelines published by the US Centers for Disease Control and Prevention, a z score for age categorizes body mass index as normal. Whether there was a regular menstrual cycle in the past 12 months, and the number of leukocytes and neutrophils in serum were taken from NHANES questionnaire data and laboratory data, respectively, and were included in the study as risk factors for PID events.



Statistical analysis

Continuous variables were expressed as means and standard deviations in normal distributions or as medians (quartiles) in skewed distributions. Among the measurements, we used a one-way ANOVA (normal distribution), K-W test (skewed distribution) and chi-square test (categorical variables) to assess whether there was any significant difference between means and proportions.

Multivariate logistic regression analysis and curve fitting was used to assess the association of the primary outcome: prevalence of PID, with the Depression Severity. By adjusting different risk factors step by step, we tested different models (Models 1–3). Model 1 was Unadjusted, Model 2 was adjusted for age, education, and race; Model 3 was further adjusted for Regular menstruation and BMI; Based on these data, an adjusted odds ratio (OR) is calculated with 95% confidence intervals (CI). The strengthening the reporting of observational studies in epidemiology (STROBE) statement advised simultaneous presentation of results from unadjusted, minimally adjusted, and fully adjusted analyses. The covariance in the model adjusts at least 10% of the matched OR values. All analyses were carried out using R (1 The R Foundation) and EmpowerStats (X&Y Solutions, Inc., Boston, MA, USA). Statistical significance was defined as P values less than 0.05 (two-sided).



Participant characteristics

A total of 5,432 subjects were included in this analysis after excluding males (n = 14,452) and those with missing prevalence of PID (n = 9,516) (Figure 1). Age at participation was 38.1 ± 12.4 years (Table 1). The Depression Score level of 314 PID patients in the 2013–2018 NHANES was 6.5 (6.3) 4.0 (0.0–25.0), Mean (SD) Median (Min-Max)/N (%). Patients with PID had a significantly higher Depression score than those with Non-PID (Table 1).


[image: image]

FIGURE 1
Flowchart of study participant selection: from 2013 to 2018 NHANES. A total of 26,026 individuals remained after satisfying inclusion and exclusion criteria.



TABLE 1    Characteristics of participants (N = 5432).
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Univariate analysis of prevalence of pelvic inflammatory diseases

The increase in age was significantly correlated with the occurrence of prevalence of PID (OR1.03, 95%CI 1.02–1.04). Further, women with irregular menstrual cycles had a lower risk of developing prevalence of PID (OR 0.51, 95%CI 0.40–0.64; Table 2).


TABLE 2    Univariate analysis for prevalence of pelvic inflammatory diseases.
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Associations between prevalence of pelvic inflammatory diseases and the depression score

After further adjustment for age, race/ethnicity, education, body mass index, menstrual cycle, white blood cell, segmental, neutrophils factors. In multiple logistic regression analysis and curve fitting, we found that there was a significant correlation between depression index and the prevalence of PID. A multifactor regression analysis revealed a continuous relationship between prevalence of PID and Depression (Figure 2 and Table 3).


[image: image]

FIGURE 2
Prevalence of pelvic inflammatory diseases (PID) vs. depression score: association PID and depression score: A linear association between PID and depression score was found in a generalized additive model (GAM). The solid red line represents the smooth curve fit between variables. Blue bands represent the 95% of confidence interval from the fit. All adjusted for age, education, race, BMI, Regular menstruation, WBC, Segmented neutrophils.



TABLE 3    Relationship between depression severity and prevalence of pelvic inflammatory diseases.
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Association between prevalence of pelvic inflammatory diseases and the depression severity

Results of multivariate logistic regression analysis and curve fitting showed a correlation between the prevalence of PID and depression (Figure 2). Multivariate logistic regression analysis and curve fitting revealed that prevalence of PID risk increased with depression severity. Age, race/nationality, education, body mass index, menstrual cycle, white blood cells and segmented neutrophils as risk factors for PID were included in the study as adjustment factors. The results of multivariate Logistic regression analysis and curve fitting showed that the prevalence of mild depression was higher than that of non-depression (OR 1.50, 95%CI 1.12–2.00). In addition, with the increase of depression index and the aggravation of depression, the correlation between prevalence of PID and depression may be more significant (OR 6.34, 95%CI 3.72–10.79). There was a positive correlation between the degree of depression and the prevalence of PID. This conclusion is also supported by the linear relationship in the smooth curve fitting of the two (Figure 3).


[image: image]

FIGURE 3
Prevalence of pelvic inflammatory diseases (PID) vs. depression severity: association PID and depression severity: A linear association between PID and Depression Severity was found in a generalized additive model (GAM). 0 = Non, 1 = Mild, 2 = Moderate, 3 = Moderately Severe, 4 = Severe.


It is worth noting that in the smooth curve fitting analysis, the non-linear correlation between the subjects with different depression index and their segmented neutrophil count was observed: when the depression index was higher than a numeric value, the higher the depression index was, the higher the segmented neutrophil count in blood was, and there was a positive correlation between them. Unfortunately, we did not calculate the turning value of the depression index, this is also the focus of our further research on the relationship between the two in the future. That may partly explain why people with depression have such a high risk of prevalence of PID (Figure 4).
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FIGURE 4
Association depression score and segmented neutrophils: A threshold, non-linear association between depression severity and segmented neutrophils were found in a generalized additive model (GAM).




Subgroup analysis

We used subgroup analysis and interaction testing to further understand this outcome. The age range was separated into three categories: under 20, 20–49, and above 49. According to WHO guidelines, BMI was categorized as 18.5, 18.5–24.9, 25.0–29.9, and 30.0 kg/m2. This study determined if the association between prevalence of PID and the Depression Score still applied to each subgroup based on age, gender, race, BMI, menstrual cycle status, and smoking exposure. There was an interaction between prevalence of PID and the Depression Score across menstrual cycles, age, BMI, and racial groups, according to the findings. We found a greater correlation between prevalence of PID and the Depression Score in the population of women of reproductive age between 20 and 49 years of age compared to patients younger than 20 years of age and those older than 49 years of age, with an effect value and 95% confidence interval of (OR 1.109, 95% CI 1.083–1.135). When compared to other ethnic groups, depression was more linked with the prevalence of pelvic inflammatory disease in the Non-Hispanic-Asian population, with an effect value and 95% confidence interval of (OR 1.134, 95% CI 1.081–1.190). There was no significant difference between prevalence of PID and Depression Score in smokers versus non-smokers (Figure 5).
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FIGURE 5
Subgroup analysis: Forest plot showing the OR and 95%CI of incidence of pelvic inflammatory diseases risk in patients with different degrees of depression in different subgroups.





Discussion

With the increase in depression score and the aggravation of Depression severity, we found that the prevalence of PID was not significantly correlated with BMI, race, and education level. When compared with the non-Depression group, the OR of the Severe-Depression group increased the most (OR 6.43, 95%CI 3.72–10.79), followed by the Moderately Severe group (OR 4.01, 95%CI 2.56–6.28) and the Moderate group (OR 2.35 95%CI 1.64–3.38). The prevalence of PID increased 6.34 times, 4.01 times, and 2.35 times, respectively.

In addition, we also analyzed the potential mechanism of depression scores on the occurrence of PID in women. For every 1 increase in depression scores, the risk of pelvic inflammation was 1.10 times higher than before. Interestingly, although there was no difference between WBC and Segmented neutrophils in the prevalence of PID group and Non-PID Group, we found a non-linear relationship between them in smooth curve fitting between Segmented neutrophils and Depression Severity: when the depression score was less than a numeric value, there was no correlation between the depression index and the serum Segmented neutrophils equivalent, but when the depression index was more than numeric value and gradually increased, the Segmented neutrophils equivalent increased, and there was a positive correlation between them. In previous studies, there has been a close relationship between depression and inflammatory factors. A persistently activated hypothalamus-pituitary adrenal (HPA) axis combined with excessive cortisol release impair the sensitivity of glucocorticoid receptors (GR) and increases the activity of the pro-inflammatory immune response. It may be inferred that the serum segmented neutrophils equivalent will increase abnormally if the severity of depression is increased.

A series of symptoms are often accompanied by PID, such as abnormal leucorrhea, fever, and abdominal pain, which can be completely cured when the disease is treated with antibiotic. Pelvic inflammation caused by low autoimmunity and drug resistance is often accompanied by intermittent abdominal pain and low back pain in patients. Chronic pain and depression are very common diseases, and one disease increases the risk of the other. An array of physiological and behavioral processes is involved in depression and pain. Under chronic stressful conditions, or even after a stressful event, the hypothalamic-pituitary-adrenal (HPA) axis can be overactivated or activated. A variety of antidepressants have been proven to relieve chronic pain in patients (12). In comparison with healthy controls, depression patients display an up-regulation of inflammation markers in peripheral and central nervous system tissues, including elevated concentrations of pro-inflammatory cytokines and immune mediators in cerebrospinal fluid (13). However, there is little evidence that there is a correlation between depression and PID, and there is little literature on the correlation between the severity of depression and PID. Our results are supported by data that show that the correlation between the severity of depression and PID is biologically reasonable. Due to the secondary nature of the analysis, we are unable to collect new data, which may result in residual confusion in the unmeasurable covariates. For the lack of serum C-reactive protein (CRP) data, we choose to ignore this covariate for analysis. In addition, limited information is available regarding the treatment, prognosis, and duration of specific PID. In this study, the population is large and representative. Severity and outcome variables of depression, as well as PID, were also assessed in a standardized manner.

Our research has a number of advantages. Firstly, a large sample of public databases was applied, which enhances the authority and reliability of the data. Secondly, the application of multi-factor regression analysis allows for the inclusion of more risk factors in the analysis, which enhances the credibility of the results, and finally, the relatively large sample size allows for more objective conclusions.

Inevitably, there are some limitations to our study. Firstly, cross-sectional analysis can only examine the distribution of risk factors for PID in a specific population at a specific time, and the study population is limited to adult women in the USA.



Conclusion

According to this study, depression severity among women in the US was associated with pelvic inflammatory disease. Even after adjusting for possible confounding factors, this correlation persists. Diagnosis and treatment of concomitant depression should be strongly considered in patients with PID.
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Background: This study was conducted to assess the efficacy of the Jain point to overcome the contraindications of Palmer's point. The Jain point lies on the left side of the abdomen at the L4 level, 10–13 cm lateral to the umbilicus. Due to its anatomical location, the Jain point is free from adhesions because postsurgical adhesions are encountered usually in the midline or the right side.



Methods: This is a retrospective study conducted at a high-volume tertiary care referral center for advanced gynecological laparoscopic surgery, enrolling 8,586 patients who underwent laparoscopy at the center from January 2011 to March 2022. In this paper, we analyze 2,519 patients with a history of previous surgeries, who were operated using the Jain point.



Results: In the 2,519 patients with a history of previous surgeries, the Jain point port was found to be adhesion free, regardless of the location of the scars, the number and type of previous surgeries, and those in whom Palmer's point was contraindicated. No major complications were reported, except for one case (0.04%) of small bowel injury, which was managed intraoperatively. The Jain point continued to function as the main ergonomic working port.



Conclusion: The Jain point offers an alternate safe entry port in previous surgery cases for laparoscopic surgeons of various specialties, like general surgeons, urologists, oncologists, and bariatric surgeons, to overcome the contraindications of Palmer's point. The Jain point also acts as the main ergonomic working port, whereas Palmer's point becomes redundant after initial entry.



KEYWORDS
Jain point, laparoscopic entry port, left lateral port, non-umbilical entry, Palmer's point, laparoscopy in previous surgery, Hasson Technique, laparoscopic entry





Introduction

Adhesions require a highly evolved surgical intervention. Adhesions and their associated complications have piqued both the medical and the legal fraternity in recent years (1). Laparoscopic techniques have revolutionized the field of gynecological surgeries and have taken a significant leap ranging from diagnostic procedures to complex intricate surgeries. However, previous surgeries lead to adhesions, which significantly challenge safe entry in laparoscopy. Generally, first blind entry is through the umbilicus, which is the most common site for surgical adhesions. The incidence of intra-abdominal adhesions after laparotomy is 30%–90% (2). Most complications in laparoscopy occur during primary access when the trocar passes through the abdominal wall (3), and the rate is 0.4 per 1,000 cases for gastrointestinal injury and 0.2 per 1,000 cases for major vascular injury (4). This makes laparoscopic entry a significant burden on the healthcare system in previous surgery cases.

In 1974, R. Palmer devised a port that has acted as a savior in the aforementioned surgical situations (5); this lies 3 cm below the left subcostal margin in the midclavicular line and has been approved by experts across all subspecialties of endoscopy. Although generally safe, it has contraindications in cases of bloated stomach, upper abdominal masses, hepatosplenomegaly, and upper abdominal scars, causing a dilemma for laparoscopic surgeons, thus necessitating another entry port. The relatively newly devised ports such as the Lee–Huang point and 9th intercostal space are both in the upper abdomen, where the contraindications of Palmer's point persist.

The Jain point was devised in the mid-abdomen to avoid adhesions of the upper abdomen that contraindicate the previously described entry ports. The Jain point is 10–13 cm lateral to the umbilicus and outside the main surgical field avoiding the vessel, viscera, adhesions, and small and large bowel (Figures 1A,B). The Jain point, in effect, simulates the position of a referee on a tennis court, sitting outside at mid court, watching the movement of the ball on either side of the court with equal agility. In our context, it is outside the surgical field, and thus, applicable for scars in the upper, mid, and lower abdomen (Figures 2A,B) (6).


[image: Figure 1]
FIGURE 1
(A) Surface marking of a Jain point showing the distance from the umbilicus and the left lower port. The patient developed septicemia after surgery, following which multiple surgeries were done for colostomy and colostomy closure. (B) Finger pressing at Palmer’s point from the abdominal wall, showing bowel loops stuck over the upper abdomen. The Jain point avoids Type IIA bowel adhesions.



[image: Figure 2]
FIGURE 2
(A) Concept of a Jain point; it mimics the position of a referee on a tennis court who is sitting outside the surgical field. (B) Jain point is equally applicable for the upper-, mid-, and lower-abdomen scars.


Sharp (7), in his recent article in UpToDate titled “Overview of Gynaecological Laparoscopic surgery and Non-umbilical Entry Site”, strongly advocates non-umbilical entry in previous surgery cases, large pelvic masses, extremes of body mass index (BMI), pregnancy, very lax abdomen, and umbilical hernia. We adopted the concept of non-umbilical entry ahead of time as the Jain point is a non-umbilical entry port, at the L4 level,10-13cm lateral to umbilicus away from both, the viscera on the left side (the spleen, kidney, and bloated stomach), which are located higher up at T10 to L1, and the sigmoid colon, which has physiological adherence at the pelvic brim at the lower end. This leaves a wide nascent area on the left side from L1 to the pelvic brim, which is free from the vessel, viscera, adhesions, and bowel (VVAB) (8) (Figure 3) where the Jain point is located. The Jain point has the potential to avoid injury to the major retroperitoneal vessel (MRV). It also avoids superior epigastric and superficial epigastric vessels that are located within 5 cm of the midline. Located at the mid-abdomen, it reaches the depth of the pelvis or upper abdomen, and hence, continues to function as the main ergonomic working port throughout the surgery (Figures 4A,B).


[image: Figure 3]
FIGURE 3
Jain point is at the L4 level, 10-13 cm lateral to umbilicus and away from both the viscera on the left side (spleen, kidney, and bloated stomach) and the sigmoid colon in a wide nascent area on the left side from L1 to pelvic, which is free from vessel, viscera, adhesions, and bowel.
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FIGURE 4
(A) 10 mm port inserted under the direct vision of the Jain point port, which becomes the main working port. (B) Ipsilateral ports making the myomectomy and suturing ergonomic.


This paper outlines the study of the Jain point as an alternate entry site in patients with a history of previous surgery and those in whom Palmer's point is contraindicated. For quick reference, we have tabulated the differences between the Jain point and Palmer's point (Table 1).


TABLE 1 Differences between Jain point and Palmer's point.

[image: Table 1]

The Jain point has a single very prominent bony landmark, the ASIS, which lies in the sterile surgical field, whereas Palmer's point is located by the clavicle which lies in the unsterile surgical field. Harry Reich, in his foreword for the book, “Non-Umbilical Laparoscopic Entry Ports”, published in the year 2020 (9), mentions that the Jain point with a prominent bony landmark is the lowest of all entry ports and may be best for routine use. The left lateral Jain point located in the mid-abdomen can be utilized as the main ergonomic working port for both the upper and the lower abdomen (10), whereas Palmer's point becomes redundant after initial entry. With the Jain point being away from the viscera, complications associated with postinflammatory patients suspected with a high adhesion score (classified as Type IIA adhesions) even without surgery do not occur (11). These cause omental and bowel adhesions affecting the upper abdomen, which can contraindicate Palmer's point. The Jain point can be used for all BMI patients, including low BMI patients (12) with previous surgery, whereas Palmer's point has limitations with low BMI patients due to its proximity to the left kidney (13).



Material

We collected the data of 8,586 patients who underwent laparoscopic surgery at our center from January 2011 to March 2022. Their history and operative notes were carefully recorded. The patients’ age, BMI, indication of previous surgery (gynecologic or surgical), number of previous surgeries, mode of previous surgery (open or laparoscopic), and incisions of previous surgeries were tabulated. Complications were defined as events that significantly altered the planned procedure, deviated from the normal postoperative course, delayed discharge, or led to a prolongation of recuperation. Complications directly related to the entry technique that occurred intraoperatively, and discovered up to 2 weeks postoperatively, were recorded. Lastly, patients were followed up for any incisional hernia at the Jain point.

Note: To avoid inflation of data, cases of patients with multiple surgeries were counted only once when tabulating data for the mode of surgery, indication of surgery, and type of incision. For instance, if a patient had undergone laparotomy with a right paramedian incision and a cesarean section with a Pfannenstiel incision, only the right paramedian incision was considered, because the probability of having paraumbilical adhesions is more with this type of surgery and incision.



Method

The preoperative preparation comprises a low residual diet for 48 h prior to surgery and mechanical bowel preparation in all previous open surgery cases. In patients with acute clinical conditions necessitating laparoscopic, diagnostic, or therapeutic procedures, Jain point entry is made without a long bowel preparation protocol after the anesthetist administers nasogastric tube. As many procedures in the study group have been done notably in ectopic pregnancies, T.O. abscess, and the torsion of the ovary, the surgery is performed under general anesthesia, with the patient lying in the dorsal lithotomy position. The entire abdomen is inspected and previous incision sites are noted. To locate the Jain point, the ASIS, which is a prominent fixed bony landmark in the sterile surgical field, is marked and a vertical line is drawn 2.5 cm medial to the ASIS up to the level of the umbilicus. Then, a horizontal line is drawn at the upper margin of the umbilicus. The point where the two lines meet is the “Jain point”. In effect, the entry point is located approximately 10–13 cm lateral to the umbilicus, depending on the patient's body type, BMI, and central obesity.

Notably, the abdominal wall is not lifted, avoiding unequal forces being applied during entry and zigzag track, providing a precise appreciation of layer-by-layer entry. The same technique is applied for thin or obese patients. The Veress needle is preferred, and it is entered perpendicular to the skin. Two pops are clearly heard, the first when the needle passes through the aponeurosis of the external oblique muscle and the second when the needle passes through a fused aponeurosis of the transverse abdominal muscle and internal oblique muscle, after which the needle encounters resistance as it enters the peritoneal cavity. Safety checks are done, the pneumoperitoneum is created, and the 5 mm trocar and telescope are inserted. The area below the entry point is inspected to rule out any injury to the bowel or vessel. Then, a 360° check of the abdominal cavity is done. A note is made of adhesions and their scoring and location, especially in the upper abdomen, to look for adhesions below Palmer's point and the right and left hypochondria to check for any subdiaphragmatic adhesions. Then, a 10 mm telescope is entered at an adhesion-free area according to the mandate of the surgery. The Jain point provides a working distance of 10–12 cm from the left lower port for good ergonomic working, becoming the main ipsilateral ports throughout the surgery. General surgeons and urologists have used them according to their convenience either as a camera port or as a working port later on in the course of surgery.



Results

The results of the study spanning 11 years and 8,586 cases highlight the safety of the Jain point as a routine entry port in previous surgery cases. This paper is restricted to analyzing the results in 2,519 patients who had previous surgeries and the Jain point’s possible role in the contraindications of Palmer's point. The demographic profile of the patients, such as BMI, number of previous surgeries, types of scars, and indication of previous surgeries, is tabulated in Tables 2–5, respectively. The indication of previous surgery was found to be a very important factor to predict the adhesions preoperatively.


TABLE 2 Distribution of previous surgery cases according to body mass index.

[image: Table 2]


TABLE 3 Distribution of cases according to the number of surgeries in the past.
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TABLE 4 Distribution of patients according to the type of scar of previous surgery.
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TABLE 5A Patient's profile depending on the type and indication of previous gynae surgery.
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TABLE 5B Patient's profile depending on the type and indication of previous general surgery.
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Table 2 shows the distribution pattern of the 2,519 patients with previous surgery, according to their BMI, which ranged from <18.5 to ≥40 kg/m2. Our study reveals that overall, in patients with a history of previous surgery, we operated on more patients in the obesity group (54%), superseding the normal BMI group (42%). Keeping with the global trend of obesity, a majority of the patients in our study had a high BMI, who included 960 overweight patients, 395 obese patients, and 42 morbidly obese, while only 83 (3.29%) were underweight.

Table 3 shows the distribution pattern of the 2,519 patients based on the number of surgeries in the past. A total of 1,354 patients had previous laparotomy and 1,165 had previous laparoscopy as the mode of surgery. The maximum number of patients in our study (75.7%) had one previous surgery. Of these, 817 patients underwent open surgeries and 1,090 laparoscopic surgeries. A total of 18.1% patients (457) had two previous surgeries. Among these, 389 had laparotomy and 68 laparoscopies. The percentage of patients who underwent multiple surgeries was 6.1, including 122 patients who had three previous surgeries, while 33 patients had a history of four or more surgeries. Thus, in the previous laparotomy group, we had almost 600 patients with two or more previous surgeries, while in the laparoscopy group, most had one previous surgery.

Table 4 shows the distribution pattern of patients based on the type of scar of previous surgery. A total of 32.8% (828) of the patients had previous incision as transverse. Some patients had a long horizontal incision at the level of the umbilicus, given during the neonatal period. A total of 16.9% (427) patients had vertical scars, with a few patients having non-classical incisions such as previous drain sites, colostomy sites, incisions for renal surgeries, and long vertical incisions extending from the epigastrium up to the pubic symphysis in prior surgery for intestinal obstruction, burst abdomen, septicemia, and other complex pathologies. We also had patients with atypical abdominal scar marks, with prior ectopia vesicae and Hirschsprung's disease in the early neonatal period. A total of 1.98% (50) patients had a Mc Burney scar, 1.7% (44) had Kocher's scar, and 3 had Chevron incision, while 2 had bizarre incisions related to gunshot wound surgery. A total of 46.25% (1,165) patients in our study had previous laparoscopic entry ports at multiple sites.

Table 5: We split the previous surgery patients into those with gynae indication (Table 5A) constituting 84.2% (2,121 out of 2,519) and general surgery cases (Table 5B) constituting 15.79% cases (398 out of 2,519).

Table 5A: In the gynae group, open procedure with 55% (1,168 out of 2,121) was 10% more prevalent than the laparoscopic procedure with 45% (953 out of 2,121). In the laparotomic approach, previous cesarean sections constituting 71.74% (838 out of 1,168) were the most common, followed by ectopic pregnancy (8%, i.e., 92 out of 1,168), both of which had a substantial rate of adhesions. Endometriosis (1%) and myomectomy (6%) were a formidable group for readhesion formation and de novo adhesions. Dense adhesions at the entry point and the surgical site were noted in previous hysterectomy patients (1.6%) presenting for prolapse and posthysterectomy adnexal masses, ovarian remnant syndrome, and ovarian residual syndrome. Patients with previous surgery for infectious pathologies such as genital Koch's, septic abortion, and pelvic inflammatory disease had very advanced adhesions.

Table 5B: General surgery patients, in contrast to the gynae group, underwent more previous laparoscopies (53.26%, 212 out of 398) than previous laparotomies (46.7%, 186 out of 398) done by the open procedure. Cholecystectomy and appendectomy were the most common indications. We operated upon 13 patients with mesh hernia repairs, 7 with Hirschsprung’s disease, and 5 with a high imperforate anus, which were managed in infancy by colostomy and then by the colon pull-through procedure. We encountered scars going from the pubic symphysis to the xiphisternum in midline laparotomies for indications such as Koch's abdomen [the center is located in North India, which has the world's highest prevalence of Koch's (14–17)], which, at times, necessitated bowel resection and reanastomosis and second surgery for colon pullback. These patients had a high score of adhesions. In patients in whom there were multiple scars and/or drain sites on the left side, a mirror image of the Jain point was made from the right side where there is no risk of liver injury.

No significant entry-related complications were reported in the study with the use of the Jain point as the primary port. We encountered minor complications like preperitoneal insufflation or omental emphysema, although failed entry was a less-encountered problem. In some patients with omental adhesions involving the entire abdomen, a few entries were made through the omentum, which did not incite any bleeding or require additional interventions like suture or coagulation. No vascular injury was encountered intraoperatively, no surgery was converted to laparotomy, and no mortality was noted. There was no incidence of hematoma formation after surgery, and no incisional hernia was noted at the Jain point in the long-term follow-up.

Major complications were restricted to one case (across all 8,586 patients) of small bowel entry in a patient with transverse scar exactly at the level of the umbilicus due to a laparotomy performed in childhood. We strongly suspected bowel adhesions and performed an MRI, which, however, failed to report bowel loops underneath the scar. This complication was recognized immediately, the bowel loop was extracted by widening the port, and the bowel was sutured and reposited. The patient did well postoperatively and was discharged in 3 days. The major complication rate in our study of 2,517 cases of patients with previous surgeries is 0.04%, and the overall rate for the entire number of patients entered by using the Jain point is 0.011%.

About one-third of the entries were made by fellows and trainees, with 8–10 initial cases under the supervision of senior consultants, and the remaining completely independently, demonstrating the short learning curve and reproducibility of the procedure (Table 6).


TABLE 6 Entry made through Jain point.
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Discussion

Palmer advocated the insertion of the Veress needle three centimeters below the left subcostal margin in the midclavicular line (called Palmer's point) in previous surgery cases. Palmer's point has enjoyed many years of use worldwide by all practitioners of endoscopic surgery, like gynecologists, general surgeons, or urologists. But as the complexities of surgical indications and the number of previous surgeries have increased, many contraindications of Palmer's point have emerged, such as hepatosplenomegaly, portal hypertension, gastropancreatic masses, huge gynecological masses forming in the upper abdomen, and upper abdominal scars on the left side due to previous splenic or gastric surgery. Even in patients with no previous surgery, making an entry through Palmer’s point is challenging in those with Type IIA adhesions due to previous infectious pathology leading to bowel and omental adhesions in the upper quadrant of the abdomen, as encountered in Koch's abdomen (18–21), and previous septicemia.

To overcome these limitations, a few other non-umbilical ports were designed, namely the Lee–Huang point (22) and left 9th intercostal space (23). The Lee–Huang point was primarily devised for para-aortic lymph node dissection. Lying midway between the xiphoid process and the umbilicus, it had the benefits of higher location and central vision and a wider working space, thereby avoiding periumbilical adhesions. Although this point was extensively used in patients with previous surgeries, it was not free from complications. In a series of 188 cases, 2 omental injuries from primary port insertion and 1 colon injury were reported. Similarly, the entry point from the left 9th intercostal space in the anterior axillary line at the superior surface of lower rib was also used for Veress needle insertion. It had a failure rate of 0.39%, and the risk of splenic injury and bleeding from subcostal artery limited its use (24). Although these points had their advantages, being located in the upper abdomen, they shared the same contraindications as Palmer’s point (25).

The open Hasson technique is widely practised to remove the adhesions of previous surgeries. In this technique, blunt trocar is introduced through the vertical incision at the center of the umbilicus and pneumoperitoneum is created. Although this method took into account error-free controlled entry into the abdominal cavity, it failed to tackle the Type IIA adhesions where the bowel was densely adherent to the parietal peritoneum. A meta-analysis of 5,284 patients undergoing operative laparoscopy through this method reported primary access injuries, 1 bowel injury, 21 wound infections, 4 minor hematomas, and 1 umbilical hernia (26). It also has drawbacks such as a longer time to create a port and difficulty in maintaining the pneumoperitoneum during surgery due to leakage of gas. Also, its use is not well defined in patients with extreme BMI, becoming technically difficult to reach the rectus sheath with increased abdominal fat (27, 28).

The Jain point is shown to be safe for entry in patients with upper abdominal scars where entry through Palmer's point was not feasible. We reported one notable case of a patient with a large upper abdomen, in whom Chevron incision® was made where Palmer's point was contraindicated and entry was made using the Jain point (29). We reported another study containing 106 cases of patients with scars in the upper abdomen, where entry was made through the Jain point (30). In that study, the bowel was found stuck completely over Palmer's point in several patients with previous infectious pathologies (31), almost making a second layer of the peritoneum (Figure 1B). In these patients, the Jain point was used for laparoscopic entry and found to be free from adhesions. In a few patients, omental adhesions were noted, but these did not incite any bleeding during the entry of a 5 mm port and therefore did not necessitate a suture or cauterization.

In our study of 8,586 cases, the complication rates were 0.01% overall and 0.04% in previous surgery cases, across all age groups (8–76 years) and BMI ranges (12.66–58.11 kg/m2), which were lower than those in the aforementioned studies. This can be explained by the Jain point's lateral location on the left side, 10-13 cm from the midline, inherently avoiding MRV injury. The Jain point is located at the L4 level, while all the viscera, namely, the stomach, spleen, and kidney, come up to the T12 L1 level, leaving a large nascent area till the pelvic brim where the sigmoid colon adheres. Even an adherent and distended sigmoid colon remains much lower for it to become vulnerable to trocar injury from the Jain point. Surgeons making primary entry do not encounter small or large bowel adhesions and the abovementioned formidable structures. It is very important to stay far lateral, and only being paraumbilical does not guarantee complete safety against bowel adhesions.

Unlike Palmer's point, the Lee–Huang point, and the 9th intercostal space that become redundant after initial entry, the Jain point can be used as an ergonomic working port throughout the surgery as noted by HT Sharp. Beyond just gynecologists, the point is even more versatile for general, bariatric, and oncosurgeons who commonly operate on patients having scars in all quadrants of the abdomen. The Jain point is used as a camera or working port (32), as in cholecystectomy, appendicectomy, and evaluation of patients with pain in the abdomen and hernia repairs. It can be valuable in bariatric surgery as the study indicates the Jain point's safety in high BMI patients. Oncosurgeons, while using it as a primary procedure or with second-look procedures after neoadjuvant chemotherapy, have found it safe in the context setting of advanced adhesion scores in such indications (33). The mirror image of the Jain point can be used from the right side without incurring the risk of liver laceration, making it a viable port in the lateral position for urological procedures and, in general, surgical indications where scars or drain sites are present over the Jain point on the left side.

The Jain point has a short learning curve and is easily reproducible, due to the ease of locating it by a single prominent bony landmark, the ASIS, and an easy insertion technique, as demonstrated in our study, where one-third of laparoscopic entries were made by endoscopy fellows.

The Jain point has been referenced by researchers and laparoscopic surgeons in publications on laparoscopic entry noting the benefits of the Jain point in previous surgery cases. Wasson et al. (34) recommend the use of the Jain point in patients in whom adhesive disease is suspected. Bedaiwy et al. (35) have documented the benefit of the Jain point, particularly in patients with suspected periumbilical adhesions, to enhance the safety of the subsequent 10 mm supra-umbilical port entry. Einarsson et al. (36), in a recent textbook of Minimally Invasive Gynecology, describe the Jain point as an alternative to Palmer's point on the left side mid-abdomen, 2.5 cm medial to the ASIS. Reynolds (37) has highlighted in his thesis that the Jain point is proposed as an alternate entry site when the first three options (umbilicus, Palmer's point, and the Lee–Huang point) are not viable. Eamudomkarn et al. (38), in their recent publication, have cited the benefits of the Jain point over other points, as it is located lower and lateral than Palmer's and Lee–Huang points, avoiding injury to the viscera. Salcedo et al. (39) have described the use of the Jain point in laparoscopy in pregnancy, which is in line with our observation of over nine such surgeries done in pregnancy, where the feature of laterality gives more space for the gravid uterus.

Some publications such as “Clinical Perspective Concerning Abdominal Entry Techniques” by Recknagel et al. (40) and “Abdominal entry in laparoscopic surgery” by Pepin (41) mention the Jain point as a viable entry port in previous upper abdominal scars and previous surgery patients but have inaccurately depicted the Jain point as being located “directly lateral to the umbilicus, and 2.5 cm medial to a line drawn vertically upwards from left ASIS”. Contrarily, the Jain point derives its safety features by staying 10–13 cm lateral from the umbilicus where the risk of bowel adhesions is mitigated and it avoids injury to the superior and superficial epigastric vessels that lie within 5 cm of the midline. It is important to mark the surface of the Jain point properly by locating the ASIS and the remaining 2.5 cm from it and drawing a vertical line upward at the level of the umbilicus to gain the maximum benefits of safety and ergonomics. To further increase the safety of the Jain point, entry can be made through optical trocars that clearly show the different layers of the abdominal wall and parietal peritoneum as entry is made, and they can also detect bowel injury (42). To obtain a view before entry, disposable shielded trocars, called Ternamian™ threaded trocars (43), can be used. Mulayim et al. (44) have reported direct trocar entry from the Jain point. Reusable trocars have been reported to be safe in our series. How one makes an entry through this point is a matter of personal choice or institutional practice norms.

In conclusion, this study demonstrates the safety of the Jain point as a first blind entry port across all age groups and BMI ranges, with a low complication rate of 0.04% for previous surgery cases and an overall low complication rate of 0.01%, significantly lower than those in similar studies for other entry ports. The Jain point has no known contraindications and can be used by gynecologists, urologists, oncologists, and general and bariatric surgeons to overcome the contraindications of Palmer's point.



Strength of the study

Sample size is a crucial consideration for quality research. This study includes 8,586 cases recorded over 11 years, and none of the previous studies have contained such a large number of patients and such a large time span.



Limitation of the study

Although we have a large case series and a study period of 11 years, our study is retrospective in nature.



Conclusion

Due to its anatomical location, the Jain point is a feasible entry option with low complication rates in situations where other ports have limitations. The port is safe for all types of previous scars in the upper, middle, and lower abdomen and can be used in all ranges of BMI. As per surgical need it can be used as a mirror image from the right side. Located in the mid-abdomen, it doubles up as the main ergonomic working port. It has no known contraindications. The Jain point can be used as an entry port for all practitioners of laparoscopy in previous surgery cases of patients in whom Palmer's point is contraindicated.
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Purpose: This study was performed to assess the association of calcium channel blockers (CCB) and other potential factors with postoperative lymphatic-related morbidity in patients with cervical cancer and endometrial carcinoma.



Methods: Patients diagnosed with cervical cancer or endometrial carcinoma with pelvic lymphadenectomy between January 2017 and January 2022 were enrolled. Postoperative lymphatic-related morbidity was evaluated by calculating the lymph cyst occurrence within 3 months after surgery and the duration of pelvic drainage. Univariate analyses evaluating the risk factors for lymphatic-related morbidity were performed.



Results: Of a total of 251 patients, 52 patients were diagnosed with lymphatic cysts by B-ultrasound or computed tomography, and the duration of drainage from 110 patients exceeded the average number of days. Univariable analysis revealed that hypertension, CCB, and lymph node metastasis were independent predictors of postoperative complications.



Conclusions: This study demonstrated that CCB may be a factor associated with the incidence of postoperation lymph cysts, and CCB usage prolongs the duration of pelvic drainage.
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Introduction

Gynecologic cancers, including ovarian, endometrial, and cervical cancers, are major types of malignancies for women worldwide. The incidence of cervical cancer in China is the highest among female malignant tumors (1, 2). Systematic pelvic lymph node dissection (PLND) remains an imperative surgical procedure in the treatment of gynecologic cancer. PLND not only improves staging accuracy but may also improve the prognosis.

Spontaneous contractions of smooth muscle cells in the lymphatic vessel walls are essential to maintain tissue homeostasis by draining fluid from peripheral tissues into circulation. Decreases in lymphatic pumping may reduce the velocity of lymphatic reflux and instigate lymph stasis or lymphedema. Lymphedema was first widely studied as a postoperative complication of breast cancer because of its high incidence and irreversibility. Of the patients treated for breast cancer, 41% develop lymphedema (3). Risk factors in patients with arm lymphedema include BIM > 30, radiation, advanced stage cancer, more invasive surgery, certain chemotherapy, infection, and so on (4).

Underlying the contractions are spontaneous action potentials and associated calcium ion (Ca2+) transients. Various studies have confirmed that the peacemaking mechanism relies on spontaneous transient depolarizations (STDs), which result in the opening of Ca2+-activated chloride channels (5).

Lymphatic leakage that commonly developed following pelvic lymph node dissection remains to be defined (6). It can occur anywhere along the pathway of lymph, which commences in all four extremities and the abdominal and peritoneal cavities. In 1994, Geissler et al first proposed the concept of chylous ascites, which is a rare form of ascites that results from the leakage of lipid-rich lymph into the peritoneal cavity.

Lymphatic leakage could cause some clinical symptoms such as limb lymphedema, prolonged lymphatic cyst, infection, and fever. The patients’ quality of life significantly deteriorated so as their sleep quality.

With the ongoing development of both laparoscopic technology and equipment, laparoscopic minimally invasive surgery is widely used in gynecological operations. Nevertheless, some studies have previously reported that CO2 pressure and ultrasonic knife coagulation during laparoscopic surgery could lead to transient occlusion of injured lymphatic vessels (6, 7). This obstruction subsequently causes lymphatic leakage during the patient's recovery. Due to the obstruction of lymphatic circulation and the presence of cavities in the retroperitoneum, localized lymphoid cyst are easily formed in the pelvis after systematic lymphadenectomy. Therefore, placing a pelvic drainage tube could drain the accumulated lymphatic fluid, and surgeons could observe whether there is active pelvic bleeding.

Several studies have analyzed the risk factors for the development of postoperative lymphatic leakage. Reported major risk factors for lymphatic leakage include having a high body mass index (BMI), radiation therapy, and having had lymph nodes removed, with the risk increasing with the number of lymph nodes removed. However, some of these risk factors remain ambiguous (8, 9).

A recent study showed that a novel risk factor of upper extremity lymphedema was associated with the treatment of breast cancer. In 2019, Stolarz et al. studied the effect of calcium channel blockers (CCB) on the risk of postoperative lymphedema in patients with malignant breast cancers for the first time. This retrospective study revealed that CCB exposure was significantly associated with an increased risk of lymphedema (10).

Unfortunately, throughout an array of standard postoperative lymphatic leakage research studies, there is still lack of consensus of lymphatic leakage. The researchers consider that drainage tube removal is a major factor affecting the morbidity of the patients’ physiological and psychological recovery as well as overall length of hospital stay. In our study, lymphatic leakage is defined as follows: the continuous drainage color of the postoperative pelvic drainage tube may be light yellow or chylous fluid, and the drainage fluid within 3–5 days postoperation is in excess of 300 ml/d, and other causes have been excluded (including urinary fistula).



Method

This study is a retrospective case–control study, and block randomization will be adopted for random grouping. The 1,195 patients diagnosed with either cervical cancer or endometrial cancer between January 1, 2017, and January 1, 2022, who were treated in our hospital with PLND including dissection of the internal iliac, external iliac, common iliac, and obturator lymph nodes on both sides, were reviewed retrospectively. A total of 217 patients were excluded because the scope of lymph node dissection was beyond the pelvic cavity. Among the 978 patients remaining, 127 had hypertension. A total of 127 patients with a nonhypertensive gynecologic malignant tumor were randomly selected as control group. Due to the absence of pelvic imaging materials within 3 months after operation, 3 patients were excluded and a total of 251 patients were included.

The patients with cervical malignant tumors and endometrial cancers were divided into groups with strict limitations on the scope of lymph node dissection. For all included patients, data regarding age, weight, height, BMI, diagnosis of cancer, preexisting chronic disease (hypertension and diabetes), number of lymph nodes removed, duration of drainage (defined as the period elapsed from the first day after surgery to the day the drainage tube was removed), postoperative drainage volume, use of different antihypertension drugs, and postoperative therapy were collected.

Patients were sorted into two groups according to whether lymphatic cyst was found by imaging 3 months after operation. Considering the postoperative hospitalization time, we also grouped the patients according to the median time of duration of pelvic drainage.

The statistical analyses were performed using the SPSS statistics version 22.0 (IBM, Armonk, NY, United States) software programs. Continuous variables were presented as the mean and SD (normally distributed variables) or median. Categorical variables were presented as numbers and percentages. Variables with a value of P < 0.05 in the univariate analyses were included in the subsequent multivariate forward logistic regression analysis. Stepwise forward logistic regressions were used in multivariate analysis. Propensity score matching (PSM) was performed to eliminate the different distributions of variates among individuals in the two groups. PSM was conducted based on the logic of the propensity score and one-to-one nearest neighbor matching. The caliper was 0.02. All tests were two-sided, and differences were considered to be statistically significant at P < 0.05.



Result


Patient characteristics

In total, 122 patients diagnosed with cervical malignant tumors and 129 patients with endometrial cancers were enrolled in the present randomized controlled trial. With different kinds of cancer, patients were assigned to the lymph cyst group and nonlymph cyst group separately. Patient's age, BMI, hypertension, antihypertension drugs, blood routine, and biochemical indexes were similar between the two cohorts (Table 1).


TABLE 1 Patient's population.

[image: Table 1]

The incidence of lymph cyst in cervical cancer was 19.7% and 21.9% in endometrial carcinoma. There was no significant difference between the two groups (Figure 1).


[image: Figure 1]
FIGURE 1
Incidence of lymph cyst.



[image: Figure 2]
FIGURE 2
Duration of pelvic drainage..


The various lymph node dissections revealed 23.70 ± 8.5558 for cervical cancer and 25.36 ± 9.13 for endometrial malignance (P = 0.137). The characteristics of the two malignancies are outlined in Table 2. No difference was observed in BMI cervical cancer (CC): 24.01 ± 3.25 vs. endometrial carcinoma (EC): 24.77 ± 3.59; P = 0.079) and albumin (CC: 43.41 ± 4.36 vs. EC: 43.00 ± 3.29 s; P = 0.401) between the cervical cancer and endometrial cancer cohorts. Additionally, no significant difference was perceived regarding the duration of drainage. However, there was a statistically significant elevation in the rate of postoperation radiotherapy in the cervical cancer group (CC: 34.4% vs. EC: 14.7%, P = 0.04) (Table 2).


TABLE 2 Patients’ characteristics.
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Univariate and multivariate analysis for postoperative lymph cyst

The results of the univariate and multivariate analysis of factors associated with postoperative lymph cyst (within 3 months after surgery) are shown in Tables 3 and 4, respectively. In the univariate analyses for endometrial carcinoma, hypertension (OR = 2.779, P = 0.028), CCB (OR = 4.415, P = 0.001), ACEI (OR = 4.409, P = 0.028), and lymph node positivity (OR = 3.389, P = 0.027) were associated with the postoperative lymph cyst. Regarding cervical cancer, the result demonstrated that the number of lymph nodes removed (OR = 1.053, P = 0.049), neutrophil (OR = 1.293, P = 0.016), and NLR (ratio of neutrophils to lymphocytes) (OR = 1.428, P = 0.002) were linked with the development of a lymphatic cyst postoperation. Multivariate logistical regression models were created and shown that radiation (OR 2.593, 95% CI 1.014–6.629, P = 0.047) and neutrophil (OR 1.231, 95% CI 0.991–1.530, P = 0.060) were significantly associated with the postoperative lymph cyst in endometrial carcinoma, CCB (OR 4.915, 95% CI 1.860–12.984, P = 0.001) and radiation (OR 4.756, 95% CI 1.536–14.724, P = 0.007).


TABLE 3 Univiarate and multivariate analysis of cervical cancer for lymph cystis.
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TABLE 4 Univiarate and multivariate analysis of endometrial carcinoma for lymph cystis.
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Patient characteristics for duration of drainage

Hypertension, CCB, and lymph node metastasis were the risk factors according to the median duration of drainage (P < 0.001, P = 0.002, P = 0.035; Table 5).


TABLE 5 Patient characteristics for duration of drainage.
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PSM

The PSM result between two groups is shown in Table 6. Seven variables (age, BMI, radiation, white blood cell, neutrophil, CCB, and the number of lymph node clearance) were selected to calculate the propensity score. After matching, only hypertension and the use of beta receptor blockers were associated with the occurrence of lymphoid cyst.


TABLE 6 Propensity score matching for cystis.
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Discussion

Calcium ion channels are present in the majority of cells of eukaryotic and prokaryotic organisms, which control a variety of cellular functions and regulate vital biological processes. Additionally, they also have been proposed to regulate a variety of biological and physiological processes, ranging from cellular secretions to electrical signaling. The discovery that nifedipine-sensitive voltage-dependent Ca2+ channels (VDCCs) control the regulation of the frequency of lymphatic contractions and the strength of contractions inspired researchers to attempt to develop an understanding of the relationship between lymphatic leakage and CCBs.

However, lymph node dissection was only an option for staging to particular patients, and it did not extend the survival time in patients with early-stage cancer. There is a heated debate in worldwide gynecological oncology circles about lymphadenectomy in early-stage epithelial ovarian cancer and endometrial cancer, with many beliefs in the necessity of a systematic lymphadenectomy for accurate staging. A number of research studies have reported that extensive lymph node dissection significantly increased postoperative respiratory complications and delayed patients’ rehabilitation.

In different studies, the rate of lymphedema complication in patients who underwent systematic pelvic lymphadenectomy for gynecologic malignancies was found to be 4%–35% (11, 12). A systematic pelvic and para-aortic lymphadenectomy still has been conventionally performed as a part of the whole procedure of surgery of gynecologic malignancies.

The existing postoperative complications related to lymphatic leakage after lymph node dissection were mainly studied in breast and gynecological cancers, and the main research was focused on the long-term complication—limb lymphedema caused by regional lymph node dissection. Our study was mainly focused on the short-term adverse reactions of patients after operation including postoperative time with drainage tube, length of hospital stay, and readmission rate within 30 days.

The mechanisms of lymphedema are complex and there is no consensus. In general, it requires the following structural condition for lymphatic leakage: the interruption of the lymphatic circulation pathway and the lymphatic pressure at the damaged site being greater than the tissue fluid pressure or intrabody pressure. Removal of the retroperitoneal lymph nodes during the operation of gynecologic malignancies may result in damage to some major lymphatic vessels and trunks with high pressure and a large flow, resulting in lymphatic leakage. The consensus regarding the most critical risk factors for lymphatic leakage is that the number of removed lymph nodes and having had adjuvant radiotherapy are the most strongly correlated to lymphatic leakage.

The larger the scope of lymph node dissection, the higher the probability of lymphatic vessel injury, which is a common cause of lymphatic vessel obstruction and dilatation. A dissection spanning a larger area is also correlated with the inadequate ligation of thick lymphatic vessels or injury of local lymphatic vessels during the operation.

However, different studies have reported variable outcomes from postoperative adjuvant therapy. Biglia et al. found that neither chemotherapy alone nor the association of consecutive chemotherapy and radiotherapy was associated with an increased incidence of lower limb lymphedema (13). In addition, there have been a few studies investigating the risk factors including BMI, nutritional status, number of removed lymph nodes, lymphedema, and adjuvant radiotherapy in patients having systematic lymphadenectomy (14, 15).

Due to the declining concentration of estrogen declining in most postmenopausal women, women with high blood pressure were mainly reported in the age group of 50 or older. These women were also prone to gynecology malignant tumors (16). CCBs are becoming one the most commonly prescribed drugs, which are gaining popularity due to their fewer side effects and acceptable tolerability. As studies into the role of calcium channel in the contractile function of the lymphatics carry on, association of CCB with the rate of postoperative upper limb lymphedema has been reported in some studies (10, 17). A common mechanism of action for antihypertensive medications is the regulation of calcium signaling and smooth muscle contraction, both of which are fundamental elements in normal lymphatic function. Different calcium channel blockers have been administered in the lymphatic vessels of mice to reduce the contraction frequency and weaken the contraction intensity (5).

At present, there is no effective treatment for lymphatic leakage. Treatment is predominantly divided into conservative treatment and surgical treatment. The main conservative treatments were prohibition, nutritional support, and somatostatin. The key to surgical treatment is to find the target lost lymphatic vessels and accurately ligate them. Due to the change of pelvic anatomy after the operation, the operation is very challenging. Some new methods were proposed. Some cases have reported embolization with fibrin glue and cyanoacrylate glue, but the effectiveness of these methods has not been confirmed. How to make these complications be anticipated as well as prevented in future is our immediate priority. Our study identified a new risk factor for postoperative complications in patients with pelvic lymph node dissection. The results of this study suggest that perhaps changing the use of perioperative antihypertensive drugs could affect the incidence of postoperative lymphoid cysts. However, a prospective cohort study with a larger sample size is needed to prove its reliability.

The major limitation of our study resides in several folds. First, it was a retrospective study, so a prospective study is needed to verify the accuracy of the prediction model. Second, the sample size was relatively small. There are differences in the incidence of lymphatic leakage among different types of cancer, and a larger sample size is needed for further study between groups. While some studies reported that hypertension has been associated with an increased risk of lymphedema, it remains unclear whether it is hypertension alone or hypertension treatment (17, 18). If the sample size is sufficient, it is necessary to analyze different antihypertensive drugs and rule out whether simple hypertension is an independent risk variable for postoperative lymphatic leakage-related complications.
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Author Year Gestation week  HD frequency  HD history (month)  Fetal weight(g)  Apgar Score  Anesthetic technique

Kobayashi (14) 1981 38wk and 6d. Shweek a8 1,320 57 epidural anesthesia
Azuma (15) 1996 38wk 4-week 120 25575 89 spinal anesthesia
Masako (5) 2000 32wk and 3d. Shweek 192 NR 89 general anesthesia
Dhir (10) 2007 36wk Thweek 144 1,729 68 epidural anesthesia
Zencirci (1) 2010 37wk and 5d Yweek 36 2,220 68 spinal anesthesia
Fernandes (16) 2011 NR Fwesk 2 2,000 -9 spinal anesthesia
Cao (17) 2018 31wk and 4d Fweek a8 1,700 8-10 general anesthesia
Zhang Thiscase 36wk and 2d Fweek 72 1,770 10-10 epidural anesthesia
Zhang Thiscase 33wk and 50 Shwesk 72 1,885 99 epidural anesthesia

HD, hemodialysis: NR, not reported.
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Infertiity

Size of OMA, cm
Left

Right
Leiomyoma (%)
Adenomyosis (%)

Non-
dysmenorrhea

77(23.1%)
32.69 £ 550
21.01 £ 2.71

1,09 1.49
033+ 050
4(5.19%)
5 (6.49%)
7(9.09%)
2(2.60%)

81.92 + 107.67
51 (68.00%)

70 (20.91%)
7(9.09%)

567 £2.19
567 +1.68
14 (18.18%)
22 (28.57%)

Dysmenorrhea

257 (76.9%)
3274+523
2115 £ 2,60
096+ 1.21
033+ 0.50
50 (19.53%)
72 (28.12%)
75 (20.30%)

23(8.98%)

101.80 % 219.75

175 (78.22%)

200 (77.82%)
57 (22.18%)

532 £2.07
522 +1.96
46 (18.04%)
108 (42.19%)

P-value

0.941

0.696
0.433
0.958
0.003
<0.001
<0.001
0.062
0.454
0.380
0.010

0.424
0.115
0977
0.032





OPS/images/fmed-09-905688/fmed-09-905688-t002.jpg
Characteristic/group Non- Dysmenorrhea  P-value

dysmenorrhea

Operating time, min 560+ 18.0 68.0+21.3 <0001
Mean bleeding volume, 39.7£259 543+57.7 0.032
ml

DIE (%) 28 (36.4%) 150 (58.4%) <0001
Closed Douglas pouch 43 (65.8%) 198 (77.0%) <0001
©)

Multiooular (%) -
Left 33 (70.2%) 118 (83.1%) 0.056
Right 36 (66.7%) 122 (73.5%) 0333
TAFS score 4464251 521 £25.2 0.083
Stage (%) 0.095
| 1(1.3%) 0(0.0%)

[ 2(2.6%) 8(3.1%)

il 35 (45.5%) 90 (35.0%)

v 39 (50.6%) 159 (61.9%)

Pelvic Endometriosis 0.002
(%)

No 20(30.8) 33(19.0%)

Peritoneal EM 29(44.6) 51(29.3)

DIE 16(24.6) 81(46.6)

Peritoneal EM+DIE 0 93.8)

SUP (%) 0.857
Single 9(26.47%) 25 (28.09%)

Multiple 25 (73.53%) 64 (71.91%)

SUP position (%)

Broad ligament 5(14.71%) 16.(17.98%) 0666
Uterosacral ligament 22 (64.71%) 64 (71.91%) 0.436
Bladder peritoneal 3(8:82%) 11(12.36%) 0581
reflex

Ureter 4(11.76%) 4 (4.49%) 0.144
Rectum 4(11.76%) 7(7.87%) 0.498

Uterus 5(14.71%) 13 (14.61%) 0.989
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Preoperative Postoperative (the day Discharge
after the operation)
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
Blood RBC (x10%/1) 333 359 295 346 3.07 347
Hemoglobin (g/dL) 117 100 101 100 10.6 98
Haematocrit (%) 361 335 314 324 324 315
Platelet count (x10°1) 161 339 146 352 174 324
Coagulation tests INR 092 1.06 - - - =
PT (seconds) 105 122 - - - -
APTT (seconds) 27.4 28 - - - -
Fibrinogen (g/L) 694 522 - - - -
D-dimer (mg/L) 222 1.86 - - - -
Renal function and electrolytes Urea (mmolL) 187 342 189 - 1.6 391
Creatinine (umol/L) 978 927 888 - 666 1011
K (mmollL) a7 a7 41 5.6 41 53
Na (mmol) 139 138 - 136 135 132
Ca (mmolL) 223 231 215 s 207 219
Cl (mmollL) 105 103 - 29 29 93
Total protein (g/L) 62 70 - - 51 -
Albumin (g/L) 35 37 - - 27 -
Arterial blood gases PH 745 7.50 ] - s -
PaCO;, (mmHg) 34 33 - - - -
Pa0, (mmHg) 106 90 - - - -
HCO5 (mmoli) 242 257 - - = 2
Glucose (mmolL) 48 49 - - - -
TEG R (min) 73 54 - - - -
K (min) 14 08 - - - -
Angle (deg) 69.5 802 - - - -
MA (mm) 725 733 - - - -

ACT, sl dotiiey Wi of wiicls bioodt INFL ileinaiii norinaised ili: BT, prolivoibss o APTT. iolviled citial Siciaboukislli i TEG tvorbekisioousti:
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Discharge HD frequency Renal function  BP and medication Anemia and medication  Infant outcome

Gase 1 The third day after operation  3/week stable Normal /~ Sightly lower /~ survived

Gase2 One week afteroperation  3/week stable Sightly higher / nifedipine Slightly lower /EPO survived
controlled-release tablets 30 mg QD

HD, hemodialysis: BP, blood pressure; QD, quaque die; EPO, erythropoletin.
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Variables

Practice of sexual intercourse during pregnancy

Last sex trimester

Reason to return to sexual activity

Help from health care provider

health education from health care provider after delivery

Others”

Yes

No

First trimester
Second trimester
Third trimester
Husband demand for sex
Jointly discussion
Others*

Yes

No

Get

Not get

/omen’s wish to have another child within a short period of time.

Return to sexual intercourse
before 6 weeks of childbirth

<6 weeks

117 (27.8%)
16 (3.8%)
11 (3.1%)

41(115%)

65 (18.3%)

64 (15.4%)

67 (15.9%)
2(0.5%)
38(0.0%)

95 (22.6%)
33 (7.8%)

100 (23.8%)

>6 weeks

238 (56.8%)
50 (11.9%)
10 (2.8%)
73 (20.6%)
155 (43.79%)
181 (31.1%)
154 (36.6%)
3(0.7%)
67 (15.9%)
221 (62.5%)
51(12.1%)
237 (56.7%)

Total

355 (84.3%)
66 (15.7%)
21 (65.9%)
114 (32.1%)
220 (62.0%)
195 (46.3%)
221 (62.5%)
5(1.2%)
105 (24.9%)
316 (75.1%)
84 (20.0%)
337 (80.0%)

Chi-square

0.202

0.77

0.456

0.242

0.090
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Variables Return to sexual activity after childbirth COR 95%CI AAOR 95%CI

<6 weeks >6 weeks
Type of Marriage polygamy 20 (4.8%) 109 (25.9%) 1 1

Monogamy 113 (26.8%) 179 (42.5%) 03(0.17,05) 4.4(21,94)"
Duration of iving together with husband 1-2 years 74 (17.6%) 139 (33.0%) 1 1

3-5 years 35(8.3%) 77 (18.3%) 0.63(0.36, 1.1) 1.3(0.64,2.5)

>5 years 24(6.7%) 72 (17.1%) 0.73 (0.4, 1.4) 1.5(0.7,32)
Occupation Government employee 410.7%) 89 (21.1%) 1 1

Self-employee 30(7.1%) 59 (14%) 08(47,1.4) 028(0.9,19)

Housewife 52 (12.4%) 126 (29.9%) 09055, 1.5) 0.4(0.12,13)

Others™ 10 (2.4%) 14 (3.3%) 05(02,1.3) 0.3(0.01,1.1)
Number of pregnancies Primi-gravid 120 (28.5%) 246 (58.4%) 1 1

Multi gravid 13(3.1%) 42 (10.0%) 064 (0.33, 1.28) 056(0.2, 15)
Parity Primi-Para 46 (11%) 102 (24.3%) 1

Multi-Para 82 (19.5%) 182 (43.3%) 3.7 (0.85, 16) 0.11(0.02,0.81)

Grand- Mult-Para 5(12%) 3(0.7%) 37(086,1585  0.1(0.015,0.72)"
Index of pregnancy status Planned 129 (30.6%) 270 (64.1%) 1 1

Un planned 4(1.0%) 18 (4.3%) 05(0.15, 1.4) 38(0.97, 14.9)
Mode of delivery SVD without episiotomy 107 (25.4%) 211 (50.1%) 1

SVD with episiotomy 16 (3.8%) 45 (10.7%) 06(03,1.8) 1.6(0.6,4)

Cesarean Section 10 (2.4%) 32 (7.6%) 09(0.35,2.2) 09(0.28,2.7)
Postnatal care visit for the last births Yes 93 (22.1%) 164 (39.0%) 1 1

No 40 ©.5%) 124 (29.5%) 06(0.4,0.9) 18(101,8)*
Currently infant feeding practice Exclusive breast feeding 98 (23.3%) 181 (43.0%) 1 1

Formula Feeding 35(8.3%) 107 (25.4%) 06 (0.4, 0.95) 23(13,4)"
Last sex trimester of pregnancy First trimester 113.1%) 10 (2.8%) 1 1

Second trimester 41 (11.5%) 73 (20.6%) 0.38 0,15, 094) 25(09,7)

Third trimester 65 (18.3%) 155 (43.7%) 0.75 (046, 1.2) 1.1(06,1.8)
Help from health care providers Yes 38(9.0%) 67 (15.9%) 1 1

No 95 (22.6%) 221 (525%) 076 05, 1.2) 06027, 15)
Postpartum health education care provider Get 33 (7.8%) 51 (12.1%) 1 1

Not get 100 (23.8%) 237 (56.7%) 065 (0.4, 1.1) 2(08,5.1)

= Statistically significant at p <0.05; 1 = Reference; Others™
Odds Ratio and 95% Cl, 95% Confidence Interval.

student, Non-governmentel organization (NGO) employee and daily laborer; COR, Crude Odds Ratio; AOR, Adjusted
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Variables

Maternal age (in years)

Ethnicity

Religion

Polygamy

Maternal educational status

Maternal occupation

Residence

Duration of living together with husband

15-19
20-24

25-29

30-84

35-49

Oromo

Amhara

Tigre

Other *

Muslim

Orthodox
Protestant

Catholic
Yes

No

No formal education
Primary

Secondary

College and above
Government employee
Self-employee
Housewife

Others **

Urban

Rural

1-2 years

3-5 years

>5 years

Return to sexual intercourse after childbirth

<6 weeks >6 weeks
6(1.4%) 0
29(69) 59 (14%)
41(9.7%) 111 (26.4%)
33(7.8%) 78 (18.5%)
24 (5.7%) 40 (9.5%)
95 (22.6%) 223 (63%)
34(8.1%) 60 (14.3%)
2(0.5%) 0
2(0.5%) 5(1.2%)
12 (2.9%) 28 (6.6%)
103 (31.9%) 220 (652.3%)
15(3.6%) 38 (9%)
3(0.7%) 2(0.5%)
20 (4.7%) 109 (25.9%)
113 (26.9%) 179 (42.5%)
22 (65.2%) 36 (8.6%)
34(8.1%) 70 (16.6%)
23(5.5%) 66 (15.7%)
54(12.8%) 116 (27.6%)
41(9.7%) 89 (21.1%)
30(7.1%) 59 (14%)
52 (12.4%) 126 (20.9%)
10 (2.4%) 14.(3.3%)
94/(22.3%) 203 (48.2%)
39(9.3%) 85 (20.2%)
74 (17.6%) 139 (33.0%)
35 (8.3%) 77 (18.3%)
24 (5.7%) 72 (17.4%)

student, Non-governmental organization (NGO) employee and daily laborer.

Total

6(1.4%)
88 (20.9%)
152 (36.1%)
111 (26.4%)
64 (15.2%)
318 (75.5%)
94 (22.3%)
2(0.5%)
7(1.7%)
40(9.5%)
323 (76.7%)
53 (12.6%)
5(1.2%)
129 (30.6%)
292 (69.4%)
58 (13.8%)
104 (24.7%)
89 (21.1%)
170 (40.4%)
130 (30.9%)
89 (21.1%)
178 (42.3%)
24(5.7%)
297 (70.5%)
124 (20.5%)
213 (50.6%)
112 (26.6%)
96 (22.8%)
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Variables Return to sexual intercourse after childbirth Total

<6 weeks >6 weeks
Number of pregnancies Primi-gravid 120 (28.5%) 246 (58.4%) 366 (86.9%)
Multi gravid 13(3.1%) 42 (10.0%) 56 (13.1%)
History of abortion Yes 17 (4.0%) 35 (8.3%) 52 (12.4%)
No 116 (27.6%) 253 (60.1%) 369 (87.6%)
Index of current pregnancy status Planned 129 (30.6%) 270 (64.1%) 399 (04.8%)
Un planned 4(1.0%) 18 (4.3%) 22(5.2%)
ANC visit during your last pregnancy Yes 128 (30.4%) 277 (65.8%) 405 (96.2%)
No 5(1.2%) 11 (2.6%) 16 (3.8%)
Obstetric related complication Yes 8(1.9%) 24 (5.7%) 32 (7.6%)
No 125 (20.7%) 264 (62.7%) 389 (92.4%)
Place birth for the last delivery Health center 419.7%) 67 (15.9%) 108 (25.7%)
Hospital 87 (20.7%) 205 (48.7%) 292 (69.4%)
Private clinic 0(0.0%) 6(1.4%) 6(1.4%)
Home 5(1.2%) 10 (2.4%) 15 (3.6%)
Mode of delivery SVD without episiotory 107 (25.4%) 211 (50.1%) 318 (75.5%)
SVD with episiotorny 16 (3.8%) 45 (10.7%) 61(14.5%)
Caesarian Section 10 (2.4%) 32(7.6%) 42 (10.0%)
Parity Primi-Para 46 (11%) 102 (24.3%) 148 (35.29%)
Multi-Para 82 (19.5%) 182 (43.3%) 264 (62.9%)

Grand- Mult-Para 5(1.2%) 3(0.7%) 8(1.9%)
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Variables

Postnatal care visit for the last births

Current infant feeding status

Resumption of menstruation after recent birth

Knowledge about modern contraceptive
methods

Statistically significant at p < 0.05.

Yes

No

Exclusive breast feeding
Formula Feeding

Yes

No

Yes

No

Return to sexual intercourse
before 6 weeks of childbirth

<6 weeks

93 (22.1%)
40(9.5%)
98 (23.3%)
35 (8.3%)
77 (18.3%)
56(13.3%)

121 (28.7%)

12 (2.9%)

>6 weeks

164 (39.0%)
124 (29.5%)
181 (43.0%)
107 (25.4%)
156 (37.1%)
132(31.4%)
257 (61.0%)
31(7.4%)

Total

257 (61.0%)
164 (39.0%)
279 (66.3%)
142 (33.7%)
233 (55.3%)
188(44.7%)
378 (89.8%)
43(10.2%)

Chi-square

0.011"

0.029°

0.474

0583
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Case TH-to-  Trigger  Onsetto-  Symptoms Anemia Evisceration Reposiion  Surigical  Typeof ~Suturing  Additional  Antibiotics Follow- Recurrence
No. VCD(E) ewents  consultation prolapsed interventions  suture  method  procedures up(e)
interval interval organs
(@
1 8 Postooitus &h Lower No Bowel vA Leo VCP3s8H  Figure-of- / Yes 791 No
‘abdominal eight
pain +found
the prolapsed
bowel
2 102 Posteoitus 1d Lower No Bowel uA vee VCP3seH  Simple / Yes 237 No
‘abdominal running
pain
o 324 Postcoitus 15h Irregular No Bowel WoA vee VCP3seH  Interiock / Yes 0 Lost of
vaginal follow-up
bleeding +
Lower
‘abdominal
pain
4 80  Postooitus 105h Lower No Bowel uA vee VCP6O03H  Interiock / Yes 884 No
abdominal
pain+
sensation of
buige
5 6 Postooitus 1h Irregular No Bowel WoA vee VCP358H Interiock  Takeaswabfor  Yes 1219 No
vaginal culture(-)
bleeding +
Lower
abdominal
pain + nausea
and vomiting
6 828 Postcoitus 55h Irregular No Bowel uA vee VCPS18H  Figure-of-  MBT of the Yes 1,107 No
vaginal eight + bladder to
bleeding + intemupted  consume
Lower bladder
‘abdominal integrity
pain preoperatively
7 135 Strenuous 2d Irregular No No / vee VCP3sgH  Interrupted / Yes 464 No
activity vaginal
bleeding +
Lower
‘abdominal
pain
8 79 Postooitus 1d Irregular No  Omentum vA vee VCPS18H Intemupted Takeaswabfor  Yes 2,431 No
vaginal cutture(-}+place
bleeding avaginal
drainage-tube
9 14 Postooitus o05h Irregular No Bowel WoA vee VCPS18H  Interiock / Yes 2441 No
vaginal
bleeding +
Lower
abdominal
pain
10 50 During 1d Asymptomatic  No No 2 VCC+  VOP3s8H Interock  MBT of the Yes 814 No
radiotherapy exploratory bladder to
laporoscopy consume
bladder
integrity
intraoperatively
i 105 Posteoitus 2h Lower No Bowel WoA vee 18401 Simple  Creatinine level  Yes 0 Lost of
abdominal running  of drainage follow-up
pain +found
the prolapsed
bowel
12 8 Strenuous 12h Irregular Mild No /3 vee 10 Simple Blood Yes 4,763 No
activity + vaginal Dexon  rumning  transfuison(10U
straining on bleeding + +1200mL)
stool dizziness and
cold sweat
13 8  Postooitus 6h Irregular No Bowel UA vee VCP3seH  Interiock / Yes 3,480 No
vaginal
bleeding +
Lower
‘abdominal
pain +vaginal
discharge
14 770 Postcoitus 8d Lower No  Omentum UA VCC+  VOPGO3H Interiock  Pathological Yes 644 No
‘abdominal laparocopy examination
pain +found (partial
the prolapsed omentectomy
bowels +
vaginal

discharge
methykene blue test.

aPatients who undemwent TH in other hospitals.

+80)

VCD(E), vaginal cuff dehiscence (and evisceration); TH, total hysterectomy; UA, Under anesthesia; WoA, without anesthesia; LCC, Laparoscopic cuff closure; VCC, transvaginal cuff dlosure; BO, bilateral oophorectomy; MBT,
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Patients who had TH
at other hospitals:
N=4

Patients who had
TH at PUMCH:
N=10
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Case  Age Parity Delvery BMI Comordity

No. o kg/m?)

1 48 1 cs 20.14 Breast cancer(had
adjuvant therapy)

2 52 2 VD 2409 DM

3* 54 1 VD 18.90 No

4 52 1 cs 1829 No

5° 44 1 VD 2101 No

6% 31 1 cs 2157 No

7 50 1 vD 2409 No

8 42 1 vD 2323 No

9 53 1 VD 2422 No

10 55 ;| VD 2522 DM, HTN, Hyperlipidemia

1° 44 1 VD 2422 No

12 39 o / 2096 No

13 44 1 cs 2571 Breast cancer(had
adjuvant therapy)

14 40 2 cs 2383 No

VD, vaginal delivery; CS, cesarean section; BMI, body mass index; DM, disbetes

mellitus;HTN hypertension.

Sty wits iclneent T i ol Noaitils:
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Case Indication Menopause Mode of Addiional  Durationof EBL Routeof Typeof Suturing Intaoperative  Postoperative  Adjuvant therapy
No. hysterectomy  procedure  operation  (mL) cuff suture  method  complication  complication
(min) closure
Anemia  Fever
1 Atypical ‘Spontaneous H BSO 0 20 LCC  VCP3s8H  Simple No M No None
endometrial ‘menopause running
hyperplasia
2 Adenomyosis + No H BS 60 30 LCC  VCPSBH  Simple No M No None
Myoma running
3 Ovarian Cyst No TaH BSO NK NK ACC NK NK NK NK NK None
4 Myoma + Ovarian No H BS+UO % 40 LCC  VCP3s8H  Simple No M No None
Oyt nunning
5* Adenomyosis No H BS NK NK NK NK NK NK NK NK None
6 Gervical cancer No LRH BS+LND + NK NK NK NK NK NK NK NK  Chemotherapy
BOS and
brachytherapy
7 Complex No H BS + Removal 60 50  LCC  VCP3s8H  Simple No Moderate  No None
endometrial of ovarian running
hyperplasia + oyst
Ovarian Cyst
8 Myoma No H BS 55 50  LCC  VCP3s8H  Simple No M No None
running
9 CIN+Myoma  Spontaneous H BSO % 50  LCC  VCPSBH  Simple No NK No None
‘menopause running
10 Endometrial Spontaneous H BSO 8 20 LG VCPSIBH  Simple No No No  Brachytherapy
cancer menopause running
1e Gervical cancer No LRH BS+LND + NK NK NK NK NK NK NK NK None
BOS
12 Cervical cancer No H None 100 NK VGG 1-0Dexon Inteock No M No None
13 Myoma+ No H BSO 0 10 LCC  VCPsi8H  Simple No NA No None
Prophylactic running
14 Cervical cancer No LRH BS+LND + 210 40  LCC  VCPSBH  Simple No Moderate  Yes  Chemotherapy
BOS running and
brachytherapy

TH, total hysterectomy; CIN, cenvical ntraepitheel neoplasia; LH, laparoscopic hysterectomy; TAH, transabdominal hysierectomy; LRH, ksparoscopic racicalhysterectomy; NK, not known; BS bileteral salpingectomy; BSO, bietera
salpingo-oophorectomy; UO, uniateral cophorectomy; LND, ymph node dissection; BOS, bilteral ovarian suspersion; EBL, estimated blood loss; LCC, leparoscopic culf closure; ACC, transabdominel cuff closure; VCC,

transvaginal cuff closure.

*Patients who undemwent TH in other hospitals.
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No. FirstAuthor  Publication  Age Imaging results, size, weight Primary surgical procedure  Pathology
year years
Sanjay K 2014 85 Utrasound was unable to identify ovarian cysts, Laparatomy, total excision of  Mucinous
Bhasin (16) showing characteristic ascites. Sweling mass the cyst. That measured cystadenoma
‘measuring 32 cm in a cranio-caudal diection 975 gms by weigh
originating from the pelvis and extending to the
diaphragm reveals fluid density.
2. Eugene 2017 65 Anabdominal ultrasonography suggested a large fiid-  Laparotomy, a right ovarian  Mucinous
Vemyuy Yeika filled multilocular space of right ovarian originwitha  cystectomy cystadenoma
(14) thin coating and intestinal loop migration to the
diaphragm. The cyst is excised with the membrane
intact, dimensions 55 x 52 x 24 cm, weight 10.8g.
3. Sbraogo 2019 25 CT scan of the abdomen and pelvis revealed a Laparotomy, left total Serous ovarian
Kiemtoré (15) unileteral cystic mass (>10 cm). Cyst size 42 cm and  oophorectomy cystadenoma.
weight 19.7 kg
Chipo 2019 48 Computed tomography (CT) which showed a large,  Laparotomy, a total Mucinous
Gwanzura (7) ‘mostly cystic lesion occupying most of the abdomen  abdominal hysterectomy cystadenoma
and peNis.
5. Cipta Pramana 2020 71 Utrasound performed suggested a large, cystic lesion  Laparotomy, left salphyngo-  Mucinous
(17) ‘approximately 25 x 20 x 20 cm originating fromthe  oophorectomy cystadenoma
pelvis.
6.  Banwari Lal 2020 16 Abdominal computed tomography (CECT) revealed a  Laparotomy, a right An ovarian
Bairwa (18) large, multilocal cystic mass measuring 24.3x21.5x  adnexectomy mucinous
2020m. cystadenoma
Cipta Pramana 2021 40 Contrast abdominal CT scan showing a well-defined  Laparotomy, a left salpingo-  Mucinous
(19) mutilocular cystic mass with regular margins (16 cmx  oophorectomy borderiine ovarian
11.94cm x 19.48 cm) in the dominant left abdominal tumor
cavity,
8.  Miyu Tanaka 2021 54 CECT showed that the tumor occupied the entire Laparotomy, remove the right  Ovarian fibroma

o)

‘abdominal cavity (38 cm x 40 cm x 48 cm).

adnexa

Table 1 | Summarizes several case reports on giant ovarian cysts from various authors. The table includes the patient's age, year of publication of the joumal,
imaging resuits, tumor size and weight, surgical procedures performed and histopathological results. Al cases underwent laparotomy surgery procedure, none
were laparoscopic. Most cases underwent salpingo-oophorectomy or adenexectomy (four cases), the others underwent cystectomy, oophorectomy and
Iatwalonw ki bris-ouss sl (7. 14-20k
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Characteristics Before match After match
Cystis group Non-cystis group P-value Cysus group Non-cystis group P-value
(n=52) (n=199) (n=45) (n=45)

Age 5927+ 1091 56.87 2971 0123 58331106 62532832 0.045
BMI 24342377 2442336 0897 2427 £4.00 2455338 0725
Hypertension 32 (61.5%) 95 (47.7%) 0076 25 (55.6%) 38 (84.4%) 0.003

ibetes 12 (23.1%) 2 (16.1%) 0237 11 (24.4%) 8 (17.8%) 0.438
ccB 23 (44.2%) 42 (21.1%) 0.001 16 (35.6%) 18 (40.0%) 0.664
ACEI 7 (135%) 16 (8.0%) 0228 6 (13.3%) 11 (244%) 0178
p 2(3.8%) 13 (65%) 0467 122%) 6 (13.3%) 0.049
Radiation 22 (42.3%) 39 (19.6%) 0.001 16 (35.6%) 16 (35.6%) 1
Lymph node positivity 11 (21.6%) 24 (12.1%) 0.081 9 (200%) 9 (20.0%) 1
Number of lymph node clearance 27.5829.08 2376+ 867 0.006 2642 £7.80 24272887 0229
WBC 7.56+230 683183 0036 704181 749217 0.302
Neutrophil 505217 4312152 0024 4532151 4832193 0413
Lymphocyte 180 (1.39-2.27) 197 (1.54-234) 0.554 1.7 (1.40-2.30) 197 (1.55-2.60) 0.366
Monocyte 044 (0.32-052) 180 (1.39-2.27) 0296 0.4 (0.29-0.49) 0.39 (0.34-0.56) 0491
AST 26771352 2447990 0255 2616+ 13.41 23222753 0205
ALT 249441754 220441585 0251 23481571 1958+ 1092 0174
ALB 42502430 4338370 0144 4238436 4260339 0.789
Cr 6031+ 1257 5884 +12.86 0464 59841234 62.78+18.14 0374
Hb 12367 +24.98 12537+2135 0622 121622575 12698 +17.58 0252

BMI, body mass index; CCB, calcium channel blockers; WBC, white blood cell; AST, Aspartate transaminase; ALT, Alanine transaminase; ALB, Albumin; Hb:

Hermogiabin,
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Characteristics Duration of drainage <5 d (n=141) Duration of drainage >5d (n=110) P-value

Demographics
Age 5642+922 58.58 £10.84 0.089
BMI 2430+328 24.54+3.66 0.589

Medical history

Hypertension 56 (39.7%) 71 (64.5%) <0.001
Diabetes 28 (19.9%) 16 (14.5%) 0272
ccB 26 (18.4%) 39 (35.5%) 0.002
ACEI 9 (6.4%) 14127%) 0.084
p 7 (5.0%) 8(7.3%) 0.444
Radiation 39 (27.7%) 22 (20.0%) 0.160
Lymph node positivity 14 (9.9%) 21 (19.3%) 0.035
Number of lymph node clearance 24824895 2421881 0.588
Laboratory results
WBC 6912201 706188 0.555
Neutrophil 4412182 4522153 0.596
Lymphocyte 193 (1.46-232) 195 (155-231) 0.409
Monocyte 040 (0.32-050) 039 (031-048) 0273
AST 24581142 2542989 0542
ALT 2223+1695 2316 +1529 0.651
ALB 4298421 43472332 0320
Hb 1245942027 12558+ 2434 0.726

BMI, body mass index; CCB, calcium channel blockers; WBC, white blood cell: AST, Aspartate transaminase; ALT, Alanine transaminase; ALB, Albumin; Hb:
Hermagobin.
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Characteristics Univiarate Analysis Multivariate Analysis
OR 95% CI P-value OR 95% CI P-value

Age 1041 0.988-1.096 0.130

BMI 1012 0.899-1.139 0.846

Hypertension 2779 1115-6.927 0.028

Diabetes 2030 0.732-5.632 0174

ccB 4415 1796-10853 0.001 4915 1.860-12.984 0.001
ACEI 4409 1174-16558 0.028

p 0.001 0.001- 0.999

Radiation 3483 1236-9.818 0.018 4756 1536-14.724 0.007
Lymph node positivity 3389 1.146-10025 0.027

Number of lymph node clearance 1046 0.998-1.096 0.061

WBC 120 0937-1.557 0145

Neutrophil 1221 0.895-1.665 0207

Lymphocyte 1381 0-2.724 0351

Monocyte 1050 0.716-1.539 0.804

AST 1101 0.766-1.581 0.604

ALT 1007 0972-1.044 0.684

ALB 1009 0.989-1.030 0378

Hb 0975 0.856-1.110 0.698

BMI, body mass index; CCB, calcium channel blockers; WBC, white blood cell; AST, Aspartate transaminase; ALT, Alanine transaminase; ALB, Albumin; Hb:

Hermoaiobin.
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Characteristics

Age
BMI

Hypertension

Diabetes

CCB

ACEI

p

Radiation

Lymph node positivity

Number of lymph node clearance
WBC

Neatrophil

Lymphocyte

Monocyte

AST

ALT

ALB

Hb

1.053
1.205
1.293
0537
1.976
1.031
1.012
0.909
0.984

Univiarate

95% CI

0978-1.055
0844-1.115
0.459-2.666
0387-3.573
07454933
0.141-3285
0250-6.967

13

-7.742
0337-3.787
1.000-1.108
0.995-1.460
1.048-1595
0277-1.041
0.803-4.867
0992-1.072
0980-1.045
0.808-1.024
0.968-1.001

Analysis

P-value

0.425
0.667
0.823
0774
0.177
0.631
0745
0.013
0.844
0.049
0.057
0016
0.066
0.138
0117
0474
0117
0.065

OR

2593

1231

Multivariate

95% CI

1.014-6.629

0991-1.530

Analysis
P-value

BMI, body mass index; CCB, calcium channel blockers; WBC, white blood cell; AST, Aspartate transaminase; ALT, Alanine transaminase; ALB, Albumin; Hb:

Hermoaiobin.





OPS/images/fsurg-09-937371/crossmark.jpg
©

2

i

|





OPS/images/fmed-09-887877/fmed-09-887877-t002.jpg
OMT use before pregnancy

No OMT

OMT users
Low intensity
High intensity

1,852

1,994

1,501
493

Subjects [n (%)]

48.2
51.8
39.0
12.8

“Model adjusted for age, residential area, monthly income, and CCI.

Controls
n=3846

1,710

2,136

1,622
614

445
56.5
39.6
16.0

Crude OR
(95% CI)

1
0.86(0.79-0.94)
091(0.83-0.99)
0.73 (0.65-0.85)

Adjusted OR*
(95% CI)

P
085 (0.78-0.99)
0.91(0.83-0.98)
0.72 (0.64-0.84)
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Total subjects

Age
Mean (SD)
Monthly income

Low
Median
High
Residential area
Urban
Suburban
Rural
cel
Mean (SD)

SD, standard deviation.

(n=7692)

29,60 (6.21)

6,278(81.6)
1,342 (17.4)
72(09)

4,494 (58.4)
1,432 (18.6)
1,766 (23.0)

0.42 (1.96)

Patients

2960 (6.23)

3,135 815)
678(17.6)
33(0.9)

2,238 (58.2)
716 (18.6)
892(11.6)

0.43(1.99)

3,846 (%)

Controls

n =3,846 (%)

2959 (6.18)

3,14381.7)
664 (17.9)
39(1.0)

2,256 (58.7)
716 (18.6)
874 (22.7)

0.42 (1.94)

P

0.80

0.72

0.68

0.82
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Study Selection Comparability ~ Outcome

design

Cohort Representative- Non- Ascertainment  Outcome of Comparability Assessment Follow-up Adequacy of Risk of bias®

ness of the exposed of exposure interest not of cohorts of outcome duration follow-up
exposed cohort present at based on sufficient
cohort start design or
analysis

Al-Memar et al. (4) 1 1 1 1 1 1 1 1 1 Low
Peixoto et al. (5) 1 1 1 1 1 1 1 1 0 Medium
Naert et al. (6) 1 1 1 1 1 1 0 1 1 Medium
Nagy etal. (14) 1 1 1 1 1 1 0 1 1 Medium
Palatnik et al. (16) 1 1 1 1 1 1 1 1 1 Low

Case- Adequate Representative- Selectionof  Definitionof  Definiionof  Ascertainment Same Non-

control case ness of controls controls controls. of exposure method of response

definition cases ascertainment rate
for cases.
and controls

Ozkaya etal. (17) 1 1 1 1 1 1 0 1 1 Medium
Hashem et al. (18) i 1 1 1 1 1 1 1 1 Low
Kurjak et al. (30) 1 1 1 1 1 1 0 1 0 Medium
Johns et al. (31) 1 1 1 1 1 1 1 1 1 Low

aLow, »7; medium, 5-7: high, <d.
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Study design
Prospective cohort

Retrospective cohort

Retrospective cohort

Prospective cohort

Retrospective cohort

Case-contorl

Case-contorl

Case-contorl

Case-contorl

IUH

268

35

389

187

512

43

59

51

Control

678

748

1,783

6,488

1,024

45

200

136

78

Study participants

Singleton intrauterine pregnancy;
5-1dwecks

Singleton pregnancies with GA; the
presence of IUH, 6-11wecks

Singleton pregnancies; before 14
weeks

The presence of a viable, singleton
gestation and delivery after 24 weeks’
gestation

Had a singleton non-anomalous
gestation, before 14 weeks
Pregnancy between 7 and 14 weeks’
gestation with vaginal bleeding
Singleton viable intrauterine
pregnancy, gestation, 6-14 weeks

Vaginal bleeding, closed cervix, and
ultrasonic findings of a lving embryo
and subchorionic hematorma

Women with vaginal bleeding or lower
abdominal pain at <12 weeks of
gestation with SCH on ultrasound

Exclusion criteria

Women aged under 16 and over 50
years

Non-viable embryos without a
detectable heartbeat and embryos
with pathological features

Women with pregnancy loss before
20 weeks of gestation. multiple
gestations, a vanishing twin, or a fetal
heart rate <100 beats per minute
Anon-viable fetus, multfetal
pregnancy, o fetal abrormality
diagnosed by ultrasonography
Women with mulifetal gestation,
cerclage, or a uterine anomaly
Patients with possible risk factors for
primary end-points

Patients with a non-viable fetus,
mulifetal pregnancy, fetal abnormality,
patients with history of recurrent
miscarriage and with scarred uterus
None

multiple gestations, women with
vaginal bleeding or referred for nuchal
translucency measurement
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Age (%)
<40
40-49
50-59
60-69
>70
Race (%)
White
Black
Other (American Indian/AK Native, Asian/Pacific Islander)
Unknown
Insurance status (%)
Insured
Uninsured
Unknown
Marital status (%)
Married
Unmarried
Separated
Unknown
Histological type (%)
Endometrioid histology
Serous
Carcinosarcoma
Clear cell
Mixed epithelial,
Others
Grade (%)
Well differentiated; Grade I
Moderately differentiated; Grade 11
Poorly differentiated; Grade I11
Undifferentiated; anaplastic; Grade IV
AJCC T stage (%)
T
T2
T3
T4
AJCC N stage (%)
No
N1
N2
Tumor size (%)
<2cm
2-5am
>5cm
Brain metastasis (%)
No
Yes
Liver metastasis (%)
No
Yes
Bone metastasis (%)
No
Yes
Lung metastasis (%)
No
Y

Total

42,073 (100)

1,212 29)
3,650 (8.7)
11,793 (280)
14,762 (35.1)
10,656 (25.3)

33,660 (80.0)
4,018 (9.6)
4,135 (9.8)

260 (0.6)

40,331 (959)
1257 (3.0)
485 (12)

21,472 (51.0)
8,165 (19.4)

10472 (249)
1964 (4.7)

31,462 (74.8)
3,078 (73)
2255 (54)
531 (13)
2,850 (6.8)
1,897 (45)

17,017 (40.4)
11,531 (274)
9,255 (22.0)
4270 (10.1)

33,664 (80.0)
3,168 (7.5)
4631 (11.0)

610 (14)

37,320 (88.7)
2,850 (6:8)
1903 (45)

8,377 (19.9)
22,260 (52.9)
11436 (27.2)

42,033 (99.9)
40 (0.1)

41,815 (99.4)
258 (0.6)

41,895 (99.6)
178 (04)

41,470 (98.6)
603 (1.4)

‘The training cohort

29,451 (700)

874 (3.0)
2,571 (8.7)
8,257 (28.0)
10,264 (34.9)
7,485 (25.4)

23,565 (80.0)
2,767 (9.4)

2,939 (10.0)
180 (0.6)

28,263 (96.0)
863 (29)
325 (1.1)

15,069 (51.2)
5,710 (19.4)
7,333 (24.9)
1,339 (45)

22,063 (74.9)
2,153 (7.3)
1,552 (5.3)

368 (12)
1,963 (67)
1,352 (4.6)

11,865 (40.3)
8,153 (27.7)
6,466 (22.0)
2,967 (10.1)

23,555 (80.0)
2,252 (7.6)
3,223 (10.9)

421 (14)

26,185 (88.9)
1972 (6.7)
1,294 (4.4)

5,899 (20.0)
15,632 (53.1)
7,920 (26.9)

29,429 (99.9)
22(0.1)

29,268 (99.4)
183 (0.6)

29,326 (99.6)
125 (04)

29,020 (985)
431 (1.5)

‘The validation cohort

12,622 (30.0)

338 (27)
1,079 (85)
3,536 (28.0)
4,498 (35.6)
3,171 (25.1)

10,095 (80.0)
1,251 (9.9)
1,196 (95)

80 (0.6)

12,068 (95.6)
394 (3.1)
160 (13)

6,403 (50.7)

2,455 (19.5)

3,139 (249)
625 (5.0)

9,399 (74.5)
925 (7.3)
703 (5.6)
163 (13)
887 (7.0)
545 (43)

5,152 (40.8)
3,378 (26.8)

1789 (22.1)
1,303 (10.3)

10,109 (80.1)
916 (7.3)
1,408 (11.2)
189 (15)

11,135 (882)
878 (7.0)
609 (48)

2,478 (19.6)
6,628 (52.5)
3,516 (27.9)

12,604 (99.9)
18 (0.1)

12,547 (994)
75 (0.6)

12,569 (99.6)
53 (04)

12,450 (98.6)
172 (1.4)

4

0313

0.186

0.196

0326

0414

0265

0.488

0119

0.058

0.796

0.452
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Total Patients without lung Patients with lung P
metastases metastases
42,073 41,470 (98.6) 603 (1.4)
(100.0)
Age (%) 0014
<40 1212 29) 1191 (29) 21 (35)
40-49 3,650 (8.7) 3,583 (8.6) 67 (11.1)
50-59 11,793 (280) 11,602 (28.0) 191 (317)
60-69 14762 (35.1) 14577 (35.2) 185 (30.7)
>70 10,656 (25.3) 10,517 (25.4) 139 (23.1)
Race (%) <0.001
White 33,660 (80.0) 33241 (80.2) 419 (69.5)
Black 4018 (9.6) 3,900 (9.4) 118 (19.6)
Other (American Indian/AK Native, Asian/Pacific 4135 (9.8) 4071 (9.8) 64 (106)
Islander)
Unknown 260 (06) 258 (0.6) 2(03)
Insurance status (%) 0.001
Insured 40,331 (95.9) 39,771 (95.9) 560 (92.9)
Uninsured 1,257 (3.0) 1,226 (3.0) 31(5.1)
Unknown 485 (12) 473 (1)) 12 20)
Marital status (%) 0236
Married 21472 (51.0) 21,187 (51.1) 285 (47.3)
Unmarried 8,165 (19.4) 8,032 (19.4) 133 (22.1)
Separated 10472 (249) 10315 (24.9) 157 (26.0)
Unknown 1964 (4.7) 1936 (47) 28 (46)
Histological type (%) <0001
Endometrioid histology 31462 (748) 31,242 (75.3) 220 (36.5)
Serous 3,078 (7.3) 3,026 (7.3) 52 (8.6)
Carcinosarcoma 2,255 (5.4) 2,178 (5.3) 77 (128)
Clear cell 531 (13) 523 (1.3) 8(13)
Mixed epithelial 2,850 (6.8) 2813 (6.8) 37 (6.1)
Others 1897 (4.5) 1,688 (4.1) 209 (34.7)
Grade (%) <0.001
Well differentiated; Grade I 17,017 (404) 16989 (41.0) 28 (46)
Moderately differentiated; Grade IT 11,531 (27.4) 11,462 (27.6) 69 (11.4)
Poorly differentiated; Grade I11 9,255 (22.0) 8971 (21.6) 284 (47.1)
Undifferentiated; anaplastic; Grade IV 4270 (10.1) 4048 (9.8) 222 (36.8)
AJCC T stage (%) <0.001
T 33,664 (80.0) 33,482 (80.7) 182 (302)
T2 3,168 (7.5) 3,069 (7.4) 99 (16.4)
T3 4,631 (11.0) 4,373 (10.5) 258 (42.8)
T4 610 (14) 546 (1.3) 64 (106)
AJCC N stage (%) <0.001
No 37,320 (88.7) 36,949 (89.1) 371 (61.5)
N1 2,850 (6.8) 2710 (6.5) 140 (232)
N2 1903 (4.5) 1811 (4.4) 92 (153)
Tumor size (%) <0001
<2cm 8377 (199) 8357 (20.2) 20 (33)
2-5em 22,260 (52.9) 22,149 (53.4) 111 (18.4)
>5cm 11,436 (27.2) 10964 (26.4) 472 (78.3)
Brain metastasis (%) <0.001
No 42,033 (99.9) 41,449 (99.9) 584 (96.8)
Yes 40 (0.1) 21 (0.) 19 (3.2)
Liver metastasis (%) <0001
No 41,815 (99.4) 41,310 (99.6) 505 (83.7)
Yes 258 (0.6) 160 (0.4) 98 (16.3)
Bone metastasis (%) <0.001
No 41,895 (99.6) 41,380 (99.8) 515 (85.4)
Y& 178 (0.4) 90 (0.2) 88 (14.6)
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Cases of endometrial carcinoma cancer
diagnosed between 2010-2015

(N=80772)
Excluded
<18 years
N=7)
Adult
(N=80765)
Excluded
Diagnosed at autopsy or via
death certificate

Active follow-up
(N-34461)

Final cohort. (N=42073) |

Excluded (N=18402)
1. Grade unknown.(N=21405)
AJCC TN stage unknown. (N=2037+
776)

. Bone metastases unknown. (N=185)

. Brain metastases unknown. (N=14)
Liver metastases unknown. (N=11)
Lung metastases unknown (N=36)

. Tumor size unknown. (N=14088)

. Histological type(N=160)

w

BN LA W

|

The training The validation
cohort (N=29451) cohort. (N=12622)
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Variables

Prolongation of
pregnancy (days)

Preterm premature
rupture of
membranes

Miscarriage or
abortion <24
weeks

Delivery 24-27°°
weeks

Delivery 28 weeks
Delivery 232 weeks

Live birth

Effective  Alpha
size (one-

054 0.05
/ 0.05
/ 0.05
/ 0.05
/ 0.05
/ 0.05
/ 0.05

Power

0.8

0.8

0.8

08

08
08
0.8

Calculated
sample size per
group

44

951

129

10

96
270
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Variables Amnioreduction  Non-amnioreduction P
group (n=16) group (1=30)  value
Operative time (minutes) 31.1£9.2° 27.9£114°  0.179°
30.0 (15.3)" 26.5 (10.5)"
Prolongation of pregnancy ~ 21.321.5° 387£402°  0221°
(days) 145 (21.8) 265 (53.8)
Gestational age at delivery ~ 25.94.5° 28.4+6.1° 0.159°
(weeks)
Preterm premature rupture 5 (31.3%) 11 (36.7%) 0.713°
of membranes, n (%)
Clinical choricamnionitis, 2(12.5%) 1(3.3%) 0.274¢
n (%)
Acute histologic 9/13 (69.2%) 13/22 (59.1%)  0.409°
chorioamnionitis, (%)
Miscarriage or abortion < 6(37.5%) 7 (23.3%) 0.248°
24 weeks, n (%)
Delivery 24-27°° weeks, n 6 (37.5%) 7 (23.3%) 0.248¢
Delivery >28 weeks, n (%) 4 (20.0%) 16 (80.0%) 0.065°
Delivery >32 weeks, n (%) 2 (12.5%) 8(26.7%) 0.236°
Neonatal birthweight (> 1267 +503° 1683+932°  0.196°
24 weeks, g) 1135 (777.5)" 1350 (1200)'
Live birth, n (%) 9 (56.3%) 20 (66.7%) 0.486°
Neonatal birthweight (g) 1331+ 487° 1843+894°  0.140°
1150 (715)' 1575 (1450)
1-min Apgar score 8811.9° 92:16° 0.317°
9.0 (1.5 10.0 (1.5)'
5-min Apgar score 9605 10.00.2° 0.095¢
10.0 (1.0) 10.0 (0.0)'
Neonatal survival, n (%) 9 /9 (100.0%) 20/20 (100.0%) /

"Mann Whitney U test.
"Student’s t-test.
“chi-squared test.
UFisher’s exact test.

“means = standard deviations.

‘median (interquartile range).
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Variables Amnioreduction Non- P value
group (n=16) amnioreduction
group (n=30)
Maternal age (years) 325+4.4° 294543° 0.016°
Gestational age at 229+28° 229+32° 0.993°
cerclage (weeks)
Primigravidity, n (%) 7 (43.8%) 9 (30.0%) 0.351°
Nulliparous, n (%) 12 (75.0%) 19 (63.3%) 0.421°
Previous 425.0%) 7 (23.3%) 0.585°
spontaneous
miscarriage during
first trimester, n (%)
Previous 16.3%) 5 (16.7%) 0.307°
spontaneous
miscarriage during
second trimester, n
(%)
Cervical dilatation 45222 22212 <0.001¢
before operation 40@33) 2.0 (20)
(em)
Cervical dilatation 8 (50.0%) 3(10.0%) 0.004°
before operation
>4 cm, n (%)
White blood cell 146+8.0° 12.7+3.0° 0.960¢
count before 1.7 (4.9) 12.8 (3.3)
operation (x10%1)
C-reactive protein 10.9+5.3° 11.6+9.1° 0.702¢
value before 10.2 (9.0) 80 (12,2

operation (mg/l)

“Student’s t-test.
"chi-squared test.

°Fisher's exact test.

"Mann Whitney U test.
means + standard deviations.
‘median (interquartile range).
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Characteristic

Profession
Doctor

Micwite

Level of expertise among doctors (n = 137)
Specialist

Non-specialist

Gender

Male

Female

Age

<40 years old

240 years old

Place of practice

Government hospital

Private hospital

State in Malaysia where you practice
Kiang Valley

Outside Kiang valley

Education level

Low

High

Years of service

<10 years

=10 years

Total number

278
49

148
130

90
237

194
133

187
140

134
193

40
287

169
168

Number with good knowledge (n = 151)

137
14

%
a7

53
98

80
!

80
7

60
91

16
135

68
83

493
286

60.8
36.2

589
41.4

412
53.4

428
50.7

448
472

40.0
47.0

40.2
525

0.007*

<0.001*

0.004*

0.030"

0.154

0.672

0.403

0.026*

Positive attitude and good knowledge is defined by selecting strongly agree and agree for all 5 statements about DCC as shown in Table 4. Data presented as n (%) and analyzed by

Chi-square test. *Statistically significant difference.
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Item

DCC s good for preterm neonates
who do ot reqire PPV

DCC s good for term neonates who
do not require PPV.

DCC can help to increase iron stores
in term and preterm babies.

DCC has valuable effects that extend
beyond the neonatal period by
increasing the iron stores, which
include improvements in long term
neurodevelopment.

DCC helps in stabilizing the transition
of circulation, lessening the need for
inotropic medications and reducing
blood transfusions, necrotizing
enterocolitis and intraventricular
hemorrhage in preterm babies.

Coding: strong disagree, 2

Mean

3.82

3.94

3.98

3.84

3.80

not sure,

SD

0.88

0.86

0.66

0.70

0.71

agree,

Percentage
agree/strongly
agree
707
762

82.0

673

strongly agree.
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Characteristics

Existence of UCC guidelines/ protocols (n = 95)
Profession

Doctor

Micwife

Level of expertise among doctors (1 = 72)
Specialist

Non specialist

Gender

Male

Female

Age

<40 years old

240 years old

Place of practice

Government hospital

Private hospital

State of Malaysia where you practice
Kiang Valley

Outside Kiang Valley

Education level

Low

High

Years of service

<10 years

=10 years

Existence of set time for UCC for term neonates (n = 116)
Profession

Doctor

Midwife

Level of expertise among doctors (1 = 97)
Specialist

Non-specalist

Gender

Male

Female

Age

<40 years old

240 years old

Place of practice

Government hospital

Private hospital

State of practice in Malaysia

Kiang Valley

Outside Kiang Valley

Education level

Low

High

Years of service

<10 years

210 years

Existence of set time for UCC for preterm neonates (1 = 84)

Profession

Doctor

Micwife

Level of expertise among doctors (n = 69)
Specalist
Non-specialist
Gender

Male

Female

Age

<40 years old

40 years old

Place of practice
Government hospital
Private hospital
State of Malaysia where you practice
Kiang Valley

Outside Kiang valley
Education level
Low

High

Years of service
<10 years

=10 years

Data presented as n (%) and analyzed by Chi-square test.

Specialist includes fellow and consultant. Non-specialist consists of houseman, medical officer and registrar.

Government hospital includes all hospitals under MOH and MOE.

Low education consists of high school and diploma. High education includes bachelor, master and PhD.

Total number

278
49

148

130

237

194
133

240
87

134
193

40
287

169

168

278

49

148

130

237

194
133

240
87

134
193

40
287

169

158

278

49

148
130

90
237

194
133

240
87

134
193

40
287

169
168

Kiang valley consists of areas in Kuala Lumpur and Selangor. *Statistically significant diference.

Number with characteristics

T2
23

42
30

28
67

61
34

83
12

45
50

24
il

52

43

o7

19

55
42

39
7

74
42

88
28

49
67

20
96

60

56

69

15

37
32

28
56

48
36

45
39

18
66

a2
a2

%

259
469

284
23.1

31.1
283

314
256

346
138

33.6
259

60.0
24.7

308

272

349

388

37.2
323

433
325

38.1
316

36.7
322

36.6
34.7

50.0
33.4

365

35.4

248

30.6

25.0
246

311
236

247
2rA

46
23

33.6
202

45.0
23.0

248
26.6

0.003*

0314

0613

0.250

<0.001*

0.133

<0.001*

0.479

0.600

0.397

0.067

0.223

0.454

0.731

0.040%

0.991

0.392

0941

0.167

0.636

0.350

0.006*

0.003*

0.720
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Item

Existing guidelines.
for UCC

UCC practice
following existing
quideline (If
answer YES)

Set UCC time for
term neonate

Time of UCC in
term neonate if
answer YES

Time of UCC in
term neonate if
answer NO

UCC routine”

Occasions for
earlier UCC *

Occasions for later
ucer

Set UCC time in
preterm neonate

Time of UCC in
preterm neonate if
answer YES

Time of UCG in
preterm neonate if
answer NO

Reason of UCC
when neonate is
preterm

UCC time in
elective cesarean
section

If have specific
UCC time in
elective cesarean
section

UCC time in
emergency
cesarean section

If have specific
UCC time in
emergency
cesarean section

Options

Yes

Aways

Most of the time
Sometimes
Never

Yes

No
0-29s

30-59s
1-8min
4-10min
Others
0-29s

30-59s
1-1min 59s

2-3min 59s

4-10min

>10min

Until pulsations have ceased
Untilthe placenta detached
Other

No reason

UCC according to a protocol

UCC to prevent polycythemia or
hyperbiliubinemia

Wait as long as possible; not
worried about polycythemia or
hyperbilirubinemia

Wait until the pulsations have
ceased to optimize blood supply

Wait until normal neonatal
breathing to optimize blood
supply

Administration of meds (€.g.,
oxytocin) during AMTSL

Other
No reason

Low APGAR score
Excessive vaginal blood loss
‘Short umbilical cord

Neonate has Hypothermia
Nuchal cord

Wish of the parents

Pulsations have already ceased

Placental detachment from the
uterine wall

Administration of oxytocin/other
uterotonics

Low position of the infant

To prevent
polycythemia/hyperbiliubinemia
Other

No reason

Umbilical cord s still pulsating

Placentais still attached to the
uterine wall

The mother s breastieeding
No vaginal blood loss

Wish of the parents

Other

Yes

No
0-29s

30-59s
1-8min
4-10min
>10min
Others.
0-29s

30-59s

1-1min 59s

2-3min

4-10min

> 10min

Until pulsations have ceased
Until the placenta detached
Others.

No reason

ECC benefits are important to
pediatricians

DCC benefits are important
Condition of baby is important
Others

Same time as in vaginal delivery

As soon as possible
Cord stripping or miking
Specific UCC time

Not applicable (not obstetrician/
08G traines)

0-29s

30-59s

1-3min

4-10min

>10min

Other

Same time as in vaginal delivery

As soon as possible
Cord stripping or milking
Specific UCC time

Not applcable (not obstetrician/
08G trainee)
0-29s

30-59s
1-3min
4-10min
>10min
Other

*More than one response allowed.
ATMSL, active third stage of labor.

Number of

responses, n

95

232
42

48

116

21
13

R - NI

A2 Fonm~NRY

114
96

31

24
67

252
134

106
18

32
52

13
37

132

51
32

67
109
13
84

243
10

30
Pl

106

115
16
TF
73

25
64
44
121

49

66
56

121

%

29.0

710
442

50.5
53
0.0

355

645
1.2

24.1
2.1
17
09
303

40.3
16.1
33
1.0

6.6

05

19
349
29.4
19.6

10.1

95

4.9

73
205

774
41.0
16.5
11.0
32.4
55

9.8
159

43

4.0
1.3

25
404

156
9.8

27
205
333

4.0
257

743
1.9

35.7
488
24
00
12
432

31.7
12.4
37
0.4
0.4
53
04
25
43

32.4

361
4.6
236
223

76

196
135
370

4.5

61.4
13.6
0.0
a4
182
15.0

202
17.1
10.7
37.0

29

40.0
257

31.4
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Demographic and characteristics

Profession
Obstetric

Pediatric

Micwife

Level of expertise among doctors
Houseman

Medical Officer

Registrar

Specialist

Fellow

Consultant

Gender

Male

Female

Age (years old)

20-29

30-39

40-49

50-59

>60

Place of practice

Private hospital/Matemity Center
Government hospital (KKM)
University/Acaderic hospital
State of Malaysia where you practice
Federal Territory of Kuala Lumpur
Federal Territory of Labuan
Federal Territory of Putrajaya
Johor

Kedah

Kelantan

Malacca

Negeri Sembilan

Pahang

Perak

Peris

Penang

Sabah

Sarawak

Selangor

Terengganu

Education level

High school

Diploma

Bachelor

Master

PhD

Years of service

<1 year

1-5 years

6-10 years

11-15 years

>15 years

Values are number and percentage.

n (%)

206 (63.0)
72 (22.0)
49(15.0)

6(22)
86(30.9)
38(13.7)
53(19.0)

13(4.7)
82(29.5)

90 (27.5)
237 (72.5)

22(6.7)
172 (52.6)
70 (21.4)
54(16.5)
9028

87 (26.6)
187 (67.2)
53(16.2)

73(22.9)
4(12)
49(15)
28(8.6)
7@2)
8(2.4)
3009
17(52)
8(2.4)
15(4.6)
1083

32(9.8)
10@3.1)
8(2.4)

61(18.7)
3009

5(1.5)
35(10.7)
129 (39.5)
153 (46.8)

5(1.5)

7@1)
66(20.2)
96(29.4)
49 (15.0)
109 (33.9)
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Author/year ~ Age Immobility/  Urogenital Symptoms  Cause of the  Size/component Treatment
years anatomy stone
Yoshimuraetal. 11 Yesll yeas Normal Vaginal passage of  Urine retention 43 em” /struvite Transvaginal
2000 (11) stone, recurrent and infection extraction
um
BarMosheetal, 26 No VO Urinary incontinence Urine retention 56 em*/not described Transperitoneal
2000 (12) approach
PLAREet ol 200 4 No VO Urinary incontinence Urine retention  Not described! probably Transvaginal
(13) struvite extraction
PLAREetal, 200 13 No VO Recurrent UTI Recurrent Not described/ calcium Transvaginal
(13) infection phosphate extraction
Cetinkuryun etal, 13 Yes/ 13 years  Normal Urinary incontinence Urine retention 43 cm’/struvite (85%)+  Transvaginal
2001 (14) ‘micronate apatite (15%) extraction
Erginetal, 2002 23 No VO Apareunia Hematocolpos  1x 1 cm*/hemosiderine +  Transvaginal
(15) oxalate + Phosphate + extraction
carbonate + ammonium
Malhotra et al, 2004 21 No VO Apareunia Hematocolpos 88 em/struvite Transvaginal
& extraction
Linetal, 2005 (16) 43 Yesd0yeas  Normal Urinary incontinence Urine retention 10 8 cm?/ not described  Transperitoneal
approach
Hoand Lin, 2008 24 No Transvaginal septum,  Dyspareunia Urine retention 43 cm*/carbonate apatite  Transvaginal
(17) hypospadias extraction
Liwet al, 2008 18) 14 No PVO, urethrovaginal  Urinary Urine retention 22 em’/struvite Transperitoneal
fistula incontinence, approach
recurrent UTI
Ogurkurt etal 2009 6 No Imperforated hymen,  Abdominal pain,  Urine retention 2.5 1.5 em/struvite: Transvaginal
) urethrovaginal fever extraction
fistula
Urbanowicz etal, 11 Yesllyeaws  PVO Urinary Urine retention 6.5 3 am?/struvite Transvaginal
2010 (19) incontinence, and infection extraction
recurrent UTI
Jaspers et al, 2010 5 Yes/5years  Normal Recurrent UTI Urine retention 32 em’/struvite Transvaginal
(20) and infection extraction
Chenetal, 2011 12 No PVO, vesicovaginal  Dysuria Urine retention 87 em’/struvite Transvaginal
(21) fistula and infection extraction
Avsaretal, 2013 22 Yey22yewss Normal Chronic pelvic pain ~ Urine retention 97 em’/struvite Transvaginal
(22) and infection extraction
keda etal, 203 42 Yesd2yewss Normal No symptoms Urine retention  2x 1.5 cm?/struvite (98%)+  Transvaginal
(23) calcium phosphate (2%) extraction
Gunes and Uygun, 11 No Wide vaginal orifice  Vaginal passage of  Urine retention 15 x 15 c/struvite Transvaginal
2014 (20) stone extraction
Casellanetal, 2017 34 Yes3yews  Normal Fever Urine retention 5.1 x 37 em/struvite: Transvaginal
M and infection extraction
Tokgozetal, 2018 14 Yes9yaars  Normal Poor appetite: Urine retention 38 2 am?/struvite Transvaginal
(25) and infection extraction
Wei etal, 2019 (26) 28 No Urethrovaginal fistula ~ Frequency, Urine retention 65 cm/not described Transvaginal
dyspareunia and infection extraction
Xuand Zou, 2020 23 No Urogenital sinus Recurrent abdominal ~ Urine retention 87 em/not described Transvaginal
@) anomaly pain amenorrhea extraction
Fedrigon etal, 2020 61 Yes/15 years  Normal Vaginal bleeding  Urine retention  10.6 x 8.8 cm/struvite (60%) + Transvaginal
(28) calcium phosphate (40%) extraction
Ranawaka et al, 12 No Urogenital sinus Recurrent abdominal  Urogenital sinus 1.4 0.8 cm/not described  Transvaginal
2020 (29) anomaly pain anomaly extraction
Kurmanov etal, 69 No Vesicovagnal fistula ~ Vaginal discharge  Urine retention 5% 0.5 am’/not described  Transvaginal
2022 (30) extraction

PVO, Partial vaginal outlet obstruction.
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Characteristic (Mean  SD) or N (%)

Age, years

BMI, kg/m?
Menstrual history
Menopause status
Symptoms
Vaginal bleeding
Laboratory tests
ALB, g/l

ALP, UL

y-GGT, UL
HCO;, mmol/L
Ultrasound

ET, mm

TJH1 cohort

Benign (n = 311)

40+ 11
221+33

32(10.3)
108(34.7)
HTx44

5419

18417

240+23

8247

EC (n=74)

54+8
245+40

42(56.8)
68(91.9)
388+57
66 +22
27 %27

237 +£3.1

8177

BMI, body mass index; ET, endometrial thickness; CA-125, cancer antigen 125.

RHH cohort

Benign (n = 194)

43+ 10
225+30

23(11.9)

106 (54.6)
419+60
60 + 20

17415

259+23

97+43

EC (n=38)

54 +10
243£37

25 (65.8)
32(84.2)
407£48
7823
21413

r2E2n

149469

TJH2 cohort

Benign (n = 572)

2+ 1
228+34

63 (11)
227 (39.7)
429+42

62426
20425

237+22

73444

EC (n = 143)

54+8
249+36

78(54.5)

128 (89.5)
41.8+39
71420

26423

237+23

6.1+58
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TJHPEC LR RF GBDT

Internal validation cohort (TJH1)

AUC (95% C) 0.9346 (0.9108-0.9584) 0.9175 (0.8901-0.9449) 0.932 (0.9077-0.9563) 0.9335 (0.9095-0.9575)
Accuracy (95% C) 91.17% (88.33-94.00%) 88.83% (85.68-91.98%) 89.61% (86.56-92.66%) 90.65% (87.74-93.56%)
Sensitivity (95% C) 86.49% (78.70-94.28%) 79.73% (70.57-88.89%) 89.19% (82.11-96.26%) 86.49% (78.70-94.28%)
Specificity (95% C) 92.28% (89.32-95.25%) 91.00% (87.82-94.18%) 80.719% (86.33-93.00%) 91.64% (88.56-94.729%)
PPV (95% Cl) 72.73% (63.42-82.03%) 67.82% (58.00-77.63%) 67.35% (58.06-76.63%) 71.11% (61.75-80.48%)
NPV (95% Cl) 96.63% (94.58-98.68%) 94.97% (92.48-97.45%) 97.21% (96.31-99.12%) 96.61% (94.55-98.68%)
F1 0.7901 07329 07674 07805

Kappa 0.7347 06629 07022 07218

Brier score 0.083 0112 0.104 0094
External validation cohort (RHH)

AUC (95% C) 08341 (0.777-0.8912) 0831 (0.7732-0.8888) 0.8196 (0.7593-0.8799) 0.8265 (0.7677-0.8853)
Accuracy (95% CI) 81.03% (75.99-86.08%) 78.02% (72.69-83.35%) 77.16% (71.75-82.56%) 80.60% (75.52-85.69%)
Sensitivity (95% C) 57.89% (42.20-73.50%) 60.53% (44.99-76.07%) 71.05% (56.63-85.47%) 60.53% (44.99-76.07%)
Specificity (95% Cl) 85.57% (80.62-90.51%) 81.44% (75.97-86.91%) 78.35% (72.56-84.15%) 84.54% (79.45-89.62%)
PPV (95% Ci) 44.00% (30.24-57.76%) 38.98% (26.54-51.43%) 30.13% (27.61-50.65%) 43.40% (30.05-56.74%)
NPV (95% Cl) 91.21% (87.09-95.32%) 91.33% (87.14-95.62%) 93.25% (89.40-97.10%) 91.62% (87.56-95.68%)
F1 05 0.4742 05047 05055

Kappa 0.3857 03434 0372 03889

Brier score 0.19 022 0228 0.194
External validation cohort (TJH2)

AUC (95% C) 08649 (0.8377-0.8921) 0.8574 (0.8203-0.8855) 0.8544 (0.8259-0.8829) 0.8607 (0.833-0.8884)
Accuracy (95% C) 80.98% (78.10-83.86%) 78.88% (75.89-81.87%) 79.30% (76.33-82.27%) 81.12% (78.25-83.99%)
Sensitivity (95% C) 80.42% (73.92-86.92%) 81.829% (75.50-88.14%) 86.01% (80.33-91.70%) 81.129% (74.70-87.53%)
Specificity (95% Cl) 81.12% (77.91-84.33%) 78.15% (74.76-81.53%) 77.62% (74.21-81.04%) 81.12% (77.91-84.33%)
PPV (95% Ci) 51.57% (45.01-58.13%) 48.35% (42.05-54.64%) 49.00% (42.82-55.19%) 51.79% (45.24-58.33%)
NPV (95% Cl) 94.31% (92.26-96.36%) 94.50% (92.45-96.56%) 95.69% (93.84-97.54%) 94.50% (92.48-96.52%)
F1 0.6284 0.6078 0.6244 06322

Kappa 05087 0.4761 0.4959 05133

Brier score 0.19 0211 0207 0.189

GBDT, gradient-boosted decision tree; LR, logistic regression; RF, random forest; AUC, area under the receiver-operating characteristic curve; PPV, positive predictive value; NPV,
negative predictive value; 95% CI, 95% confidence interval.
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Factors Group 1 Group 2 overall P-value

(n=98) (n=92)
Latency period (hours) 7(5-12.5) 725 (46.5-147.5) 22(7-70.5) <0.001
Maternal age (vear) 30032 305+ 42 30337 0362
Atwork 50 (51%) 45 (48.9%) 95 (50%) 0772
Primipara 87 888%) 80 (87%) 167 (87.9%) 0701
History of PPROM or preterm birth 0(0%) 1(1.1%) 1(05%) 0.484
Prepregnancy BMI (Kg/m?) 21.4 (19.0-23.6) 21.1(19.4-23.1) 21.3(19.2-23.6) 0.870
GA at PPROM (weeks) 3237 31417 3211/7(800/7-33 1/7) 0,001
(810/7-333/7) (203/7-326/7)
White blood cell (*10%/L) 9(7-11) 9(8-11) 9(7-11) 0622
Neutrophil ratio (%) 775+84 782+ 658 77876 0519
C-reactive protein (mg/L) 5(2-13) 5(1-10) 5(2-11) 0.401
Procalcitonin 20.05 ng/mL 50 (57.5%) 37 (42%) 87 (49.7%) 0.041
Conception by IVF 72 (73.5%) 69 (75.0%) 141 (74.29%) 0810
Dichorionic diamniotic 86 (87.8%) 78 (84.8%) 164 (86.3%) 0551
Bishop score >4 64 (65.3%) 25 (27.2%) 89 (46.8%) <0.001
Presence of contraction 69 (70.4%) 26 (28.3%) 95 (50.0%) <0.001
Use tocolytic agent 14 (14.3%) 45 (48.9%) 59(31.1%) <0.001
Positive GBS 5(10.2%) 1(1.8%) 6(5.7%) 0.084
Positive vaginal microbial 13 (21.7%) 21 (24.4%) 34 (23.3%) 0699
Gestational diabetes melitus 29 (20.6%) 22 (28.9%) 51(268%) 0377
(o3 13 (18.3%) 6(6.5%) (10.0%) 0.122
HOP 9(9.2%) 5(5.4%) 14.(7.4%) 0323
Cervical insufficiency 5(5.1%) 2(2.2%) 78.7%) 0284

Data are presented as n (%) or median (interquartie, Q1-Q3) or mean < standard deviation.
All unknown data were not inclded in the analysis.

PPROM, preterm premature rupture of membranes; BMI, body mass index; GA, gestational age; IVF, in vitro fertlzation; GBS, group B streptococcus; ICR, itrahepatic cholestasis of
pregnancy; HDCP, hypertensive disorder of pregnancy.
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Factors OR (95% Cl)

GA at PPROM (days) 1.0 (1.00-1.05)
Uterine contraction 5.57 (2.26-13.75)
Bishop score 267 (1.10-6.48)
Use of tocolyticagent  6.50 (2.68-15.79)
Serum PCT (ng/mL) 203 (0.96-4.30)

Comparison

continuous
Present ref absent
>dref <4
Present ref absent
20,05 ref <0.05

P-value

0.038
<0.001
0.030
<0.001
0.066

Re, reference; OR, odds ratio; Cl, confidence interval; GA, gestational age; PPROM,
preterm premature rupture of membranes; PCT, procalcitonin.
OR > 1 indicates improved odds of short latency period relative to the comparison group.
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Factors Group 1

(n = 98/196)
Obstetric outcomes
GA at delivery (weeks) 32477

(31 1/7-333/7)
Placental abruption 6(6.1%)
Cord prolapse 6(6.1%)
Oligohydramnios 19 (19.4%)
Clinical choricamnionitis 6(6.1%)
Cesarean section 86 (87.8%)
Indications for termination
Proterm labor 69 (70.4%)
Complications 29(206%)
Pregnancy lasted 34 weeks 0(0%)
Neonatal outcomes
Birth weight (Kg) 1.80 (1.55-2.00)
Foetal or neonatal death 8(4.1%)
Admission to NICU 54(28.7%)
Neonatal sepsis 36(19.1%)
Respiratory distress syndrome 64 (34.0%)
Necrotizing enterocolitis 14 (7.4%)
Intraventricular hemorrhage 15 (8.0%)
Retinopathy of prematurity 22(11.7%)
Bronchopulmonary dysplasia 12 (6.4%)

The resut of neonatal complications excluded dead fetus and newborns.
GA, gestational age; NICU, neonatal intensive care unit.

Group 2
(n =92/184)

32377
(296/7-333/7)
4(4.3%)
2(2.2%)
23(25.0%)
15 (16.3%)
80 (87.0%)

45 (48.9%)
38 (41.3%)
9(9.8%)

1,65 (1.34-1.93)
15 (8.2%)
54 (32.0%)
42 (24.9%)
53 (31.4%)
22(13.0%)
12/(7.1%)
20(11.8%)
15 (8.9%)

Overall

323/7(308/7-33/7)

10 (5.3%)
8 (4.2%)
42 (22.1%)
21 (11.1%)
166 (87.4%)

114 (60.0%)
67 (35.3%)
9(4.7%)

1.74 (1.43-1.95)
23(6.1%)
108 (30.3%)
78 (21.8%)
117 (32.8%)
36(10.1%)
27 (7.6%)
42(11.7%)
27 (7.6%)

P-value

0.566

0.748
0.176
0.352
0.025
0.868
<0.001

0.020
0.096
0.507
0.193
0.690
0.081
0.754
0.969
0.374
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Number  BMI (kg/ Age Admission blood pressure Reproductive ‘Time for symptoms of
e <

(years) (mmHg) history prolapse

1 25.10 50 166/111 2012 5 months
2403 68 111768 3013 10 years

3 2258 64 128/64 1:02-1 4 months
4 2264 73 144/81 2002 6 years
5 2394 58 142/88 2012 5 years
6 2324 54 144197 3003 6 months
7 1963 48 112/81 2022 3 years
3 2203 72 154/68 2012 1 years
371 53 131/87 1021 4 months

10 2402 65 108/86 1011 5 months
1 2267 75 132174 3003 6 months
12 2243 74 145/83 1 years
13 2352 68 133/68 1:02-1 2 years
14 27.11 56 138/90 1:00-1 2 months
15 2123 59 138/80 3003 5 years
16 2683 43 125/91 1021 8 years
17 2305 75 149775 3023 5 years

18 2497 72 147/85 2002 10 years
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Outcome SSLF (n=30) SvNOTES (n=30) P-value

PFDI-20 score
Preoperative 1621392 1641431 031
2-year follow-up 13.83+035 1102031 002
P-value 0.006 <0.001 -
PFIQ7 score
Preoperative 193.61 +46.09 194,68 +45.21 059
2-year follow-up 90.6+105 707 %102 001
P-value <0.001 <0.001

POPDI-6 score

Preoperative 358498 378+105 056

2-year follow-up 99+18 68+17 002

P-value <0.001 <0.001 -
UDI-6 score

Preoperative 294+25 30928 066

2-year follow-up 98+15 65515 001

Pvalue <0.001 <0.001 -
CRADI

Preoperative 255131 2589+34 008

2-year follow-up 122221 81227 003

P-value <0.001 <0.001 -
FSFI score

Preoperative 5:2 423 045

2-year follow-up 20:3 30+2 003

P-value 0.03 0.02 -

*Values are given as mean + SD unless indicated otherwise.
Bol vakae widicated b valie Was meapinofl.
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POP-Q SSLF (n=30) SYNOTES (n=30)

P-value

6 months
Aa -26104
Ba -25103
Ap 25102
Bp
C
TVL 72+0.7
12 months
Aa
Ba
Ap -22+02
Bp
@
TVL 69405
24 months
Aa
Ba
Ap -20+07
Bp -21205
c 6704
TVL 6.7+0.5

2605

2503
2404
—24+01

-7.7+02

063
053
036
028
<0.001
<0.001

032
023
055
044
<0.001
<0.001

006
013
071
054
<0.001

<0.001

Values are given as mean + SD unless indicated otherwise.
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SSLF  SvNOTES  P-value
(n=30) (n=30)

Stress urinary incontinence (SUT)

Before surgery 15 18 045

After surgery = = =

Improved 10 16 0.02

Persistent or worsened 2 o -
ndwelling time of the catheter (days) 72 451 0.003
Residual urine (ml) 11012 90 =10 0.01
Relapse of prolapse 4 1

*Values are given as number (percentage) or number unless indicated
otherwise.
Bold value indicated p value was meaningful.
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Outcome SSLF SYNOTES P-value
(n=30) (n=30)

Decrease in oxygen 0 1 -
saturation

Conversion to surgery 0 1 -
Blood loss (ml) 8010 20+14 002
Operative time (minutes) 30215 60+13 004
Postoperative stay (days) 321 422 002
Injury 1 0 -
Postoperative fever 1 0 0.004
Pain 3 7 0.003
Delayed hemorrhage 0 0 =
Infection 0 0 -
Abscessus 0 0 -

Values are given as mean + SD or number (percentage) unless indicated
otherwise.
Bold value indicated p value was meaningful.
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Symptom

(a) Somatic symptom
Hot flashes

Cardiac symptom

Sleep disturbance

Joint and muscle discomfort

(b) Psychological symptom

Depressive mood

Anxiety

Initabilty

Physical and mental exhaustion

(¢) Genitourinary syndrome of menopuse
Sexual problem

Bladder problem

Vaginal dryness

Premenopausal

346
222 (13,17,31)
11.0(13,17,31)
24.9 (13,17,18,24,26,31)
53.8(13,21,31)
284
32.4(13,17,2131)
35.8(13,21,31)
23.6(13,17,2131)
215(13,17,31)
19.2
22.4(1331)
33.6(13,31)
39(13,31)

Prevalence (%)
Perimenopausal
295

52.9(13,17,27,31,32)
26.4 (13,17 27,31,32)

36.4 (13,17,24,26,27,29,31,32,39)

46.4(13,31,32)
4241
51.9(18,17,27,31,32)
54.6(18,27,31,32)
27 (13,17,31,32)
31.9(13,17,31,32)
31.9
45(13,32,32)
31.9(13,27,31,32)
31.9(13,31,32)

Post-menopausal

526
59.7 (13, 17,27,31,2)
41.8(13,17,27,31,32)
45.1(13,17,18,24,26,27,31,38)
69.9(13,21,31,32)
49.4
43.7 (13,17,27,31,82)
52.0(18,21,27,3132)
51.7(13,17,31,32)
52.2(13,17,31,32)
55.1
56.1(13,31,32)
62.1(13,27,31,32)
39.9(31,32)
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Variables

Pelvic organ prolapse

Spearman’s correlation p-value
Age 0582 <001
Age at menopause 0083 0.531
Years from menopause 0618 <001
BMI 0074 0575
Parity 0015 0911
CD44 -0.308 0.017*
MMP-2 0.467 <0.01*
MMP-9 0.346 <0.01*
TGF- 0.132 0317

BMI, body mass index.
“Statistically significant.
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Variable Case (1=30)  Control (n=30)

Age, years (mean + SD) 63.9:6.30 55.0+5.60

Age at menopause, years  50.4+2.97 50.0+2.66
(mean +SD)

Years from menopause 13527.73 5.03:4.85
(mean +SD)

BMI (mean + SD) 241533 246298

Parity (mean + SD) 2.07+098 1.90+0.66

Hypertension, n (%) 18 (60) 10(33.3)

Diabetes, (%) 10 (33.3) 3(10)

SD, standard deviation; BMI, body mass index.
“Statistically significant.

p-value

<0.0001*
0.5536

<0.0001*

0.6517
0.6796
0.038"
0.089
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Case
report

Iwasa
etal.
(15

School
meester
etal.
(14)

etal.
@1

Ando
etal.
(18)
Remo
etal.
©2)
Suzuki
etal.
(19

Rabban
etal.
(13)

Number of
patients
involved

three cases

19 cases

eight cases

three cases

one case

one case

26 cases

Age, median
and range

59 years old,
(47-71 years
old)

56.3 years old
(35-71 years
old)

56 years old
(36-74 years
old)

46.7 years
old, (44-49
years old)
44 years old

47 years old

56 years old
(31-79 years
old)

Disease type

one case of cervical
squamous cel carcinoma
and two cases of
endometrial
adenocarcinoma

five cases of ovarian cancer,
nine cases of uterine body
cancer, one case of adult
ovarian granulosa cell
tumor; one case of cervical
squamous cel carcinoma,
one case of high-grade
serous carcinoma of the
fallopian tube, one case of
hysteromyoma and one
case of sporadic LAM

four cases of uterine body
«cancer, two cases of ovarian
cancer and two cases of
cervical cancer

one case of endometrial
carcinoma and two cases of
hysteromyoma

Cervical mucinous
adenocarcinoma

Endometrial carcinoma is
complicated by systemic
lupus erythematosus.

17 cases of uterine cancer,
five cases of ovarian cancer,
three cases of cervical
‘cancer, one case of bladder
cancer

Immunohisto
chemistry

«-SMA, desmin,
HMB4S, ER, PR,
D2-40 were
positive

HIMBAS, -catenin
were positive

@-SMA, HVIB45
were positive

«-SMA, HMB4S,
D2-40 was
positive
«-SMA,HMBAS
were positive

«-SMA,
caldesmon, Melan
A, HMB45 and ER
were positive
«-SMA(23/23),
HMBA5(24/25),
ERand D2-40
were positive

TsC

Nothing

Nothing

Nothing

Nothing

Nothing

Nothing

cases

Develop into
lung LAM

No

one case

No

Yes

No

No

Follow up time,
median and
range

27.3 months,
(20-39 months)

33.8 months,
(3123 months)

26 months,
(4167 months)

11.3 months

(4-18 months)

10 months

Not specified

18 months (3-156
months)

Prognosis

Al survived

One case
dled of
uterine serous
carcinoma 23
months after
the operation,
one case of
sporadic LAM
persisted,

and the rest
survived,

Al survived

Al survived

survived

survived

All survived;
one case had
alocal
recurrence of
uterine body
cancer.
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Univariable Multivariable

OR 95% Cl p value OR 95% Cl p value

Age 0163

<40 References

40-49 0847 0488-1.471 0556

50-59 0767 0466-1.261 0295

60-69 0.634 0386-1.042 0072

>70 0,657 0396-1.090 0104
Race 0622

‘White References

Black 2530 1983-3.228 <0.001

Other 1337 0986-1.814 0062

Unknown 0441 0062-3.156 0415
Marital status 0217

Married References References

Unmarried 1259 0.987-1.607 0064

Separated 1069 0844-1.354 0381

Unknown 1330 0.868-2.038 0190
Insurance status 0002 0.010

Insured References References

Uninsured 1912 1249-2.927 0003 1525 0950-2.448 0.080

Others/Unknown 1989 1018-3.886 0044 2550 1238-5.256 0011
Tumor size <0.001 <0.001

<2em References References

2-5cm 1575 0941-2.637 0084 0999 0583-1712 0.997

>5cm 14565 9.055-23.429 <0.001 2949 1.763-4.933 <0.001
Grade <0.001 0.000 <0001

Well differentiated; Grade I References References

Moderately differentiated; Grade I 3340 1.999-5.582 <0001 2046 1206-3471 0.008

Poorly differentiated; Grade I11 18374 11713-28.822 <0.001 5749 3509-9.419 <0.001

Undifferentiated; anaplastic; Grade IV 31724 20085-50.107 <0001 5.646 33299575 <0.001
AJCC T stage <0.001 <0001

T References References

T2 4993 36916755 <0.001 1761 1250-2.481 0.001

T3 10746 8587-13.448 <0.001 3103 2361-4.079 <0.001

T4 20762 14596-29.535 <0.001 4155 2733-6316 <0.001
AJCC N stage <0.001 <0.001

No References References

N1 4967 3916-6302 <0.001 1542 1.160-2.050 0.003

N2 5384 4101-7.069 <0.001 1735 1256-2.397 0.001
Bone metastasis <0.001 <0.001

No References References

Yes 79.959 55.486-115.227 <0.001 15.099 9.769-23338 <0.001
Brain metastasis <0.001 <0001

No References References

Yes 47.587 20232-111.930 <0.001 10055 3.681-27.461 <0.001
Liver metastasis <0.001 <0001 <0001

No References References

Yes 54979 40.199-75.195 <0.001 8535 5.841-12471 <0.001
Histological type <0.001 <0.001

Endometrioid histology References References

Serous 2460 17223513 <0.001 0623 04150933 0.022

Carcinosarcoma 4935 3.609-6.747 <0.001 0914 0.639-1308 0.624

Clear cell 0373 0052-2.671 <0.001 0.098 0013-0711 0.022

Mixed epithelial 1981 1322-2.968 0326 0863 0557-1336 0.508

Ot 17083 13.571-21 505 0.001 4430 239626015 <0.001
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HIFU Hysterectomy £
(n=241) (n=535) value
Age 0.000
<30 years 12 (5) 0(0)
31-40 years 134 (55.6) 62 (11.6)
41-50 years 93 (38.6) 432 (80.7)
>50 years 2(0.8) 41(7.7)
Reproductive desire 0.000
Yes 146 (60.6) 2@
No 95 (39.4) 513 (95.9)
Work status 0.000
Patients with jobs 180 (74.7) (51.4)
Teinpocaiy job 58 (23.7) 220 (41.1)
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Pre-treatment Post-treatment 2P

l surgery Lap pic surgery T bd I surgery Lap pic surgery

group (n=31) group (n=33) group (n=31) group (n=33)
Hemoglobin 99.71+ 1840 (72-138) 109.52 +19.41 (79-144) 117.13 1038 (102-142) 118,97 £9.01 (102-135) 000 .000
value (g/L)
CA125 (U/ml) 11155%133.96 (11.71-749.90) 7487 +63.10 (17.38-249.80) 12,542 853 (4.58-45.36) 1571 9.18 (7.36-4535) 000 000
Dysmenorrhea score 839067 (7-9) 7.68+138 (7-9) 1.23+0.67 (0-2) 148062 (1-3) 1000000
(points)
Menstrual volume 13029+ 12.94 (105-162) 129.09 + 24.06 (106-166) 21.87£7.50 (3-31) 2276+1050 (3-48) 000 .000
score (points)
Uterine volume (cm®)  198.80 +80.64 (87.55-340.70) 14720 +63.80 (76.58-33595)  38.83+ 15.14 (16.47-73.36) 4951 17.08 (14.71-80.70) 000 .000

Hemoglobin value is for 3 months post-treatment; CAL25 s for 1-month post-treatment; dysmenorrhea score and menstrual volume score are for the first menstrual
period after GnRH-a injection; uterine volume is for 3 months post-treatment. P: Statistical analysis of a surgery group p and
post-treatment

“p- Statistical analysis of a surgery group pr and pos
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Operation- Subgroups
:fltaled Tromsabdorninal Lap i P
surgery group group
(n=31) (n=33)

Operation time
(min)

Intraoperative
o B i)

143.71+32.51 (75-230) 13455+ 46.10 (70-260) 360

198.06 = 145.93 (30-500)  54.85 + 43.02 (20-200) 000
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Observed indices Pre- Post- P
treatment treatment

Hemoglobin value (g/L) 10477 =19.41 11808967 000

(56-144) (105-142)

CA125 (U/ml) 9264 +104.45 1418895 2000
(9.38-245.8) (458-45.36)

Dysmenorrhea score (points) 813+075 136+ 0.65 2000

(7-9) (0-3)

Menstrual volume score 13142 +13.25 2252+9.18 2000

(points) (106-166) (3-48)

Uterine volume (cm’) 17361 +76.49 4498+1697 000

(76.58-340.70)

(16.47-82.19)

Hemoglobin value s for 3

; CAL25 is for 1-month post-

treatment; dysmenorrhea score and menstrual volume score are for the first
menstrual period after GnRH-a injection; uterine volume is for 3 months

ost-treatment.
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Characteristics

Mean age * SD, years
Average time with clinical symptoms = SD, years
Preoperative BMI + SD, kg/m®
Fertility history, n (%)

n=0

n=1

n22
Abortion history, (%)

n=0

n=1

n22
Complications, 1 (%)

Leiomyoma

Endometriosis

Leiomyoma and endometriosis

No leiomyoma and endometriosis

4220539
502472
2402359

203)
41 (64)
21 (33)

14 (22)
13 (20)
37 (58)

18 (28)
36 (56)
9 (14)
19 (30)
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PRPgroup  Control group P-value

(n=138) (n = 150)
Endometrial thickness, mean £ 980 + 2.27 1006£2.16 0320
SD (Endometrial conversion day)
Number of embryo transfers, 1.48+0.50 1404050  0.176
mean  SD
Number of blastocysts, n (%)~ 60/138(43.48) ~ 62/150(41.33)  0.713
Number of cleavage-stage 78/138(57.78)  88/150(88.67)  0.713
embryos, n (%)
Positive B hCG rates, n (%) 62/138 (44.93)"  45/150 (30.00%) <0.01*
Implantation rate, n (%) 56/206(27.18)  87/210(17.62)  0.067
Biochemical pregnancies, n (%) 12/138(8.70)  8/150(6.67)  0.156
Clinical pregnancies, n (%) 50/138(36.23)  37/150 (24.67)  0.040"
Spontaneous miscarriages, n (%) 9/50 (18.00)  10/37 (27.03)  0.454
Live births, n (%) 411438(20.71)  27A50(14)  <0.01*

“Indicate significant differences between the two groups.
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Uterine atony Placental site bleeding P-value

(n=482) (n=121)
Maternal age (years) 325+£45 334£47 0.143
Pre-pregnancy BMI (kg/m?) 284+4.1 23.7+43 0.312
Nuliparous 275 (57.1) 51(42.1) 0.004
Multiple gestation 110 (22.8) 22(18.2) 0.325
Premature birth 29(60) 18(14.9) 0.002
Induction of labor 195 (40.5) 25(20.7) <0001
History of PPH 49(10.2) 19.1) 0.741
Antenatal hemoglobin (mg/d) 115+ 1.4 116£15 0.883
Delivery mode
Cesarean 213(44.2) 50 (42.1) 0.569
Vaginal 269 (55.8) 71(57.9)
Surgical hemostatic before IUBT
None 330 (68.4) 79(65.3) 0.154
Intrauterine suture 130 (27.0) 31(25.6)
B-Lynch suture 22(46) 11(9.1)
Uterotonics before UBT
Oort 43(89) 21(17.4) 0.009
>2 439 (91.1) 100 (82.6)
Time from birth to IUBT (min) 45 (15-80) 45 (15-75) 0.082
Duration of IUBT (1) 18356 187485 0.442
1UBT volume (mi)
<250 24(50) 8(6.6) 0.371
250-350 432 (89.6) 103 (85.1)
>350 26(5.4) 10(8.3)
Postpartum S
<1 30(62) 13(10.7) 0.145
1-14 340 (70.6) 86(71.1)
215 112(232) 22(18.2)

The values are given in the form of a number (percentage) or mean < SD or medlan and
interquartile range.

The Chi-square test were used for categorical variables. The independent sample t-tests
or Mann-Whitney U-tests were used for continuous variables.

BM), body mass index; IUBT, intrauterine baloon tamponade; PPH,
postpartum hemorrhage.
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Outcome

Endometrial cancer

Ovarian cancer

Lung cancer

References

Chen et al. (43)

Huetal. (7)

Lietal (21)

Jia et al. (52)

Ferraro et al. (20)

Yang et al. (48)

Huang et al. (53)

Cheng et al. (42)

He et al. (15)

Outcomes rated

SE

SP

SE

SP

SE

SP

SE

SP

SE

SP

SE

SP

SE

SP

SE

SP

SE

SP

Downgrade factors

Risk of bias

No serious

No serious

No serious

No serious

No serious

No serious

Serious limitation®

Serious limitation®

Serious limitation®

Serious limitation®

Serious limitation®

Serious limitation®

No serious

No serious

No serious

No serious

Serious limitation®

Serious limitation®

Imprecision

No serious

No serious

No serious
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SE, sensitivity; SF, specificity.

aDowngraded by one level for the risk of bias: this domain was downgraded by 1 level because the Quality Assessment of Diagnostic Accuracy Studies version 2 tool.

®Downgraded by only one level for inconsistency: substantial heterogeneity is seen between studies (2 > 75%), whereas heterogeneity was mainly explained.

¢Downgraded by one level for inconsistency: substantial heterogeneity is seen between studlies (50% < 2 < = 75%).

dDowngraded by one level for indirectness: the concentration of HE4 measured by diifferent test methods.
®Downgraded by one level for publication bias: asymmetry on funnel plot, the value of p of Deek’s test < 0.1.
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Outcome References Downgrade factors Upgrade factors Certainty of
the evidence
Risk of bias Imprecision Inconsistency Indirectness Publication bias Large effect Dose-response Plausible confounding

ost Dai et al. (44) Not serious Not serious Serious limitation? Not serious Serious limitation® Yesd No Would Not Reduce Effect O
moderate

ost Zhong et al. (8) Not serious Not serious Serious limitation® Not serious Not serious No No Would Not Reduce Effect @]
moderate

DFS* Dai et al. (44) Not serious Not serious Not serious Not serious Not serious Yes? No Would Not Reduce Effect SDDS high

PFS* Dai et al. (44) Not serious Not serious Not serious Not serious Serious limitation® No No Would Not Reduce Effect O
moderate

DFS, disease-free survival; OS, overall survival;, PFS, progression-free survival.
TPrognosis of cancers, such as EC, OC, LC, and GC.

*Prognosis of cancers, such as EC, OC, and LC.

*QOverall survival of LC.

aDowngraded by one level for inconsistency: substantial heterogeneity is seen between studies (2 > 50%).

bDowngraded by only one level for inconsistency: substantial heterogeneity is seen between studies (12 > 75%), whereas heterogeneity was mainly explained.
®Downgraded by one level for publication bias: asymmetry on funnel plot, the p of Egger’s test or Begg's test < 0.05.
dUpgraded by only one level for large effect: because of the large magnitude of effect (HR > 2.0).
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PRPgroup  Control group  P-value
(n=138) (n =150)

Demographic characteristics
Female age (years), mean SD 3492 £480  34.93+487 0986
Male age (years), mean=SD 8583572  86.71+£665 0232

BMI (kg/m?), mean & SD 24084365  24.81£390  0.103
FSH (IU/m), mean  SD 669 1.50 645147  0.172
AMH (ng/ml), mean + SD 2.38+245 2.40 £3.03 0.951
Infertity duration, mean £SD 435 % 3.29 428874 0867
Number of history ET cycles 37241.09 367098 0682
Type of infertility

Primary infertilty, n (%) 75/138 (54.35) 78/150 0.159
Secondary infertity, n (%) 63/138 (45.65) 72/150 0.159
Diagnosis of infertility

Tubal factor, n (%) 44/138 (31.89) 49/150 0821
Meale factor, n (%) 41/138 (29.71) 44/150 0944
PCOS, n (%) 29/138 (21.01) 38/150 0385
Other causes, n (%) 20/138 (14.49) 19/150 0219

The values are expressed as the mean + SD.
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Outcome References effect size No. of studies No. of No. of Cut-off AUC Quality of

population cases (pmol/L), assess-
MD ment
Endometrial cancer Liu et al. (46) SE, SP, PLR, 17 3,167 1,807 74 0.75 QUADAS-2
NLR, DOR
Chen et al. (43) SE, SP, DOR 8 1,832 1,129 70 0.77 QUADAS
Bie et al. (49) SE, SP, DOR 6 1,551 791 64 0.83 QUADAS-2
Hu et al. (7) SE, SP, DOR 21 4,623 2,229 75 0.78 QUADAS-2
Lietal (21) SE, 8P 12 3,150 1,442 T 0.88 QUADAS
Ovarian cancer Jiaetal (52) SE, SP, PLR, 7 986 413 19 0.93 QUADAS-2
NLR, DOR
Ferraro et al. (20) SE, SP, PLR, 13 3,471 1,200 74 N/A QUADAS-2
NLR
Yu et al. (47) 8E, SP. PLR; 12 2,607 779 72 0.95 QUADAS
NLR
Yang et al. (48) 8E, 8B, PLR, 31 7,045 2,112 70 0.96 QUADAS-2
NLR
Huang et al. (53) SE, SP 18 4,673 1,369 72 0.91 QUADAS-2
Macedo et al. (50) SE, SP 45 10,671 3,946 74 0.92 QUADAS
Lietal (22) SE, SP 5 891 388 742 0.95 QUADAS-2
Epithelial ovarian cancer Li et al. (22) SE, SP 4 916 265 702 0.95 QUADAS-2
Malignant pelvic mass Olsen et al. (19) SE, SP 7 1,408 433 72 N/A QUADAS-2
Lung cancer Cheng et al. (42) SE, SP, PLR, 7 1,245 715 75 0.86 QUADAS
NLR, DOR
He et al. (15) SE, SP, PLR, 21 3,599 1,893 82 0.86 QUADAS-2
NLR
Yan et al. (45) SE, SP 16 3,202 1,756 77 0.86 QUADAS-2

DOR, diagnostic odds ratio; HE4, human epididymis protein; MD, median; NLR negative likelihood ratio; N/A, not available; PLR, positive likelihood ratio; QUADAS, Quality
Assessment of Diagnostic Studies tool; QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies version 2 tool; SE, sensitivity; SP, specificity.
aThe unit is PM in the systematic review conducted by Li et al. (22).
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Outcomes References Disease type Level of comparison Effect size, HR No. of studies No. of population No. of events Quality of assessment

Overall survival He et al. (54) EC High vs. low 2.71 (1.28,4.15) 5 755 206 N/A
Dai et al. (44) EC, OC,LC, GC 245 (1.47; 262 23 3,564 1,051 NOS
Yuan et al. (51) OC 1.91 (1.40, 2.61) 9 1,182 367 N/A
Zhong et al. (8) LC 178 (1.19, 2.682) 7 1,812 378 NOS
Disease-free survival He et al. (54) EC 2.00 (1.16, 2.84) 15 971 94 N/A
Dai et al. (44) EC, OC,LC, GC 2.50(1.86, 3.37) 8 1,307 133 NOS
Progression-free survival He et al. (54) EC. 2.81 (0.72, 4.90) 3 484 63 N/A
Dai et a.l (44) EC, OC, LC, GC 1.27 (1.11, 1.45) 10 1,272 389 NOS
Yuan et al. (51) OoC 1.38 (1.13, 1.69) 11 1,102 462 N/A

EC, endometrial cancer; GC, gastric cancer; HE4, human epididymis protein; HR, hazard ratio; LC, lung cancer; MOOSE, Meta-analysis of Observational Studies in Epidemiology guidelines; NOS, Newcastle-Ottawa
Quality Assessment Scale; N/A, not available; OC, ovarian cancer.
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Deep cleaning
Ultrasound rooms should be cleaned thoroughly (double cleaning) each morning
before the arrival of the patients and each evening at the end of the session using
CDC-approved cleaners. This cleaning includes:

- Computer, keyboard and mouse, printer, door handles, stretcher, chairs,

armehairs, ultrasound machines, light switches.

- Tensiometer and weight scale.

- Fetal monitors.
Ultrasound transducers
- The use of ultrasound transducers was limited to only multi-frequency

transabdominal ones (one per machine).

o If other transducers were needed (ic., transvaginal probe):

ouble cleaning

should be carried out before storing again.

- The transducers in use will be covered with a protector (cover, glove) and will
be cleaned with CDC-approved cleaners between patients.

Intermediate cleaning (before the next patient was called into the room)

- Hand wash with soap and warm water or with an antimicrobial cleaner for at
least 20s.

- Ultrasound transducers and cables disinfection

- Patients bed and chair disinfection

- Change disposable gloves (latex-free, polyurethane)

- Two pairs of gloves when handling dirty clothes or sheets. Hand wash for at

least 20 seconds afterward.
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Face-to-face

- Symptoms derived ultrasounds.

- First-trimester scan and aneuploidy
screening (including blood sampling).
-20-22 weeks anomaly scan.

- Second-trimester blood sampling
(4/- anti-D immunoglobulin
administration)

- Routine growth scan at 35-37 weeks,
Streptococcus B-Agalactiae screening,

and blood sampling,

- Fetal carc

postdates.

*High-

tocography monitoring at

ses were managed individually.

Telephone

- Results from blood analyses or

other  prenatal tests  (including
aneuploidy screening).
- 30-32 weeks midwife appointment.

- 38-39 weeks midwife appointment.
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Appointment missed Action

First-trimester appointment  Rescheduled for US scan 5 weeks later.
- Normal ultrasound: cell-free DNA test for
aneuploidy screening.

- Abnormal* ultrasou

: invasive testing.

20-22 weeks anomaly scan - Fetal anatomy examination by US performed in
the first trimester: rescheduled 14 days later.

- No fetal anatomy examination by US in the first

trimester: anomaly scan rescheduled before

22%2 weeks (with PPE).
35-37 growth scanorany  Rescheduled 3 weeks later.
other clinically guided scan
Fetal monitoringat 40-41 - rRT-PCR-SARS-CoV-2 test.
weeks - Telephone appointment:

© General well-being, fetal movements, and
presence of eventualities inquiry.
o Delivery plan.

- Labor induction will be scheduled with all the
security measures established if positive
TRT-PCR-SARS-COV2.

Invasive test - Suspected cases: delay the procedure 3 weeks.

- Confirmed cases: delay 4 weeks after acute
illness.

- The procedure cannot be delayed:

o Isolated room
o Health workers with PPE.
o The minimum needed personnel

‘The risk-benefit was individually assessed.

*Abnormal ultrasound  refer

s to major fetal defects such as holopros

ncephaly,
omphalocele, megacystis, etc.
US, ultrasound; PPE, personal protection equipment.
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- Have you had or have a fever or feverish sensation in the last week?

- Have you had or have a persistent cough in the last week?

- Have you had or have muscle pain in the last week?

- Have you had or have general discomfort in the last week?

- Does food taste nothing or have you lost the smellz

- Are you or have you been positive for COVID-19? If the answer is yes:
- Have been passed >5 weeks since the diagnosis?

- Do you live or are you in close contact with a patient with COVID-197
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imber Aa Ba Ap Bp C TVL
Before operation 18 1.00 + 1.00 231:1.19 0.86+0.97 1.64+1.08 519+2.18 8.72 +0.46
6 month after operation 18 =2.17+0.45 =25210.17 -2321020 =255+0.23 ~7+041 7.31£0.57
4 1225 17.03 13.67 16.07 2327 8.18
0.037 0.001 0.007 0.001 0.001 0.559

p
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imber Aa Ba Ap Bp C TVL
Before operation 18 1.00 + 1.00 231:1.19 0.86+0.97 1.64+1.08 519+2.18 8.72+0.46
3 month after operation 18 =225+0.24 -2.6810.15 -2341016 -268+0.13 =7+042 7.31%0.57
4 13.41 17.67 13.87 16.82 2327 8.18
0014 0.001 0.005 0.001 0.001 0.559

p
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Number operation  Intraoperative =~ HGB before  HGB after ~ Postoperative VAS pain  VAS pain score

time (min)  bleeding volume operation operation hospital stay score (Before  (Three months

(ml) (g/1) (g/1) (days) operation)  after operation)
1 100 125 9 10 5 1
2 205 80 140 141 6 4 1
3 125 100 12 116 5 5 1
4 175 100 139 18 6 5 1
175 80 126 116 6 5 1
6 200 100 138 116 9 5 2
160 150 124 89 5 4 1
8 170 500 94 104 13 5 3
145 50 132 125 9 5 0
10 200 300 141 92 12 4 1
1 180 100 120 106 7 5 1
12 250 200 108 100 7 5 1
13 190 100 131 107 9 5 1
14 215 80 142 126 8 5 1
15 145 80 129 18 7 5 1
16 25 50 136 116 5 5 0
17 195 50 142 17 11 5 1

18 240 200 134 106 Y 5 1
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Subject characteristics SCNCC SCNCO SCNCE
HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value
Age at diagnosis (years) <0.001 <0.001 0.004
<45 Reference Reference Reference
45-64 2.098(1.502-2.928) <0.001 0.251(0.101-0.623) 0.003 0.101(0.91-1.023) 0.007
65-84 3.486(2.308-5.265) <0.001 0.279(0.105-0.740) 0.010 0.149(0.109-1.197) 0.073
>85 3.073(0.963-9.807) 0.058 0.647(0.253-1.656) 0.364 0.329(0.147-0.739) 0.007
Race 0.152 0.875 0.213
White Reference Reference Reference
Black 1.545(1.050-2.275) 0.027 1.061(0.574-1.960) 0.850 1.684(0.921-3.079) 0.091
Other 1.254(0.826-1.903) 0.288 0.874(0.495-1.544) 0.643 0.897(0.387-2.020) 0.799
Unknown NA NA NA NA NA
Marital status 0.014 <0.001 0.115
Single/unmarried Reference Reference Reference
arried 0.997(0.694-1.433) 0.988 1.240(0.882-1.745) 0.216 1.079(0.522-2.232) 0.836
Divorced/separated 1.293(0.831-2.012) 0.255 1.255(0.702-2.244) 0.443 0.913(0.360-2.318) 0.849
Widowed 2.025(1.259-3.259) 0.004 5.652(3.085-10.354) 0.000 1.853(0.895-3.834) 0.096
Unknown NA NA
Insurance status 0.441 0.519 0.334
nsured Reference Reference Reference
Any medicaid 1.183(0.803-1.743) 0.394 1.341(0.758-2.377) 0.312 1.267(0.512-3.131) 0.609
Uninsured 1.384(0.784-2.443) 0.263 0.736(0.179-3.032) 0.671 1.455(0.883-2.398) 0.141
Unknown NA NA
Stage <0.001 <0.001 0.001
Reference Reference Reference
| 1.322(0.531-3.295) 0.549 3.220(1.225-8.462) 0.018 1.119(0.428-1.508) 0.981
Il 2.428(1.455-4.054) 0.001 2.751(1.460-5.185) 0.002 2.442(0.523-11.398) 0.256
\/ 4.900(3.017-7.959) <0.001 4.204(2.272-7.778) <0.001 11.294(2.488-51.270) 0.002
Unknown NA NA NA NA NA NA
Year of diagnosis 0.726 0.794 0.082
<2004 NA NA Reference Reference
2004-2006 Reference 1.019(0.640-1.622) 0.936 0.900(0.434-1.865) 0.777
2007-2009 0.971(0.658-1.433) 0.883 0.975(0.646-1.471) 0.903 0.420(0.202-0.871) 0.020
2010-2012 0.844(0.560-1.272) 0.418 0.955(0.585-1.559) 0.853 0.700(0.326-1.502) 0.360
2013-2015 0.814(0.525-1.262) 0.359 0.714(0.419-1.217) 0.216 1.426(0.734-2.773) 0.295
Grade 0.325 0.269 0.223
Well differentiated Reference - = B =
oderately differentiated 0.389(0.24-6.307) 0.506 Reference 0.391(0.039-3.891) 0.423
Poorly differentiated 0.231(0.031-1.699) 0.150 1.183(0.711-1.968) 0.519 0.425(0.057-3.189) 0.405
Undifferentiated 0.200(0.027-1.488) 0.116 0.753(0.459-1.237) 0.263 0.507(0.068-3.781) 0.508
Unknown NA NA NA NA NA NA
Lymph nodes status <0.001 <0.001 0.003
egative Reference Reference Reference
Positive 1.931(1.040-3.583) 0.037 2.237(1.307-3.826) 0.003 2.562(1.056-6.218) 0.038
o examined 3.348(1.989-5.637) <0.001 2.781(1.796-4.307) <0.001 3.914(1.738-8.815) 0.001
Unknown NA NA NA NA NA NA
LN metastasis numbers p<0.001 <0.001 0.002

o Reference Reference Reference
1-3 1.241(0.607-2.537) 0.554 0.447(0.228-0.878) 0.019 0.508(0.175-1.476) 0.214
>4 0.390(0.268-0.570) <0.001 0.367(0.226-0.595) <0.001 0.240(0.109-0.531) <0.001

Unknown NA NA NA NA NA NA
Bone metastasis <0.001 0.491 0.109
Yes Reference Reference Reference

o 0.369(0.198-0.688) 0.606(0.143-2.559) 0.305(0.065-1.421)
unknown NA NA NA NA NA NA
Brain metastasis 0.123 0.272
Yes Reference Reference — -

o 0.346(0.084-1.421) 0.141 0.047(0.143-1.827) - -
Unknown NA NA NA NA - -
Liver metastasis <0.001 <0.001 0.011
Yes Reference Reference Reference

o 3.341(1.944-5.744) 0.249(0.116-0.535) 0.269(0.091-0.796)

Unknown NA NA NA NA NA NA
Lung metastasis 0.006 0.007 0.129
Yes Reference Reference Reference

o 0.400(0205-0.783.) 0.168(0.038-0.743) 0.444(0.156-1.267)

Unknown NA NA NA NA NA NA
Surgery performed p<0.001 <0.001 <0.001
Surgery Reference Reference Reference

o surgery 2.308(1.675-3.179) 3.131(2.157-4.546) 0.268(0.166-0.435)

Unknown NA NA NA NA NA NA
Chemotherapy <0.001 <0.001 0.005
Yes Reference Reference Reference

o 2.170(1.550-3.037) 2.262(1.619-3.160) 0.531(0.38-0.835)

Radiotherapy 0.001 0.015 0.001
Yes Reference Reference Reference

[0]

0.534(0.369-0.773)

2.562(1.210-5.467)

0.209(0.090-0.488)

SCNCC, small-cell neuroendocrine carcinoma of the cervix; SCNCO, small-cell neuroendocrine carcinoma of the ovary; SCNCE, small-cell neuroendocrine carcinoma of
the endometrium all factors with Unknown data were removed in logistic regression model. Bold value means p < 0.05.





OPS/images/fmed-09-836910/fmed-09-836910-t003.jpg
Subject characteristics

Age at diagnosis (years)
<45

45-64

65-84

>85

Stage

|

|
i
Unknown

Lymph nodes status
egative

Positive

0 examined

Unknown

LN metastasis numbers
o

1-3

>4
Unknown

Surgery performed
Surgery

o surgery
Unknown
Chemotherapy

Yes

o

Radiotherapy

Yes

o

SCNCC

HR (95%Cl)

Reference
1.523(1.034-2.242
2.581(1.607-4.146
2.343(0.673-8.162

Reference
0.731(0.272-1.962
1.993(1.033-3.847
3.020(1.602-5.693

NA

Reference
3.513(0.665-18.571)
1.621(0.82-6.870)
NA

Reference
1.138(0.477-2.715)
2.521(0.573-11.096)
NA

Reference
1.189(0.674-2.097)
NA

Reference
2.784(1.902-4.075)

Reference
0.882(0.500-1.555)

P-value

0.001

0.033
<0.001
0.181
<0.001

0.534
0.040
<0.001
NA
0.223

0.139
0.512
NA
0.468

0.771
0.221
NA
0.5650

NA
<0.001

0.664

SCNCO

HR (95%Cl)

Reference
0.825(0.302-2.250,
0.526(0.172-1.606
0.808(0.288-2.269

Reference
1.816(0.590-5.586
3.512(1.617-7.629
3.836(1.744-8.437
NA

Reference
0.424(0.114-1.578)
0.355(0.123-1.025)

NA

Reference
0.537(0.165-1.750)
0.780(0.329-1.848)

NA

Reference
2.127(1.103-4.101)
NA

Reference
2.023(1.152-3.551)

Reference
5.988(1.350-26.560)

P-value

0.657

0.707
0.260
0.686
0.005

0.298
0.002
0.001
NA
0.157

0.201
0.056
NA
0.509

0.302
0.572
NA
0.024

NA
0.014

0.019

SCNCE

HR (95%Cl)

Reference
1.372(0.258-7.289)
5.120(0.954-27.472)
NA

Reference
1.044(0.255-4.277)
0.711(0.151-3.343)

NA

Reference
1.679(0.416-6.776)
1.064(5.000-3.875)

NA

Reference
4.842(1.5652-15.108)
NA

Reference
2.102(0.964-4.584)

Reference
5.588(0.685-45.615)

P-value

0.981
0.710
0.057
NA
0.813

0.953
0.666
NA
0.737

0.466
0.924
NA
0.007

NA
0.042

0.108

SCNCC, small-cell neuroendocrine carcinoma of the cervix; SCNCO, small-cell neuroendocrine carcinoma of the ovary; SCNCE, small-cell neuroendocrine carcinoma of
the endometrium all factors with Unknown data were removed in logistic regression model. Bold value means p < 0.05.
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Univariate Multivariate

OR (95% Cl) P-value 20R (95% CI) P-value
1UBT indications

Uterine atony Reference - Reference -
Placental site bleeding 2.46 (1.10-6.53) 0,020 252 (1.20-6.01) 0023
Maternal age 1.14(0.72-1.62) 0.721 - -
Multiple gestation 1.22 (0.78-1.62) 0.182 - -
Antenatal hemoglobin(mg/d) 0.73(0.34-0.92) 0,033 0.71(0.32-0.90) 0.029
Delivery mode

Vaginal Reference = - -
Cesarean 1.29 (0.92-2.04) 0.132 - -
Time from birth to IUBT (min) 1.01(0.65-1.99) 0.826 - .
Duration of IUBT () 092 (0.31-1.40) 0.423 - -
1UBT volume (ml)

250-350 Reference - Reference =
<250 0.96 (0.49-1.39) 0.780 - -
2350 1.11(1.08-1.68) 0,038 1.09 (1.01-1.47) 0,043
Postpartum SI

<1 Reference - Reference -
1-1.4 1.43 (0.82-3.01) 0.108 - -
=15 2,33 (1.07-4.66) 0,082 2.29(1.06-4.14) 0.040

Cl, confidence interval; EBL, estimated blood loss; OR, odds ratio; PRBCs, packed red blood cell; IUBT, intrauterine balloon tamponade; PPH, postpartum hemorrhage; UAE, uterine
artery embolization; S, shock index.





OPS/images/fmed-09-836910/cross.jpg
3,

i





OPS/images/fmed-09-836910/fmed-09-836910-g001.jpg
Percent survival

Overall Survival

- SCNCC
- SCNCO
-~ SCNCE

754

50 Log-Rank test
P=0.032

25+

0 —r 07 0 0 I T i
0 12 24 36 48 60 72 84 96 108 120
Months

B SCNCC

Overall Survival

100+ . )
- 45-64y
- 65-84y
g 754 ~ =85y
>
=
a Log-Rank test
e P<0.001
= 50+
o
5]
=
)
=9
254
0 T T | T | T T | T |
0 12 24 36 48 60 72 84 96 108 120
Months
E SCNCO
Overall Survival
—— Stagel
- Stagell
—— Stagelll
E -~ StagelV
2 Log-Rank test
a P<0.001
JE i 1 1 1 1
7} \
3}
=
7}
=
3
|

I [ I I [ | | | | 1
0 12 24 36 48 60 72 84 96 108 120
Months

H SCNCO
Overall Survival

—— Radiotherapy
—— No Radiotherapy

75
. Log-Rank test
P<0.001

50

Percent survival

25+

T T 1 | | I— T T 1 |
0 12 24 36 48 60 72 84 96 108 120

Months

Percent survival

Percent survival

Percent survival

C SCNCC
Overall Survival
—— Stagel
100
- Stagell
—— Stagelll
75+ StagelV
50
254
Log-Rank test
P<0.001
0 R 'R R SR [ (R PR S R—
0 12 24 36 48 60 72 84 96 108 120
Months
F SCNCO
Overall Survival
100
—— Surgery
—— No Surgery
75—
Log-Rank test
P<0.001
50
254
0

L. U & & & b & T T 1
0 12 24 36 48 60 72 84 96 108 120

Months
I SCNCE
Overall Survival
100
- Surgery
—— No Surgery
759 Log-Rank test
P<0.001
50
254
0

T T T T T T T T T 1
0 12 24 36 48 60 72 84 96 108 120

Months

D SCNCC
Overall Survival
1004 —— Chemotherapy
-~ No Chemotherapy
= 75 ] Log-Rank test
> P=0.0015
>
St
=
%]
= 504
0
18]
T
%)
-9
254
0 I I | I | I I | | 1
0 12 24 36 48 60 72 84 96 108 120
Months
G SCNCO
Overall Survival
100 —— Chemotherapy
=~ No Chemotherapy
—_ Log-Rank test
« 75| P=0.020
=
>
1
=
1]
—
=
)
o
St
)
-9

| | | | | I [ | I |
0 12 24 36 48 60 72 84 96 108 120
Months

J SCNCE
Overall Survival

100 —— Chemotherapy
-~ No Chemotherapy

Log-Rank test
75+ P=0.038

Percent survival

I I I | I I [ | I |
0 12 24 36 48 60 72 84 96 108 120
Months





OPS/images/fmed-09-836910/fmed-09-836910-t001.jpg
Patient SCNCC cC SCNCO ocC SCNCE EC

characteristics N(%) N (%) P-value N (%) N (%) P-value N (%) N (%) P-value
ALL 299(0.32) 94179(99.68) 217(0.195) 145595(99.85) 106(0.04) 275619(99.96)

Age at diagnosis (years) 0.41 <0.001 0.16
<45 137(45.8) 37952(40.3) 135(62.2) 18933(13.0) 7(6.6) 19742(7.2)

45-64 116(38.8) 36171(38.4) 36(16.6) 59788(41.1) 42(39.6) 133542(48.5)

65-84 43(14.4) 17524(18.6) 41(18.9) 56839(39.0) 49(46.2) 110212(40.0)

>85 3(1.0) 2532(2.7) 5(2.3) 10035(6.9) 8(7.6) 12123(4.3)

Race 0.094 0.685 0.169
White 211(70.6) 70994(75.4) 184(84.8) 124025(85.2) 84(79.2) 232111(84.2)

Black 46(15.4) 13556(14.4) 14(6.5) 10856(7.5) 14(13.2) 22617(8.2)

Other 40(13.4) 8811(9.4) 18(8.3) 10294(7.1) 8(7.6) 19395(7.0)

Unknown 2(0.6) 818(0.8) 1(0.4) 420(0.2) 0(0.00) 1496(0.6)

Marital status <0.001 <0.001 0.007
Single/unmarried 95(31.8) 20585(21.9) 88(40.5) 23716(16.3) 17(16.0) 45214(16.4)

Married 114(38.1) 41797(44.4) 90(41.5) 70767(48.6) 39(36.8) 141684(51.4)
Divorced/separated 45(15.1) 13663(14.5) 18(8.3) 14925(10.3) 14(13.2) 24359(8.8)

Widowed 32(10.7) 12564(13.3) 14(6.5) 30838(21.2) 30(28.3) 51591(18.8)

Unknown 13(4.3) 5570(5.9) 7(3.2) 5349(3.6) 6(5.7) 12771(4.6)

Insurance status <0.001 0.006 0.017
Insured 148(49.5) 18486(19.6) 72(33.2 41788(28.7) 32(30.2) 95130(34.5)

Any medicaid 62(20.7) 8802(9.3) 24(11. 1) 6623(4.5) 11(10.4) 12520(4.5)

Uninsured 22(7.4) 2124(2.3) 4(1.8 1999(1.4) 2(1.8) 3766(1.4)

Unknown 67(22.4) 64767(68.8) 1 17(53 9 95185(65.4) 60(56.6) 164203(59.6)

Stage <0.001 0.856 <0.001
| 61(20.4) 18441(19.6) 31(14.3) 14967(10.3) 7(6.6) 90296(32.8)

Il 16(5.4) 5298(5.6) 94.1) 5295(3.6) 2(1.8) 9606(3.5)

Il 90(30.1) 8129(8.6) 41(18.9) 22656(15.6) 20(18.8) 17635(6.4)

\% 126(42.1) 8818(9.4) 53(24.4) 25284(17.4) 30(28.3) 16770(6.1)

Unknown 6(2.0) 53493(56.8) 83(38.9) 77393(53.1) 47(44.3) 141312(51.2)

Year of diagnosis <0.001 <0.001 0.622
<2004 0(0.00) 52949(56.2) 81(37.3) 75539(51.9) 47(44.3) 130000(47.1)

2004-2006 63(21.1) 10839(11.0) 29(13.4) 17170(11.8) 11(10.4) 30463(11.1)

2007-2009 76(25.4) 10548(11.2) 42(19.4) 17708(12.2) 18(17.0) 34533(12.5)

2010-2012 68(22.7) 10162(10.8) 28(12.9) 17522(12.0) 12(11.3) 38478(14.0)

2013-2015 92(30.8) 10181(10.8) 37(17.0) 17656(12.1) 18(17.0) 42145(15.3)

Grade <0.001 <0.001 <0.001
Well differentiated 1(0.3) 7816(8.3) 0(0.00) 10321(7.1) 3(2.8) 93778(34.0)

Moderately differentiated 1(0.3) 23526(25.0) 1(0.5) 18686(12.8) 1(1.0) 68926(25.0)

Poorly differentiated 110(36.8) 24415(25.9) 47(21.7) 41580(28.5) 36(34.0) 45577(16.5)
Undifferentiated 63(21.1) 2361(2.5) 73(33.6) 15085(10.4) 40(37.7) 14291(5.2)

Unknown 124(41.5) 36061(38.3) 96(44.2) 59923(41.2) 26(24.5) 53047(19.2)

Lymph nodes status <0.001 0.049 <0.001
Negative 48(16.1) 20707(22.0) 49(22.6) 31304(21.5) 16(15.1) 99960(36.3)

Positive 49(16.4) 6281(6.7) 37(17.1) 15053(10.3) 25(23.6) 16289(5.9)

SCNCC, small-cell neuroendocrine carcinoma of the cervix; SCNCO, small-cell neuroendocrine carcinoma of the ovary; SCNCE, small-cell neuroendocrine carcinoma
of the endometrium; SNNCC, small-cell neuroendocrine carcinoma of the cervix; OC, carcinoma of the ovary; EC, carcinoma of the endometrium; NA, Not available. All
factors with unknown data were removed in logistic regression. Bold value means p < 0.05.
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Uterine atony

(n=482)

Transfusion of >4 units of PRBCs

Yes 81(16.8)
No 401 (83.2)
EBL > 300 ml after IUBT
Yes 99(205)
No 383 (79.5)
UAE or hysterectomy
Yes 17 35)
No 465 (96.5)

Placental site bleeding

(n=121)

42(34.7)
79(65.3)

5343.8)
68(56.2)

1083)
111(01.7)

The values are given in the form of a number (percentage).
The Chi-square test were used for categorical variables.

CI, confidence interval; EBL, estimated blood loss; IUBT, intrauterine balloon tamponade;
OR, odds ratio; PPH, postpartum hemomhage; PRBC, packed red blood cell; UAE,

uterine artery embolization.

P-value

<0.001

<0.001

0.029
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Univariate Multivariate

OR (95% Cl) P-value 20R (95% CI) P-value
1UBT indications

Uterine atony Reference - Reference -
Placental site bleeding 2.63 (1.69-4.10) <0001 247 (1.32-3.98) <0001
Maternal age 1.03 (0.94-1.05) 0.791 - -
Multiple gestation 1.56 (0.82-2.89) 0.411 - -
Antenatal hemoglobin(mg/dl) 0.62 (0.41-0.87) 0.023 0.60(0.41-0.83) 0.019
Delivery mode

Vaginal Reference = - =
Cesarean 1.03 (0.74-1.44) 0792 - -
Time from birth to IUBT (min) 1.02 (0.91-1.08) 0.834 - -
Duration of IUBT () 1.13(0.66-1.87) 0079 - -
IUBT volume (ml)

250-350 Reference - Reference =
<250 1.28 (0.81-1.89) 0523 - -
2350 358 (1.88-6.79) <0.001 3.43(1.76-6.52) <0001
Postpartum SI

<1 Reference - Reference -
1-1.4 1.69 (1.10-2.32) 0011 1.72 (1.28-2.57) 0,009
=15 3.27 (1.82-4.56) <0.001 3.43(2.22-4.89) <0001

Cl, confidence interval; EBL, estimated blood loss; OR, odds ratio; PRBCs, packed red blood cell; IUBT, intrauterine balloon tamponade; PPH, postpartum hemorrhage; UAE, uterine
artery embolization; S, shock index.
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Univariate Multivariate

OR (95% Cl) P-value 20R (95% CI) P-value
1UBT indications

Uterine atony Reference - Reference -
Placental site bleeding 3.02 (1.98-4.60) <0001 3.78(2.22-5.33) <0001
Maternal age 097 (0.72-1.18) 0329 - -
Multiple gestation 1.67 (0.83-2.76) 0222 - -
Antenatal hemoglobin(mg/dl) 0.89 (0.66-1.09) 0.143 - -
Delivery mode

Vaginal Reference = - =
Cesarean 066 (0.37-1.27) 0.087 - -
Time from birth to IUBT (min) 0.93(0.67-1.12) 0.286 - -
Duration of IUBT () 1.24(1.08-1.78) 0,033 1.27 (1.04-1.62) 0,028
IUBT volume (ml)

250-350 Reference - Reference =
<250 1.28 (0.81-1.93) 0.412 - -
2350 2.26(1.21-3.79) 0019 2.32(1.27-3.98) 0013
Postpartum SI

<1 Reference - - -
1-1.4 1.24(0.59-2.07) 0.482 = =
=15 1.68 (0.83-2.79) 0.369 - -

Cl, confidence interval; EBL, estimated blood loss; OR, odds ratio; PRBCs, packed red blood cell; IUBT, intrauterine balloon tamponade; PPH, postpartum hemorrhage; UAE, uterine
artery embolization; S, shock index.
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BMI Numbers

<185 83 (3.29%)
>18.5 to <25 1,039 (41.24%)
225 to <30 960 (38.11%)
230 to <40 395 (15.68%)
>40 42 (166%)
Total 2519

BMI. body mass index
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Primary port

Palmer’s point

Jain point

Point proposed
Bony Landmarks

Learning curve
Time spent in port creation
Use as the main working port

Contraindications

Entry from the right side
Incidence of bowel injury in previous
surgery

Use in previous upper abdominal
surgical scars

Use in cases with  history of infectious
pathologies
Uit bl it moniingly

1974
Two landmarks
1. Mid clavicle
2. Subcostal margin

Short
Short
No, becomes redundant after entry

1. Bloated stomach

2. Hepatosplenomegaly

3. Upper quadrant scars

4. Large upper quadrant masses

5. Suspected postinflammatory adhesions

Cannot be made due to the risk of liver laceration

Injury to the bloated stomach likely but largely unreported
Not applicable in big upper abdominal scars
Entry associated with the potential risk of visceral injury in case of

upper abdominal adhesions
Not reported

2011

One prominent bony landmark, i.e. the ASIS (anterior
superior iliac spine)

Short: cases the tension from beginner's mind
Short
Yes, becomes main ergonomic working port

No known contraindications

Can be used as a mirror image on the right side

0.04%

Can be used in upper abdominal scars

Safe entry in suspected upper abdominal adhesions

Hiortad by Tl @t
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Estimated cases

in South Korea
Myomectomy 146012 191,514 % 1,251
Mortality in myomectomy 13+08° 10+ 10
Conversion from myomectomy 2911 5624213
to hysterectomy
VTE in myomectomy 5.7+ 1.6 17.7+ 126
DVT in myomectomy 44£1.49 10+ 10
PE in myomectomy 25+ 19 7T£77

DVT, deep vein thrombosis; HIRA, health insurence review and assessment service; NIS,
national inpatients sample; PE, puimonary embolism; VTE, venous thromboembolism.
Data were expressed as mean values + standard error

#The rate of myomectomy per 10,000 women.

bThe rate of death per 10,000 myomectomy women.

SThe conversion rate from myomectomy to hysterectomy per 10,000
myomectomy wormen.

9The rate of disease per 10,000 myomectomy women.





OPS/images/fsurg-09-928081/fsurg-09-928081-g001.jpg
Lee Huang
Point

Paimer's

10-13cm

N

VAN






OPS/images/fmed-09-861028/crossmark.jpg
©

2

i

|





OPS/images/fsurg-09-928081/crossmark.jpg
(®) Check for updates.





OPS/images/fmed-09-926351/fmed-09-926351-t003.jpg
Outcome

Depression score (mean =+ SD)
Depression-severity n (%)
None

Mild

Moderate

Moderately Severe

Severe

CI, confidence interval. Model I adjusted for age, education, and race. Model II adjusted for age, education, race, BMI, Regular menstruation, WBC, Segmented neutrophils.

Crude model Model I Model II
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
1.10 (1.08, 1.12) <0.0001 1.10 (1.08, 1.12) <0.001 1.10 (1.08, 1.12) <0.0001
Ref Ref Ref
1.56 (1.17, 2.06) 0.0022 1.48 (1.11,1.97) 0.0081 1.50 (1.12, 2.00) 0.0060
2.57 (1.80, 3.66) <0.0001 2.33(1.62, 3.35) <0.0001 2.35 (1.64, 3.38) <0.0001
4.36 (2.83, 6.70) <0.0001 4.01(2.57,6.27) <0.0001 4.01 (2.56, 6.28) <0.0001
6.56(3.93,10.96) <0.0001 6.36 (3.74,10.82) <0.0001 6.34(3.72,10.79) <0.0001
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Covariate

AGE (years, mean =+ SD)
RACE 1 (%)

Non-Hispanic white

Mexican American Other Hispanic
Non-Hispanic Asian Other race
Non-Hispanic black
EDUCATION #n (%)

high school below

High school graduate or above
Regular menstruation

No

Yes

BMI (mean + SD)

Depression score

Depression severity

None

Mild

Moderate

Moderately severe

Severe

WBC

SN

CI, confidence interval; OR, odds ratio; PID, Pelvic inflammatory disease; WBC, White blood cell count (1,000 cells/ul); BMI, body mass index; SN, Segmented neutrophil.

Statistics

38.09 &+ 12.36

1809 (33.30%)
1498 (27.58%)
912 (16.79%)
1213 (22.33%)

837 (15.41%)
4595 (84.59%)

1599 (29.44%)
3833 (70.56%)
29.89 & 835
3.75 + 4.59

3421 (62.98%)
1285 (23.66%)
445 (8.19%)
185 (3.41%)
96 (1.77%)
7.57 +2.30
446+ 183

OR (95% CI)

1.03 (1.02, 1.04)

Ref
0.62 (0.45, 0.86)
0.84 (0.59, 1.19)
1.29 (0.97,1.71)

Ref
0.83 (0.62, 1.12)

Ref
0.51 (0.40, 0.64)
1.02 (1.01, 1.03)
1.10 (1.08, 1.12)

Ref
1.56 (1.17, 2.06)
2.57 (1.80, 3.66)
436 (2.83, 6.70)
6.56 (3.93, 10.96)
1.00 (0.95, 1.05)
0.99 (0.92, 1.05)

P-value

<0.0001

0.0039
0.3318
0.0808

0.2206

<0.0001
0.0020
<0.0001

0.0022
<0.0001
<0.0001
<0.0001

0.9668

0.6516
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Names Description Code

Myomectomy Simple myomectomy Ra121
Complex myomectorny RA122
Simple abdominal Ra124
myomectomy
Complex abdorminal Ra127
myomectomy
Simple laparoscopic R4128
myomectomy
Complex laparoscopic R4129
myomectomy

VIE DV, not otherwise specified 1802
Embolism or thrombosis of 1803
lower extrerity
Pulmonary thrombosis, 126
pulmonary

thromboembolism, or
pulmonary infarction

ovT DVT, not otherwise specified 1802
Embolism or thrombosis of 180.3
lower extremity

PE Pulmonary thrombosis, 126
pulmonary

thromboembolism, or
pulmonary infarction
Drug Aspirin 11070XXX, 11080XXX,
11090XXX, 11100XXX,
AOS50XXX, 48970XXX,

51790000¢

DOAC 51140XXX, 61370XXX,
61700XX, 64360XXX

Fondaparinux 45013)00¢

LMWH 1621XXX, 14023XXX

UFH 1686X00C

Warfarin 24910X00¢

DOAC, direct oral anticoagulants; DVT, deep vein thrombosis; LIMVWH, low molecular
weight heparin; PE, pulmonary embolism; VTE, venous thromboembolism; UFH,
unfractionated heparin.
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Number of previous Prev. Prev.
surgeries laparotomy laparoscopy
Prev. 1 surgery = 1907 (75.70%) 817 1090
Prev. 2 surgery =457 (18.14%) 389 68

Prev. 3 surgery = 122 (4.84%) 116 6

Prev. 4 and more surgery = 33 2 1
(131%)

Prev. total canes = 2519

1,354 (53.

1,165 (46.24%)
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Age
SES

Mid~high SES

Low SES
Hospital grade

Clinic:

Hospital

General hospital

Senior general hospital
cel

0

1

2

3~

Non-VTE
(N =23,547)

39.39+0.04

23,246 (98.7%)
301 (1.3%)

4,134 (17.6%)
6,473 (27.5%)
7,630 (32.4%)
5,310 (22.6%)

17,857 (75.8%)
2,834 (12.0%)
2,253 (9.6%)
603 (2.6%)

VTE
N=2

42.93 +3.65

2(100.0%)
0(0.0%)

1(50.0%)
0(0.0%)
1(50.0%)
0(0.0%)

1(50.0%)
0(0.0%)
0(0.0%)
1(50.0%)

0.45
1a

0.791*

0.007%

COl, charison comorbidity index; HIRA, health insurance review and assessment

service; NPS, national patient

venous thromboembolism.
afisher’s exact test.

sample; SES, socioeconomic  status;

VIE,
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Non-VTE VTE p-value

= 23,547) w=2
Death 1
No 23,546 (100.0%) 2(100.0%)
Yes 1(0.0%) 0(0.0%)
Age per 5 years 0592°
~20 16 (0.1%) 0(0.0%)
~25 233 (1.0%) 0(0.0%)
~30 1,761 (7.5%) 0(0.0%)
~35 4,145 (17.6%) 0(0.0%)
~40 5,606 (23.8%) 1(50.0%)
~45 6,530 (27.7%) 0(0.0%)
~50 4,002 (17.0%) 1(50.0%)
~55 1,254 (5.3%) 0(0.0%)
bvr <0.0012
No 23,547 (100.0%) 1(50.0%)
Yes 0(0.0%) 1(50.0%)
PE <0.0012
No 23,547 (100.0%) 1(50.0%)
Yes 0(0.0%) 1 (60.0%)

DVT, deep vein thrombosis; HIRA, health insurance review and assessment service; NPS,
national patient sample; PE, pulmonary embolism; VTE, venous thromboembolism.
afisher’s exact test.
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TJHPEC LR RF GBDT

Internal validation cohort (TJH1)

AUC (95% CI) 09347 (0.9102-0.9592) 0.9149 (0.8859-0.9439) 0.9301 (0.9046-0.9556) 0.9347 (0.9102-0.9592)
Accuracy (95% Cl) 91.44% (88.61-94.28%) £9.04% (85.87-92.20%) 89.84% (86.78-92.90%) 90.91% (88.00-93.82%)
Sensitity (95% CI) 87.30% (79.08-95.52%) 79.37% (69.37-89.36%) 90.48% (83.23-97.72%) 87.30% (79.08-95.529%)
Specificity (95% Cl) 92.28% (89.32-95.25%) 91.00% (87.82-94.18%) 89.71% (86.33-93.09%) 91.64% (88.56-94.72%)
PPV (35% CI) 69.62% (69.48-79.76%) 64.10% (63.46-74.75%) 64.04% (54.08-74.01%) 67.90% (67.73-78.07%)
NPV (95% C)) 97.29% (95.43-99.14%) 95.61% (93.27-97.94%) 97.89% (96.23-99.56%) 97.27% (95.40-99.14%)
F1 07746 0.7092 075 07639

Kappa 0.7227 06426 0.6886 0.7087

Brier score 0086 011 0.102 0091
External validation cohort (RHH)

AUC (95% CI) 0.8073 (0.7335-0.8811) 08129 (0.7405-0.8853) 0.782 (0.7019-0.8621) 0.7966 (0.7201-0.8731)
Accuracy (95% Cl) 82.11% (77.02-87.20%) 78.44% (72.98-83.90%) 77.06% (71.48-82.65%) 81.65% (76.51-86.79%)
Sensitivity (95% C) 54.17% (34.23-74.10%) 54.17% (34.28-74.10%) 66.67% (47.81-85.53%) 58.339% (38.61-78.06%)
Specificity (95% Cl) 85.57% (80.62-90.51%) 81.44% (75.97-86.91%) 78.35% (72.56-84.15%) 84.54% (79.45-89.62%)
PPV (95% CI) 31.71% (17.46-45.95%) 26.53% (14.17-38.89%) 27.59% (16.08-39.09%) 31.82% (18.06-45.58%)
NPV (95% C)) 93.79% (90.23-97.34%) 93.49% (89.77-97.21%) 95.00% (91.62-98.38%) 94.25% (90.79-97.71%)
F1 04 03562 0.3902 04118

Kappa 0.3032 02445 02778 0314

Brier score 0179 0216 0229 0.183
External validation cohort (TJH2)

AUC (95% CI) 0871 (0.8435-0.8985) 08577 (0.8284-0.887) 0.8597 (0.8307-0.8887) 0.8685 (0.8407-0.8963)
Accuracy (95% Cl) 81.29% (78.40-84.19%) 78.71% (75.66-81.75%) 79.14% (76.12-82.16%) 81.44% (78.55-84.33%)
Sensitity (95% CI) 82.11% (75.34-83.89%) 81.30% (74.41-88.19%) 86.18% (80.08-92.28%) 82.93% (76.28-89.58%)
Specificity (95% Cl) 81.12% (77.91-84.33%) 78.15% (74.76-81.53%) 77.62% (74.21-81.04%) 81.129% (77.91-84.33%)
PPV (95% CI) 48.33% (41.55-65.10%) 44.44% (37.95-50.94%) 45.30% (38.92-51.68%) 48.57% (41.81-55.33%)
NPV (95% C)) 95.47% (93.62-97.32%) 95.11% (93.16-97.06%) 96.31% (94.59-98.03%) 95.67% (93.86-97.48%)
F1 0.6084 05747 05938 06126

Kappa 0.4962 0.4485 04711 05013

Brier score 0.187 0213 0209 0.186

GBDT, gradient-boosted decision tree; LR, logistic regression; AF; random forest; AUC, area under the receiver-operating characteristic curve; PPV, positive predictive value; NPV,
negative predictive value; 95% ClI, 95% confidence interval.
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Prevalence of PID Overall Non-PID PID Standardize P-value P-value*

(n=5432) (n=5118) (n=314) diff. (CI)
Age (years, mean = SD) 38.1+12.4 378+ 124 423+11.2 0.4 (0.3, 0.5) <0.001 <0.001
Race n (%) 0.3(0.1,0.4) <0.001 —
Non-Hispanic White 1809 (33.3%) 1697 (33.2%) 112 (35.7%)
Mexican American Other Hispanic 1498 (27.6%) 1439 (28.1%) 59 (18.8%)
Non-Hispanic Asian Other race 912 (16.8%) 864 (16.9%) 48 (15.3%)
Non-Hispanic Black 1213 (22.3%) 1118 (21.8%) 95 (30.3%)
Education # (%) 0.2 (0.1, 0.2) <0.001
High school below 837 (15.4%) 520 (13.6%) 317 (19.8%)
High school graduate or above 4595 (84.6%) 3312 (86.4%) 1283
(80.2%)
Depression score 3.8 (4.6) 3.6 (4.4) 6.5(6.3) 0.5(0.4,0.7) <0.001 <0.001
Mean (SD) Median (Min-Max)/N (%) 2.0 (0.0-27.0) 2.0 (0.0-27-0) 4.0(0.0,25.0)
Depression severity 0.5 (0.4, 0.6) <0.001 —
None 3421(63.0%) 3281 (64.1%) 140 (44.6%)
Mild 1285 (23.7%) 1205 (23.5%) 80 (25.5%)
Moderate 445 (8.2%) 401 (7.8%) 44 (14.0%)
Moderately severe 185 (3.4%) 156 (3.0%) 29 (9.2%)
Severe 96 (1.8%) 75 (1.5%) 21 (6.7%)
Regular menstruation 0.2 (0.1,0.2) <0.001
No 1599 (29.4%) 1039 (27.1%) 560 (35.0%)
Yes 3833 (70.6%) 2793 (72.9%) 1040
(65.0%)
BMI (mean =+ SD) 299 +8.3 29.8 +£8.3 31.3+8.8 0.2 (0.1,0.3) 0.002 0.002
WBC 7.6+23 7.6+23 7.6 £2.5 0.0 (—0.1,0.1) 0.967 0.698
Segmented neutrophils 45+1.8 45+1.8 44+2.1 0.0 (—0.1,0.1) 0.652 0.194

CI, confidence interval, OR, odds ratio; PID, pelvic inflammatory disease; WBC, white blood cell count (1,000 cells/ul); BMI, body mass index (1,000 cell/uL, mean =+ SD). P-value:
Obtained by ¢-test or chi-square test. P-value*: For continuous variables, Kruskal-Wallis rank test, Fisher exact for categorical variables, with expects <10.
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Publication
year

2015
2018

2019
2014
2020
2020
2016
2019
2015
2020
2013
2017
2018
2016
2020
2014
2014
2016
2020
2017
2013
2015
2019
2018

Study area (region)

Victoria, Australia

University of Washington
Medical Center

Canada

Eastern India

Sergipe, Northern Brazil
Hebei, China

Kelantan, Malaysia
Canada

Middle Eastern countries
Ethiopia

Uganda

Brazil

Zimbabwe

India

Suriname

Cape Town, South Africa
Brazil

Brazil

Namibia

Southern Nigeria
Manipal University, India
Ethiopia

Timor Leste

Kenya

N/A, Not available; SMM, severe maternal morbidity; MNM, maternal near miss.

Study design

Case-control
Cross-sectional

Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cohort
Cross-sectional
Case-control
Cross-sectional
Cross-sectional
Cross-sectional
Cohort

Cohort
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional

Sample size

211,060
7,025

1,418,545
6,100
16,243
289,859
23,422
3,162,303
9,063
321
1,667
848
11,871
21,992
9,114
19,222
9,114
19,222
2,325,394
262
7,390
806
4,702
182,571

SMM

1,119
284

22,799
99
1,102
289,589
352
54,219
NA

NA
NA

NA
NA
7
N/A
NA
N/A
4l

434
174
123
161
71
112

23,747
243
208
52
131
188
39

1,278

Prevalence
of SMM (%)

053
4.04

1.61
1.62
6.78
99.91
150
172
0.78
24.92
27.87
20.52
1.04
0738
0.78
058
1.02
1.02
0.80
19.85
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23.33
0.83
0.70
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