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Abstract

Objective: To evaluate the relationship between adenomyosis severity and perinatal outcomes.

Design: Pregnant women with adenomyosis were divided into two groups: the mild group (adenomyosis volume <500 cm3) and the severe group (adenomyosis volume ≥500 cm3).
Setting: Tertiary care institution, Shanghai, China.
Population: In total, 286 pregnancies complicated with adenomyosis, who attended routine prenatal check-ups between July 1, 2017, and June 30, 2019, at Shanghai First Maternity and Infant Hospital participated in the study.
Methods: A total of 286 pregnant women with adenomyosis were analysed retrospectively. The three diameter lines (length, L; width, W; and thickness, T) of adenomyosis were measured by ultrasound during pregnancy. The volume of adenomyosis (V) was calculated by the formula V= L *W * T * 4 / 3 π. Pregnant women with adenomyosis were divided into a mild group (V<500 cm3) and a severe group (V≥500 cm3).
Main outcome measures: The relationship between adenomyosis severity and perinatal outcomes.
Results: Pregnant women in the severe group had higher preterm labour rate (18.5% versus 10.2%;odd ratio 1.991;95%CI0.969-4.090) , higher caesarean section rate (67.9% vs 49.8%; odd ratio 2.136;95%CI1.114-2.672) , and earlier gestational week at delivery (38+0 ± 2+1 versus 38+5±2+0).The new-born birth weight was significantly lower(3056.7 ± 523.8g versus 3216.9 ±546.4g) in the severe group. Severe adenomyosis didn’t increase postpartum hemorrhage significantly. 
Conclusion: Severe adenomyosis is related to adverse perinatal outcomes.
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Tweetable abstract

Pregnancy with severe adenomyosis is related to adverse perinatal outcomes.
Introduction
Adenomyosis refers to the occurrence of endometrial glands and stroma in the myometrium, with hyperplasia of the surrounding myometrial cells. Adenomyosis results in endometrial receptivity changes1 and myometrial fibrosis.2,3 Data from ultrasound units have shown a 20.9% prevalence of sonographic signs of adenomyosis in the general population.4 Its prevalence is higher in those with recurrent pregnancy loss (38.2%) and a history of antiretroviral therapy (ART) failure (34.7%).5 Studies have shown that adenomyosis is closely related to infertility,6 recurrent abortions and pregnancy complications.7 An increasing number of studies from reproductive centres have been devoted to solving the problem of infertility in patients with adenomyosis. At present, the available treatment methods include GnRH- treatment before transplantation,8 high-intensity focused ultrasound (HIFU) treatment9 and surgery. Yamaguchi et al.10 studied the risk of preterm birth, low birthweight and small-for-gestational-age infants in pregnant women with adenomyosis in Japan. However, the relationship between the severity of adenomyosis and delivery outcomes has rarely been reported. Obstetricians should make a good assessment of pregnant women with adenomyosis, as it is of great value to improve pregnancy outcomes. 
The volume of adenomyosis is an important index of the severity of adenomyosis. Transvaginal ultrasound (TVS)11 and pelvic MRI12 can easily be used to measure the volume of adenomyosis, while ultrasound is widely used because of its accuracy, convenience and non-invasive advantages. TVS and transabdominal ultrasound are the main methods of foetal evaluation during early and late pregnancy. Whether the volume of adenomyosis measured by ultrasonography during pregnancy can be used as an index of pregnancy risk is worth exploring. The purpose of this study was to study the pregnancy-related complications and outcomes of pregnant women with adenomyosis and to explore whether the volume of adenomyosis influences the pregnancy outcomes of women with adenomyosis.
Methods

Patient selection
In total, 286 pregnant women with adenomyosis who attended routine prenatal check-ups between July 1, 2017, and June 30, 2019, at Shanghai First Maternity and Infant Hospital were analysed retrospectively. Delivery between the 28th and 37th week was diagnosed as preterm labour. Gestational age was based on the last menstrual period (LMP) and confirmed by ultrasound. If the results of two ultrasound examinations in early pregnancy differed from the gestational age based on the LMP by over one week, gestational age was adjusted according to the ultrasound-based estimate.

Inclusion criteria were as follows: singleton pregnancy and pregnant women with adenomyosis indicated by ultrasound more than twice during pregnancy. Exclusion criteria were as follows: multiple pregnancy; pregnancy with chronic hypertension, diabetes, chronic kidney disease, systemic lupus erythematosus, or renal dysfunction; or labour before the 28th week.
The measurement of adenomyosis
The three diameter lines (length, L; width, W; and thickness, T) of adenomyosis were measured by ultrasound. The volume of adenomyosis (V) was calculated by the formula V = L *W * T * 4 / 3 π. A total of 286 pregnant women with adenomyosis were divided into the mild group (V<500 cm3) and the severe group (V≥500 cm3). The criteria for the diagnosis of adenomyosis with ultrasonography were as follows: (a) ectopic endometrial glands and stroma, (b) muscular hyperplasia/hypertrophy, and (c) increased vascularity.13 The indexes between the two groups included maternal age, spontaneous abortions, parity, and method of pregnancy. The analysed pregnancy outcomes included gestational week, complications in pregnancy, the caesarean section rate, postpartum haemorrhage, and new-born birth weight.
Statistical analysis
We employed SPSS Statistics 17.0 (Lenovo, ThinkPad, Shanghai, China) for statistical analysis. Continuous variables are expressed as the mean±SD, and categorical variables are described as numbers and rates. T-tests were used to compare continuous variables, while Pearson’s chi-square tests and Fisher’s exact probability method were used to evaluate categorical variables. Logistic regression analysis was used to assess the preterm labour and caesarean section rate between mild adenomyosis and severe adenomyosis. P < 0.05 was considered to indicate a significant difference.
Results
Pregnant women with adenomyosis were divided into two groups according to the volume of adenomyosis (V): the mild group (V<500 cm3) and the severe group (V≥500 cm3). We collected epidemiological data from the mild group and severe group, and the results are shown in Table 1. There were no differences in maternal age, number of spontaneous abortions, parity or method of pregnancy. The comparison of pregnancy outcomes between the two groups is shown in Table 2. The results showed that in the severe group, the preterm birth rate was 18.5%, higher than the mild group(10.2%). The rate of caesarean section was 67.9%, higher than the mild group(49.8%). The new-born birth weight in the severe group was 3056.7±523.8g, lower than that in the mild group(3216.9±546.4g). Severe adenomyosis didn’t increase postpartum hemorrhage significantly. 
Logistic regression analysis was used to assess the influence of severity of adenomyosis on preterm labour and the caesarean section rate, and the results are shown in Table 3. The severity of adenomyosis was associated with higherpreterm labour rate(odd ratio 1.991;95% CI 0.969-4.090).and higher caesarean section rate(odd ratio 2.136; 95% CI1.114-2.672). We analysed the clinical manifestations of preterm delivery, as shown in Table 4. The top three reasons attributable to preterm labour were spontaneous preterm birth, placenta previa with haemorrhage and preterm premature rupture of the membranes (PPROM).
Discussion
Main findings
In this retrospective study, we aimed to elucidate the relationship between the severity of adenomyosis and pregnancy outcomes. A volume of adenomyosis <500 cm3 (approximately 5 cm in diameter) was defined as mild, whereas a volume of adenomyosis ≥500 cm3 was defined as severe. We found that the preterm labour rate in the severe group was higher than the mild group(18.5% versus 10.2%), both higher than the average preterm rate of 7.3% in China.14 The the caesarean section rates was significantly increased, gestational week at delivery was earlier, and the new-born birth weight was significantly decreased in the severe group. The top three reasons attributable to preterm labour were spontaneous preterm birth, placenta previa with haemorrhage and preterm premature rupture of the membranes (PPROM).
Strengths and limitations

1. We studied 286 labours with detailed data in one hospital, which was advantageous towards reducing the interfering factors.
2. We were the first to employ the volume of adenomyosis as the measure index. The improved resolution power of ultrasound equipment makes the diagnosis and measurement of adenomyosis easy.
3. We emphasized severe adenomyosis, which was associated with a higher preterm labour rate, a higher caesarean section rate, an earlier gestational week at labour, and a lower birth weight.
4. Data from pregnancies between the 20th and 28th weeks of gestation and from multiple pregnancies were not included in our study.
Interpretation

Our study showed that the incidence of preterm delivery in the mild group was 10.2%, but the incidence of preterm delivery in the severe group was 18.5%, which was significantly higher than that of the mild group (OR 1.991;95% CI0.969-4.090). We emphasized the relationship between severe adenomyosis and preterm labour. Based on 36 patients who experienced preterm labour in our study, the most common reasons for preterm labour were spontaneous labour (33.3%), placenta previa with haemorrhage (16.7%) and PPROM (16.7%). Inflammation may be the common mechanism that leads to preterm labour. Studies have shown that adenomyotic nodules are involved in inflammation. The increased expression of IL-1, CRH and Ucn in adenomyosis can activate the COX-2/PGE2 pathway, and PGE2 is involved in labour initiation.15 Caixia Li et al reported that LOX-5 and COX-2 are overexpressed in eutopic endometrium and ectopic endometrium, and positive correlations with IL‑6 and IL‑8 were shown, suggesting that adenomyotic lesions were present in inflammatory pathological conditions.16 Inflammation is also involved in the pathogenesis of preterm labour17 placenta previa18 and PPROM.19
Adenomyosis is a kind of fibrotic disease. Fibrosis, vascular density and platelet aggregation are all increased in adenomyosis. TGF-β1 and phosphorylated Smad3 expression, markers of epithelial-mesenchymal transition (EMT), fibroblast-to-myofibroblast transdifferentiation (FMT), and smooth muscle metaplasia (SMM), were increased in adenomyotic lesions.2 Fibrosis of the myometrium and a decreased blood supply in adenomyotic lesions2 may be related to shallow implantation, poor maternal foetal circulation, a decrease in uterine compliance and an abnormal increase in uterine pressure in the early stage of pregnancy. The new-born birth weight of the severe adenomyosis group was decreased significantly, indicating that the adenomyotic lesions had an adverse impact on the support of the foetus. 
Adenomyosis can be divided into type I and type II according to the location of the lesion. Type I adenomyosis can coexist with endometrial invagination. Since it is related to a history of multiple curettages and multiple deliveries, type I adenomyosis may be derived from endometriosis infiltration to the myometrium, while type II adenomyosis is related to pelvic endometriosis and pelvic endometriosis to the myometrium.20 It is difficult to differentiate the type of adenomyosis during pregnancy; however, regardless of type I or type II, fibrotic and inflammatory reactions of the myometrium are observed. In this study, we divided pregnant women with adenomyosis into mild and severe groups according to the volume of adenomyosis. There was a significant difference in the rate of preterm delivery between the two groups. The abnormal fibres and inflammatory state of the uterus may be directly related to the size of the adenomyotic lesion.
Obstetrics specialists should pay attention to uterine rupture, postpartum haemorrhage and pelvic adhesions in pregnancies complicated by severe adenomyosis. U Indraccolo reported a case of uterine rupture in 2005.21 During our study, we observed 2 cases of uterine rupture. One occurred at the 25th week, with no history of uterine surgery, and the volume of adenomyosis was 549 cm3; the patient experienced abdominal pain, stillbirth and severe blood loss. Another occurred at the 35th week in a patient with a history of myomectomy, and the volume of adenomyosis was 624 cm3; the patient experienced foetal distress but no pain. Fortunately, the baby survived, but the patient experienced severe blood loss. Both of the two cases were classified into the severe group. Uterine rupture might also be related to severe adenomyosis. Although the results showed that severe adenomyosis did not significantly increase the incidence of postpartum haemorrhage, the incidence of 2-hour postpartum haemorrhage or the incidence of massive postpartum haemorrhage, we observed the increased use of carbetocin and Hemabate. During caesarean section procedures for pregnancies complicated by adenomyosis, a large proportion of uterine inflammation and pelvic adhesion cases were identified, consistent with the report by Istrate-Ofiţeru et al.22
Conclusion

Severe adenomyosis can be used as a marker of adverse pregnancy outcomes. Severe adenomyosis is related to an earlier gestational week at delivery, higher risk of preterm labour, higher caesarean section rate, and lower new-born birth weight than mild adenomyosis. There was no significant increase in the proportion of postpartum haemorrhage by using drugs to enhance uterine contractions.
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Table 1. Epidemiological data from the study population

Table 2. Pregnancy outcomes of the mild group versus the severe group

Table 3. Logistic regression analysis of adenomyosis severity and adverse outcome
Table 4. Analysis of 36 patients who experienced preterm delivery
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