
 

 
 

 

 
J. Clin. Med. 2022, 11, 4814. https://doi.org/10.3390/jcm11164814 www.mdpi.com/journal/jcm 

Article 

The Prevalence and Clinical Impact of Adenomyosis  

in Pregnancy-Related Hysterectomy 

Michele Orsi 1,2,3,*, Edgardo Somigliana 1,2, Fulvia Milena Cribiù 4,5, Gianluca Lopez 4, Laura Buggio 6,  

Manuela Wally Ossola 1 and Enrico Ferrazzi 1,2 

1 Department of Woman, New-Born and Child, Fondazione Istituto di Ricovero e Cura a Carattere Scientifico 

Ca’ Granda Ospedale Maggiore Policlinico, Via della Commenda, 12, 20122 Milan, Italy 
2 Department of Clinical Sciences and Community Health, Università degli Studi di Milano,  

Via Festa del Perdono, 7, 20122 Milan, Italy 
3 Maternal-Infant Department, Azienda Socio Sanitaria Territoriale Rhodense, Garbagnate Hospital, Via Carlo 

Forlanini, 95, 20024 Milan, Italy 
4 Pathology Unit, Fondazione Istituto di Ricovero e Cura a Carattere Scientifico Ca’ Granda Ospedale 

Maggiore Policlinico, Via Francesco Sforza, 35, 20122 Milan, Italy 
5 Pathology Unit, Azienda Socio Sanitaria Territoriale Bergamo Ovest, Treviglio-Caravaggio Hospital, 

Piazzale Ospedale Luigi Meneguzzo, 1, 24047 Treviglio, Italy 
6 Gynecology Unit, Fondazione Istituto di Ricovero e Cura a Carattere Scientifico Ca’ Granda Ospedale 

Maggiore Policlinico, Via della Commenda, 12, 20122 Milan, Italy 

* Correspondence: michele.3@hotmail.it 

Abstract: Background: The epidemiology of adenomyosis has been traditionally based on patients 

undergoing hysterectomy for gynecological indications, while its prevalence among 

hysterectomies performed for obstetric complications is unknown. The aim of this study was to 

assess the prevalence and clinical impact of adenomyosis diagnosed through histology among 

women undergoing pregnancy-related hysterectomy (PH). Methods: This was a retrospective 

cohort study. Women who delivered at a tertiary care regional obstetric hub in Milan between 2009 

and 2020 were reviewed to identify cases of PH. Histopathological reports of surgical specimens 

were examined. Cases with adenomyosis were compared to those without adenomyosis for 

baseline characteristics, obstetric history and outcomes. Results: During the study period there 

were 71,061 births and a total of 130 PH, giving a PH incidence of 1.83 per 1000 deliveries. 

Adenomyosis cases were 18, giving a prevalence of 13.8%. Adenomyosis was associated with 

placenta previa (77.8 vs. 45.5%, p = 0.01), chorionamnionitis (27.8 vs. 5.4%, p = 0.008), lower 

gestational age at birth (32 ± 4.6 vs. 35.5 ± 3.6 weeks’ gestation, p = 0.0004), and intrauterine fetal 

demise among twin pregnancies (50 vs. 4.5%, p = 0.048). Conclusion: Adenomyosis entails a 

relevant impact on obstetric and perinatal outcomes related to PH. More evidence is needed on the 

clinical relevance of an ultrasonographic diagnosis of adenomyosis before conception. 

Keywords: adenomyosis; pregnancy-related hysterectomy; endometriosis; placenta previa; 

chorionamnionitis; preterm birth 

 

1. Introduction 

Adenomyosis is a benign gynecological disorder defined by the ectopic presence of 

endometrial glands and stroma within the uterine myometrium that results hypertrophic 

and hyperplastic [1,2]. Related symptoms include heavy menstrual periods, 

dysmenorrhea, and chronic pelvic pain, resulting in a significant impact on women’s 

quality of life [3,4]. Furthermore, there is growing evidence that this condition entails a 

relevant impact on fertility and pregnancy outcomes through anatomical, functional and 

immunochemical alterations of the uterine environment [5–11].  

Transvaginal ultrasound is the method of first choice for diagnosis and decision 
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making, while magnetic resonance is needed only in selected cases [12–14]. Definitive 

confirmation is traditionally based on histological examination at hysterectomy [15,16]. 

During the last decade, ultrasound-guided and laparoscopic approaches for uterine 

biopsy have been investigated, reporting variable sensitivity and high specificity in 

detecting myometrial lesions including adenomyosis [17–20]. While this approach is 

promising, no conclusive recommendations have yet been published regarding the 

optimal sampling technique [17]. Therefore, most epidemiological data on adenomyosis 

derive from patients undergoing hysterectomy for gynecological indications [16,21].  

To the best of our knowledge, no data are available regarding the prevalence of 

adenomyosis among hysterectomies performed for obstetric complications.  

Pregnancy-related hysterectomy (PH) is usually performed as a life-saving 

procedure for uncontrollable hemorrhage, placenta accreta spectrum disorders, uterine 

rupture, or sepsis [22]. The World Health Organization (WHO) identified PH as a maternal 

near-miss criterion for obstetric systems surveillance [23,24]. The analysis of these cases has 

been promoted to implement strategies aimed at improving peripartum safety [25]. 

In this manuscript, we present the results of a retrospective study conducted at a 

single high-clinical volume obstetric hub to investigate the frequency and clinical impact 

of adenomyosis in women who underwent hysterectomy for severe obstetric 

complications. 

2. Materials and Methods 

2.1. Study Population 

We reviewed the medical records of all women who underwent PH between 2009 

and 2020 at the Mangiagalli Centre, Fondazione IRCCS Ca’ Granda Ospedale Maggiore 

Policlinico. This is the largest tertiary-care regional obstetric hub in Lombardia, Northern 

Italy, and affiliated with the University of Milan. 

PH was defined as the surgical removal of the uterus performed for obstetric 

complications within the first 42 days after delivery [22]. Histopathological reports of 

surgical specimens were reviewed. Cases with adenomyosis were compared to those 

without adenomyosis for baseline characteristics, obstetric and gynaecological history, 

index pregnancy information and outcomes. 

The local Ethics Committee Milan Area 2 approved the research protocol (approval 

no. 35_2021, 14 January 2021). All participants’ rights were protected in agreement with 

the Good Clinical Practice and the Helsinki Declaration.  

2.2. Histopathological Analysis  

Standard processing of surgical specimens included a minimum of four 

full-thickness samples obtained from the anterior and posterior uterine walls of the 

uterine body and cervix. At least one of them systematically included the placental 

implant, in order to assess the endo-myometrial interface for suspected or unexpected 

abnormal placentation. Adenomyosis was diagnosed when the distance between the 

lower border of the endometrium and the affected myometrial area was over one-half of 

a low-power field (−2.5 mm) [26]. Additional myometrial evaluations were made if 

macroscopic inspection highlighted areas of pathologies.  

2.3. Statistical Analysis  

The Kolmogorov–Smirnov test was used to assess normality of continuous 

variables. Student’s t-test and the Mann–Whitney U test were chosen for the analysis of 

normally and non-normally distributed continuous variables, respectively. Chi-square 

analysis or the Fisher Exact test were used for categorical variables, as appropriate. All 

tests were two-sided, and p values lower than 0.05 were stated as statistically significant. 

IBM SPSS 22.0 (Armonk, NY, USA) software was used for statistical analyses. 
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3. Results  

During the 12-years study period, we recorded a total of 71,061 births and 133 

associated hysterectomies. Three cases were excluded because the indication for elective 

postpartum hysterectomy was cervical cancer, leaving the study group consisting of 130 

PH cases and giving an incidence of 1.83 per 1000 deliveries (Figure 1).  

 

Figure 1. Flow diagram of study population. 

Adenomyosis was diagnosed in 18 cases, resulting in a prevalence of 13.8%. 

Representative cases are illustrated in Figure 2 (macroscopic specimen) and Figures 3–6 

(histological findings). Table 1 shows baseline characteristics of women with and without 

adenomyosis. In 14 of the 18 affected cases the medical history was silent as regards a 

pre-pregnancy diagnosis of adenomyosis. Previous surgery for endometriosis was 

significantly more frequent in subjects with adenomyosis. Previous hysteroscopic 

metroplasty for uterine septum was also more frequent in the adenomyosis group. All 

cases were for incomplete septum. Regarding the indication, in two cases in the affected 

group, and in one in the unaffected group, it was multiple abortions. In the other two 

cases, one for each group, the indication was a large septum with a depth over 2 cm. One 

patient in the non-adenomyosis group had a history of hysteroscopic metroplasty and 

laparoscopic myomectomy, while no overlap between different types of previous pelvic 

surgery was observed in the adenomyosis group. 
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Figure 2. Macroscopic surgical specimen. The uterine cervix is indicated by the surgeon’s finger on 

the lower side. Above the cervix, the lower uterine segment is bulging because of the presence of 

placenta previa accreta with evidence of reduced myometrial thickness and massive 

neovascularization. On the upper uterine corpus, longitudinal caesarean section scar avoiding the 

placental edge is shown. 

 

Figure 3. Representative microphotograph of a post-partum uterus with adenomyosis. 

Hematoxilin and eosin (H&E), 1×. At low-power magnification, the placental implant is evident on 

the right, and with the underlying adenomyosis on the left. 
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Figure 4. H&E, 4×. The decidualized adenomyosis focus demonstrated large endometrial glands, 

some with ectasia, and an underlying endometrial stroma. 

 

Figure 5. H&E, 10×. The glandular cells of the decidualized endometrium in the adenomyosis foci 

shows hypersecretive features, such as a clear cytoplasm. 
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Figure 6. CD10, 10×. Immunohistochemistry for CD10 highlights the endometrial stroma. 

Table 1. Baseline characteristics of the study population stratified by presence or absence of 

adenomyosis. 

Characteristics  
Adenomyosis  Non-A.  

p-Value  
n = 18 % or SD n = 112 % or SD 

Maternal age (years) 39.7 5.2 37.6 4.5 0.08 

Country of origin      

Italy 13 72.2 71 63.4 0.47 

Others 5 27.8 41 36.6  

Level of education      

Lower level 5 27.8 12 10.7 0.1 

High school 4 22.2 25 22.3 0.76 

University education 6 33.3 45 40.2 0.58 

Missed 3 16.7 30 26.8  

Occupational status      

Working 13 72.2 78 69.6 0.78 

No-working 3 16.7 15 13.4  

Missed 2 11.1 19 17.0  

Marital status      

Married 12 66.7 78 69.6 0.8 

Unmarried 6 33.3 34 30.4  

Obstetric history      

Nulliparous 15 83.3 84 75.0 0.44 

Previous vaginal delivery 3 16.7 28 25.0 0.45 

One previous caesarean 6 33.3 25 22.3 0.31 

Two or more previous caesarean 4 22.2 27 24.1 0.86 

Previous curettage for abortion 8 44.4 32 28.6 0.17 

Gynecological disease      

Previous surgery for uterine fibroid * 2 11.1 6 5.4 0.35 

Uterine fibroid ** 4 22.2 7 6.3 0.07 

Previous surgery for endometriosis *** 3 16.7 3 2.7 0.004 

Previous adenomyomectomy **** 1 5.6 0 0.0 0.13 

Endometriosis ** 5 27.8 9 8.0 0.035 

Previous hysteroscopic metroplasty for uterine septum ***** 3 16.7 2 1.8 0.017 

Data are expressed as mean ± SD or Number and %. * Surgical technique (Adenomyosis/Non-A. 

group): Laparotomy (2/4); Laparoscopy (0/2); the endometrial cavity was involved in two cases of 

the Non-A group. ** Inclusion by medical history and post-PH histology. *** Surgical technique 
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(Adenomyosis/Non-A. group): Laparotomy (1/0); Laparoscopy (2/3). **** Surgical technique: 

Laparotomy; the endometrial cavity was not involved. ***** Surgery was reported as unremarkable 

(no complications) in all cases. 

Table 2 illustrates pregnancy variables. Cases of PH with adenomyosis were 

significantly associated with assisted reproductive technologies and placenta previa. 

Among perinatal outcomes, adenomyosis was significantly associated with 

chorionamnionitis, lower gestational age at birth and intrauterine fetal demise in twin 

pregnancies. 

Table 2. Pregnancy outcome stratified by presence or absence of adenomyosis. 

Characteristics  
Adenomyosis  Non-A.  

p-Value  
n = 18 % or SD n = 112 % or SD 

Pregnancy complications      

Twin gestation 4 22.2 23 20.5 0.87 

Assisted reproductive technology 9 50.0 22 19.6 0.01 

Hypertensive disorder of pregnancy 1 5.6 10 8.9 0.71 

Placenta previa 14 77.8 51 45.5 0.01 

Placenta accreta spectrum 12 66.7 60 53.6 0.3 

Preterm premature rupture of membrane 2 11.1 6 5.4 0.34 

Antepartum bleeding 3 16.7 10 8.9 0.31 

Mode of delivery      

Vaginal delivery 0 0.0 15 13.4 0.13 

Elective caesarean 12 66.7 63 56.3 0.41 

Emergency caesarean 6 33.3 34 30.4 0.8 

Clinical indication for hysterectomy      

Haemorrhage: placenta previa or accreta spectrum 11 61.1 57 50.9 0.3 

Haemorrhage: uterine atony 4 22.2 49 43.8 0.14 

Uterine rupture 2 11.1 3 2.7 0.28 

Sepsis 1 5.6 3 2.7 0.51 

Maternal and fetal outcomes      

Estimated blood loss (ml, SD) 4072 2055.0 4726 3195.0 0.41 

Packed red cells units transfused 7.3 5.6 9.5 6.4 0.17 

Major surgical complications * 5 27.8 20 17.9 0.34 

Medical complications ** 0 0.0 8 7.1 0.59 

Gestational age at delivery (weeks, SD) 32 4.6 35.5 3.6 0.0004 

Small for gestational age at birth 2 11.1 7 6.3 0.6 

Chorionamnionitis 5 27.8 6 5.4 0.008 

Stillbirth 2 11.1 1 0.9 0.07 

Intrauterine fetal demise in twin pregnancy 2 50.0 1 4.5 0.048 

Data are expressed as mean ± SD or Number and %. * Urinary tract lesion, relaparotomy.  

** Disseminated intravascular coagulation, haemorrhagic shock, kidney failure. 

4. Discussion 

The prevalence of adenomyosis in pregnancy related hysterectomies in the study 

period of twelve years was 13.8%. In most cases, the medical history was silent as regards 

a pre-pregnancy diagnosis of the disease. Cases of PH with adenomyosis reported more 

frequently a history of endometriosis, assisted reproductive technologies, and surgery for 

uterine septum. Placenta previa, chorioamnionitis and earlier gestational age at delivery 

were also significantly associated with the presence of the disease. 

To the best of our knowledge, this is the first study focusing on the clinical burden of 

adenomyosis among women undergoing hysterectomy for obstetric complications, 

providing the opportunity to investigate its impact from a new perspective. Moreover, as 

maternal near-miss criterion defined by WHO, the study of PH cases is expected to 

contribute to peripartum safety improvement [23,24]. 
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Only four of the eighteen affected cases in this series reported previous history of 

adenomyosis or endometriosis, of whom one had surgery for adenomyosis. To explain 

the remaining 14 cases with silent history, two hypotheses should be mentioned. First, an 

antecedent diagnostic suspicion of adenomyosis at imaging might have been missed at 

the medical history interview at the time of delivery. Secondly, the presence of the 

disease was unknown before pregnancy. The diagnostic delay up to 10 years that almost 

invariably characterizes adenomyosis diagnosis, and the frequently inappropriate 

sonographic imaging of the myometrium support the latter option [21,27]. In addition, in 

pregnancy, the diagnosis may be missed because the sonographic imaging of the 

myometrium is altered by the neovascularization. If these hypotheses were true, the 

potential impact of our findings would be amplified. Failure to diagnose adenomyosis 

may prevent affected patients from being identified as high-risk obstetric cases, as such 

denying the access to enhanced surveillance during pregnancy and delivery. 

As expected, adenomyosis has shown correlation with endometriosis and infertility, 

as evidenced by the increased employment of assisted reproductive techniques [5,6,28]. 

Furthermore, a higher frequency of placenta previa has been reported in the 

adenomyosis group. By altering the uterine environment through anatomical, functional 

and immunochemical mechanisms, adenomyosis has been proposed as a contributing 

factor in the pathophysiological link between endometriosis and abnormal placentation 

[9,29–34]. Both endometriosis and adenomyosis may disfigure the endometrial cavity 

and this might concur to the inefficient function of the uterus at the time of delivery. 

Besides, adenomyosis shares major risk factors with placenta accreta spectrum disorders. 

Probably, no correlation emerged in this study because the population was highly 

selected and there was a high frequency of previous caesareans in both groups. In our 

opinion, further investigations in this area would be valuable [9]. 

The correlation between adenomyosis and previous hysteroscopic metroplasty is an 

intriguing finding. Since this type of surgery directly involves the endo-myometrial 

junctional zone, it could be hypothesized as having a role in adenomyosis etiology as for 

other interventions such as caesarean section or curettage for abortion [15,35,36]. In 

addition, several cases of uterine rupture have been reported after complicated and 

uncomplicated hysteroscopic metroplasty, suggesting a possible role in the uterine wall 

weakening [37,38]. In our series, we reported one case of uterine rupture following 

hysteroscopic metroplasty in the adenomyosis group, and one in the unaffected group. 

However, comparative retrospective studies have failed to confirm a clear correlation 

between this surgical procedure and obstetric complications in subsequent pregnancies 

[39–41]. In our opinion, even if a causal contribution of this surgery in the genesis of 

adenomyosis is plausible, the presence of both factors could synergistically increase the 

risk of obstetric complications regardless of their reciprocal correlation. Further evidence 

on this issue would be valuable. 

Furthermore, the correlation between adenomyosis and previous pelvic surgery in 

general deserves to be discussed. Given the study design, it is not possible to disentangle 

whether the increased frequency of prior surgery for endometriosis and metroplasty 

played a role in the genesis of adenomyosis, or directly cogenerated the complications 

that led to PH. However, surgery for endometriosis usually doesn’t involve the 

myometrial layer. Besides, we did not observe a significant difference between the two 

groups in terms of previous surgery with higher myometrial impact, such as previous 

caesarean and myomectomy. Therefore, while assuming that in some cases adenomyosis 

may recognize a postsurgical origin, we can reasonably presume that in our study the 

differences observed were primarily due to the presence of the disease rather than to 

previous surgery. 

Previous studies reported higher risk of preterm birth and preterm premature 

rupture of membranes (pPROM) associated with adenomyosis [5–8]. Consistent with 

these findings, cases of adenomyosis in our study showed a one-month lower gestational 

age at birth compared to the unaffected group. Even if the association with pPROM was 
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not confirmed, an indirect correlation may be derived from the more frequent 

histological evidence of chorionamnionitis among the affected cases. Multiple factors 

could have contributed to this finding, including a combination of pPROM, antepartum 

bleeding, and intrauterine fetal death. 

Restricting the analysis to twin gestations, we registered a higher frequency of 

intrauterine fetal demise among patients with adenomyosis, confirming a recent report 

by Kim et al. [42]. 

Some main strengths and limitations of this study deserve to be considered. The 

high-volume institution and the 12-years study period allowed a comprehensive analysis 

and inclusion of a relevant number of PH, which is a relatively infrequent situation. As a 

referral hospital, the availability of gynecological pathologist ensured adequate 

experience in identifying the disease. 

The standard analysis of surgical specimens may have played an ambivalent role. It 

certainly has the advantage of pursuing a reproducible method, allowing investigation 

over a long period. On the other hand, standard sampling technique could potentially 

have missed some cases of focal adenomyosis, in particular adenomyosis of the outer 

myometrium. As a consequence, we were not able to provide a reliable distinction 

between different phenotypes of adenomyosis. In agreement with the literature derived 

from the analysis of gynecological specimens, we believe that a prospective investigation 

of obstetric cases based on the inclusion of multiple samples could lead to the detection of 

a higher prevalence of adenomyosis [15,16,21]. In our opinion, the most important 

limitation of the study is the generalizability of results. The study population consisted of 

women who had undergone hysterectomy, which is a very rare event in obstetric care. It 

is usually performed as an emergency life-saving procedure when conservative 

treatments have failed. Furthermore, the experience of a single referral hospital is 

undoubtedly influenced by the higher concentration of high-risk obstetric cases when 

compared to the general population. These issues may limit the generalizability of our 

findings. Finally, the retrospective design is unable to clarify cause-effect relationships. 

5. Conclusions 

Adenomyosis is associated with more challenging obstetric and perinatal outcomes 

among women undergoing PH. Even if a causal relation cannot be firmly established 

(previous surgery may be a confounder), it can nonetheless be inferred that failed 

diagnosis of adenomyosis may hamper clinical awareness of enhanced obstetric risk. 

Adequate pregestational and prenatal counselling for women suffering from this 

condition is mandatory. Future investigations should focus on the prospective 

assessment of the impact of adenomyosis on obstetric care. 

Author Contributions: M.O.: Project design and development; data management; manuscript 

writing. E.S.: project development; data analysis; Manuscript editing. F.M.C. and G.L.: image 

processing; manuscript editing. L.B., M.W.O. and E.F.: manuscript editing. All the authors 

approved the final version. All authors have read and agreed to the published version of the 

manuscript. 

Funding: This study was partially funded by Italian Ministry of Health - Current Research IRCCS. 

Institutional Review Board Statement: The local Ethics Committee Milan Area 2 approved the 

research protocol (approval no. 35_2021, 14 January 2021). 

Informed Consent Statement: Since the study is retrospective, included subjects did not sign a 

specific informed consent. However, as a research institution affiliated with the University of 

Milan, all patients admitted during the study period were requested to sign consent for their data 

to be used for anonymized research purposes. 

Data Availability Statement: MO had access to the complete dataset used in the study and takes 

responsibility for the integrity of the data and accuracy of the data analyses. The dataset is available 

upon justified request. 



J. Clin. Med. 2022, 11, 4814 10 of 11 
 

 

Conflicts of Interest: All authors declare no conflicts of interest. There are no financial relations to 

report. 

References 

1. Bird, C.C.; McElin, T.W.; Manalo-Estrella, P. The elusive adenomyosis of the uterus—revisited. Am. J. Obstet. Gynecol. 1972, 112, 

583–593. https://doi.org/10.1016/0002-9378(72)90781-8. 

2. Benagiano, G.; Brosens, I. History of adenomyosis. Best Pract. Res. Clin. Obstet. Gynaecol. 2006, 20, 449–463. 

https://doi.org/10.1016/j.bpobgyn.2006.01.007. 

3. Ferrero, S.; Camerini, G.; Menada, M.V.; Biscaldi, E.; Ragni, N.; Remorgida, V. Uterine Ade-nomyosis in Persistence of 

Dysmenorrhea after Surgical Excision of Pelvic Endometriosis and Colorectal Resection. J. Reprod. Med. 2009, 54, 366–372. 

4. Naftalin, J.; Hoo, W.; Pateman, K.; Mavrelos, D.; Foo, X.; Jurkovic, D. Is adenomyosis associated with menorrhagia? Hum. 

Reprod. 2014, 29, 473–479. https://doi.org/10.1093/humrep/det451. 

5. Horton, J.; Sterrenburg, M.; Lane, S.; Maheshwari, A.; Li, T.C.; Cheong, Y. Reproductive, obstetric, and perinatal outcomes of 

women with adenomyosis and endometriosis: A systematic review and meta-analysis. Hum. Reprod. Updat. 2019, 25, 593–633. 

https://doi.org/10.1093/humupd/dmz012. 

6. Buggio, L.; Dridi, D.; Barbara, G. Adenomyosis: Impact on Fertility and Obstetric Outcomes. Reprod. Sci. 2021, 28, 3081–3084. 

https://doi.org/10.1007/s43032-021-00679-z. 

7. Shinohara, S.; Okuda, Y.; Hirata, S.; Suzuki, K. Adenomyosis as a Potential Risk Factor for Adverse Pregnancy Outcomes: A 

Multicenter Case-Control Study. Tohoku J. Exp. Med. 2020, 251, 231–239. https://doi.org/10.1620/tjem.251.231. 

8. Cozzolino, M.; Basile, F.; Pontrelli, G. Effects of adenomyosis on obstetric outcomes. Minerva Ginecol. 2019, 71, 146–154. 

https://doi.org/10.23736/S0026-4784.18.04318-6. 

9. Martone, S.; Centini, G.; Exacoustos, C.; Zupi, E.; Afors, K.; Zullo, F.; Maneschi, F.; Habib, N.; Lazzeri, L. Pathophysiologic 

mechanisms by which adenomyosis predisposes to postpartum haemorrhage and other obstetric complications. Med. 

Hypotheses 2020, 143, 109833. https://doi.org/10.1016/j.mehy.2020.109833. 

10. Bourdon, M.; Santulli, P.; Jeljeli, M.; Vannuccini, S.; Marcellin, L.; Doridot, L.; Petraglia, F.; Batteux, F.; Chapron, C. 

Immunological changes associated with adenomyosis: A systematic review. Hum. Reprod. Updat. 2021, 27, 108–129. 

https://doi.org/10.1093/humupd/dmaa038. 

11. Vercellini, P.; Consonni, D.; Dridi, D.; Bracco, B.; Frattaruolo, M.P.; Somigliana, E. Uterine adenomyosis and in vitro 

fertilization outcome: A systematic review and meta-analysis. Hum. Reprod. 2014, 29, 964–977. 

https://doi.org/10.1093/humrep/deu041. 

12. Bosch, T.V.D.; Van Schoubroeck, D. Ultrasound diagnosis of endometriosis and adenomyosis: State of the art. Best Pract. Res. 

Clin. Obstet. Gynaecol. 2018, 51, 16–24. https://doi.org/10.1016/j.bpobgyn.2018.01.013. 

13. Chapron, C.; Vannuccini, S.; Santulli, P.; Abrão, M.S.; Carmona, F.; Fraser, I.S.; Gordts, S.; Guo, S.-W.; Just, P.-A.; Noël, J.-C.; et 

al. Diagnosing adenomyosis: An integrated clinical and imaging approach. Hum. Reprod. Update 2020, 26, 392–411. 

https://doi.org/10.1093/humupd/dmz049. 

14. Tellum, T.; Nygaard, S.; Lieng, M. Noninvasive Diagnosis of Adenomyosis: A Structured Review and Meta-analysis of 

Diagnostic Accuracy in Imaging. J. Minim. Invasive Gynecol. 2020, 27, 408–418.e3. https://doi.org/10.1016/j.jmig.2019.11.001. 

15. Vercellini, P.; Viganò, P.; Somigliana, E.; Daguati, R.; Abbiati, A.; Fedele, L. Adenomyosis: Epidemiological factors. Best Pract. 

Res. Clin. Obstet. Gynaecol. 2006, 20, 465–477. https://doi.org/10.1016/j.bpobgyn.2006.01.017. 

16. Upson, K.; Missmer, S.A. Epidemiology of Adenomyosis. Semin. Reprod. Med. 2020, 38, 89–107. 

https://doi.org/10.1055/s-0040-1718920. 

17. Movilla, P.; Morris, S.; Isaacson, K. A Systematic Review of Tissue Sampling Techniques for the Diagnosis of Adenomyosis. J. 

Minim. Invasive Gynecol. 2020, 27, 344–351. https://doi.org/10.1016/j.jmig.2019.09.001. 

18. Luciano, D.E.; Exacoustos, C.; Albrecht, L.; LaMonica, R.; Proffer, A.; Zupi, E.; Luciano, A.A. Three-Dimensional Ultrasound in 

Diagnosis of Adenomyosis: Histologic Correlation with Ultrasound Targeted Biopsies of the Uterus. J. Minim. Invasive Gynecol. 

2013, 20, 803–810. https://doi.org/10.1016/j.jmig.2013.05.002. 

19. Nam, J.-H.; Lyu, G.-S. Abdominal Ultrasound-Guided Transvaginal Myometrial Core Needle Biopsy for the Definitive 

Diagnosis of Suspected Adenomyosis in 1032 Patients: A Retrospective Study. J. Minim. Invasive Gynecol. 2015, 22, 395–402. 

https://doi.org/10.1016/j.jmig.2014.08.006. 

20. Tellum, T.; Qvigstad, E.; Skovholt, E.K.; Lieng, M. In Vivo Adenomyosis Tissue Sampling Using a Transvaginal 

Ultrasound–guided Core Biopsy Technique for Research Purposes: Safety, Feasibility, and Effectiveness. J. Minim. Invasive 

Gynecol. 2019, 26, 1357–1362. https://doi.org/10.1016/j.jmig.2019.02.002. 

21. Loughlin, A.M.; Chiuve, S.E.; Reznor, G.; Doherty, M.; Missmer, S.A.; Chomistek, A.K.; Enger, C. Method used to identify 

adenomyosis and potentially undiagnosed adenomyosis in a large, U.S. electronic health record database. Pharmacoepidemiol. 

Drug Saf. 2021, 30, 1675–1686. https://doi.org/10.1002/pds.5333. 

22. Schaap, T.; Bloemenkamp, K.; Deneux-Tharaux, C.; Knight, M.; Langhoff-Roos, J.; Sullivan, E.; Akker, T.V.D.; Inoss Defining 

definitions: A Delphi study to develop a core outcome set for conditions of severe maternal morbidity. BJOG: Int. J. Obstet. 

Gynaecol. 2019, 126, 394–401. https://doi.org/10.1111/1471-0528.14833. 



J. Clin. Med. 2022, 11, 4814 11 of 11 
 

 

23. Say, L.; Souza, J.P.; Pattinson, R.C. WHO working group on Maternal Mortality and Mor-bidity classifications. Maternal near 

miss—Towards a standard tool for monitoring quality of maternal health care. Best Pract. Res. Clin. Obstet. Gynaecol. 2009, 23, 

287–296. https://doi.org/10.1016/j.bpobgyn.2009.01.007. 

24. World Health Organization. Evaluating the Quality of Care for Severe Pregnancy Complications: The WHO Near-Miss Approach for 

Maternal Health; World Health Organization: Geneva, Switzerland, 2011; ISBN 978-92-4-150222-1. 

25. Orsi, M.; Ossola, M.W.; Iurlaro, E.; Perugino, G.; Somigliana, E.; Ferrazzi, E. The impact of a multilevel approach to reduce 

emergency hysterectomy for postpartum haemorrhage: Insights from a tertiary referral centre in Northern Italy. Eur. J. Obstet. 

Gynecol. Reprod. Biol. 2022, 271, 152–157. https://doi.org/10.1016/j.ejogrb.2022.02.017. 

26. Zaloudek, C.J.; Hendrickson, M.R.; Soslow, R.A. Mesenchymal Tumors of the Uterus. In Blaustein’s Pathology of the Female 

Genital Tract; Kurman, R.J., Ellenson, L.H., Ronnett, B.M., Eds.; Springer US: Boston, MA, USA, 2011; pp. 453–527. ISBN 

978-1-4419-0489-8. 

27. Aas-Eng, M.K.; Montanari, E.; Lieng, M.; Keckstein, J.; Hudelist, G. Transvaginal Sonographic Imaging and Associated 

Techniques for Diagnosis of Ovarian, Deep Endometriosis, and Adenomyosis: A Comprehensive Review. Semin. Reprod. Med. 

2020, 38, 216–226. https://doi.org/10.1055/s-0040-1718740. 

28. Nirgianakis, K.; Kalaitzopoulos, D.R.; Schwartz, A.S.K.; Spaanderman, M.; Kramer, B.W.; Mueller, M.D.; Mueller, M. Fertility, 

pregnancy and neonatal outcomes of patients with adenomyosis: A systematic review and meta-analysis. Reprod. Biomed. 

Online 2021, 42, 185–206. https://doi.org/10.1016/j.rbmo.2020.09.023. 

29. Frincu, F.; Carp-Veliscu, A.; Petca, A.; Badiu, D.-C.; Bratila, E.; Cirstoiu, M.; Mehedintu, C. Maternal–Fetal Outcomes in Women 

with Endometriosis and Shared Pathogenic Mechanisms. Medicina 2021, 57, 1258. https://doi.org/10.3390/medicina57111258. 

30. Vercellini, P.; Parazzini, F.; Pietropaolo, G.; Cipriani, S.; Frattaruolo, M.P.; Fedele, L. Pregnancy outcome in women with 

peritoneal, ovarian and rectovaginal endometriosis: A retrospective cohort study. BJOG: Int. J. Obstet. Gynaecol. 2012, 119, 

1538–1543. https://doi.org/10.1111/j.1471-0528.2012.03466.x. 

31. Matsuzaki, S.; Nagase, Y.; Ueda, Y.; Lee, M.; Matsuzaki, S.; Maeda, M.; Takiuchi, T.; Kakigano, A.; Mimura, K.; Endo, M.; et al. 

The association of endometriosis with placenta previa and postpartum hemorrhage: A systematic review and meta-analysis. 

Am. J. Obstet. Gynecol. MFM 2021, 3, 100417. https://doi.org/10.1016/j.ajogmf.2021.100417. 

32. Lalani, S.; Choudhry, A.J.; Firth, B.; Bacal, V.; Walker, M.; Wen, S.W.; Singh, S.; Amath, A.; Hodge, M.; Chen, I. Endometriosis 

and adverse maternal, fetal and neonatal outcomes, a systematic review and meta-analysis. Hum. Reprod. 2018, 33, 1854–1865. 

https://doi.org/10.1093/humrep/dey269. 

33. Benaglia, L.; Candotti, G.; Papaleo, E.; Pagliardini, L.; Leonardi, M.; Reschini, M.; Quaranta, L.; Munaretto, M.; Vigano, P.; 

Candiani, M.; et al. Pregnancy outcome in women with endometriosis achieving pregnancy with IVF. Hum. Reprod. 2016, 31, 

2730–2736. https://doi.org/10.1093/humrep/dew210. 

34. Berlanda, N.; Alio, W.; Angioni, S.; Bergamini, V.; Bonin, C.; Boracchi, P.; Candiani, M.; Centini, G.; D’alterio, M.N.; Del Forno, 

S.; et al. Impact of endometriosis on obstetric outcome after natural conception: A multicenter Italian study. Arch. Gynecol. 

Obstet. 2022, 305, 149–157. https://doi.org/10.1007/s00404-021-06243-z. 

35. Parazzini, F.; Mais, V.; Cipriani, S.; Busacca, M.; Venturini, P. Determinants of adenomyosis in women who underwent 

hysterectomy for benign gynecological conditions: Results from a prospective multicentric study in Italy. Eur. J. Obstet. Gynecol. 

Reprod. Biol. 2009, 143, 103–106. https://doi.org/10.1016/j.ejogrb.2008.12.010. 

36. Riggs, J.C.; Lim, E.K.; Liang, D.; Bullwinkel, R. Cesarean Section as a Risk Factor for the De-velopment of Adenomyosis Uteri. J. 

Reprod. Med. 2014, 59, 20–24. 

37. Davis, A.A. A womb like a broken heart. BMJ Case Rep. 2018, 2018, bcr2017222075. https://doi.org/10.1136/bcr-2017-222075. 

38. Sentilhes, L.; Sergent, F.; Roman, H.; Verspyck, E.; Marpeau, L. Late complications of operative hysteroscopy: Predicting 

patients at risk of uterine rupture during subsequent pregnancy. Eur. J. Obstet. Gynecol. Reprod. Biol. 2005, 120, 134–138. 

https://doi.org/10.1016/j.ejogrb.2004.10.010. 

39. Agostini, A.; De Guibert, F.; Salari, K.; Crochet, P.; Bretelle, F.; Gamerre, M. Adverse Obstetric Outcomes at Term after 

Hysteroscopic Metroplasty. J. Minim. Invasive Gynecol. 2009, 16, 454–457. https://doi.org/10.1016/j.jmig.2009.03.021. 

40. Ono, S.; Kuwabara, Y.; Matsuda, S.; Yonezawa, M.; Watanabe, K.; Akira, S.; Takeshita, T. Is hysteroscopic metroplasty using 

the incision method for septate uterus a risk factor for adverse obstetric outcomes? J. Obstet. Gynaecol. Res. 2019, 45, 634–639. 

https://doi.org/10.1111/jog.13884. 

41. Šuster, N.K.; Gergolet, M. Does hysteroscopic metroplasty for septate uterus represent a risk factor for adverse outcome during 

pregnancy and labor? Gynecol. Surg. 2016, 13, 37–41. https://doi.org/10.1007/s10397-015-0916-2. 

42. Kim, M.S.; Jang, J.H.; Park, S.; Ahn, E.H.; Jung, S.H. Effect of adenomyosis on adverse obstetrical outcomes in twin pregnancies 

achieved with assisted reproductive technology. J. Obstet. Gynaecol. 2021, 41, 1225–1229. 

https://doi.org/10.1080/01443615.2020.1867969. 


