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Introduction

Within the myometrium, the ectopic endometrial tissues, 
which often migrate from the basalis layer and clonally 
expand,[1] express diffuse epigenic defects that result in altered 
responses of estrogens, resistances to progesterone, and other 
pathophysiology.[1‑3] Furthermore, at these sites, through cyclic 
tissue injury and repair, the tissues are often highly fibrotic.[1] 
Clinically, adenomyosis often occurs with endometriosis[4] and 
presents with overlapping symptoms, such as dysmenorrhea, 
heavy menstrual bleeding, chronic pelvic pain, and infertility. 
Approximately, 20% of cases of adenomyosis involve women 
younger than 40 and 80% are aged 40–50 years.[4] With women 
delaying their child‑bearing age and also earlier diagnoses of the 
disease, associations between adenomyosis and infertility have 
recently emerged. The objective of this review is to focus on 
the impacts of adenomyosis on fertility, challenges encountered 
during antiretroviral therapy  (ART) treatments, and current 
managements for optimizing their reproductive outcomes.

Associations of Adenomyosis and Infertility

When adenomyotic lesion infiltrates into the inner 
myometrium, it triggers local inflammation that involves 
platelet aggregation and hypoxia, thereby generating 
inflammatory cytokines and prostaglandins, as well as 
increasing local estrogen synthesis.[1] These events may 
cause uterine hyperperistalsis through estrogen receptor 
induction of oxytocin signaling and fibrosis due to epithelial–
mesenchymal‑transition and fibroblast‑to‑myofibroblast 
transdifferentiation. [1,5,6] While abnormal contraction 
waves are thought to interfere with gamete and embryo 

transport,[7] local inflammation[8] and fibrosis are considered 
the primary factors leading to an altered uterine milieu.[1,9] 
Insufficient expression of adhesion molecules  (integrins) 
and implantation markers like leukemia inhibitory factor, 
along with altered functioning of the embryonic development 
gene  (HOXA10) may impair the implantation process.[10] 
In addition, current research has found reduced number of 
luminal microvilli, impaired steroid hormone metabolism, 
and increased oxidative stress in the endometrium of patients 
with adenomyosis.[11]

Adenomyosis has also been linked to early pregnancy 
losses and potentially recurrent pregnancy losses (RPLs).[12] 
Through altered responses to progesterone,[13,14] impaired 
expressions of decidualization markers,[15] different immune 
and cytokine profiles,[16‑18] and dysregulated epigenetics 
and genetics,[19] adenomyosis affects implantation,[18] and 
placentation quality, thereby increases the risk of miscarriages 
and RPL.[12] Although the exact mechanisms of each theory 
still require further elucidations, the clinical presentation of 
infertility for this specific population of patients poses as a 
challenge to many clinicians.

Impacts on In vitro Fertilization Treatments

In a meta‑analysis that incorporated seventeen observational 
studies,[20] the authors primarily found that among patients 
undergoing ART, those with adenomyosis were significantly 
associated with a lower clinical pregnancy rate (CPR) (odds 
ratio  [OR] 0.69; 95% confidence interval  [CI] 0.51–0.94) 
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and a higher miscarriage rate (OR 2.17; 95% CI 1.25–3.79). 
Furthermore, in the subgroup of patients undergoing short 
downregulation protocols, the decrease in CPR was even 
more significant, despite adjusting for age. They also 
discovered that adenomyosis was significantly associated 
with risks of pregnancy‑induced hypertension, preterm birth, 
cesarean section, fetal malposition, low birth weight, and 
postpartum hemorrhage.

In a systemic review and meta‑analysis by Vercellini et al.,[4] 
reduced pregnancy and live birth rates  (LBRs) and an 
increased miscarriage rate were observed in women with 
adenomyosis. A  recent prospective observational cohort 
study[21] that utilized egg donation and single embryo 
transfer (ET) cycles in order to focus on infertility‑related 
uterine factors faced by patients with adenomyosis found that 
although the presence of adenomyosis did not significantly 
affect the implantation, clinical pregnancy, or LBRs, women 
with adenomyosis had a significantly higher miscarriage 
rate than those without  (35.4% vs. 18.1%, respectively). 
Therefore, the negative associations of adenomyosis on 
fertility outcomes, even after ART treatment, are not to be 
overlooked or oversimplified.

Current Managements

Drug therapy is often the preferred treatment modality, 
even for patients who have undergone surgery, as it is 
necessary to reduce the risk of recurrence. By altering the 
hormonal profile, drug therapy ultimately aims to create 
a hypoestrogenic environment.[22] For instance, combined 
oral contraceptive induces a pseudo‑gestational state that 
eventually leads to endometrial decidualization and atrophy 
of the endometrium and adenomyotic lesions. The local action 
of Levonogestrel[23] induces decidualization and atrophy 
of ectopic endometrial tissue by downregulating estrogen 
receptors and preventing further estrogenic stimulation. 
Meanwhile, dienogest, a fourth‑generation progestin 
with a high affinity for progesterone receptors, inhibits 
systemic gonadotropin secretion and provides additional 
anti‑proliferative and local anti‑inflammatory effects on the 
endometrial tissue.

Gonadotrophin‑releasing hormone  (GnRH) agonists can 
serve as a second‑line treatment for adenomyosis.[24] 
Continuous use of GnRH agonists suppresses the secretion 
of follicular‑stimulating hormone and luteinizing hormone. 
In addition, a significant reduction in uterine volume, as 
measured by ultrasonography, was observed after 16 weeks 
of GnRH agonist treatment.[25] Histologically, 3–6 months of 
GnRH agonist therapy significantly reduced the infiltration 
of CD68‑positive macrophages and the density of von 
Willebrand factor‑positive microvessels.[26] Compared to the 

untreated group, higher apoptotic indices and quantitative 
scores of activated caspase‑3 were observed in the eutopic 
endometrium, lesions, and uterine myometrium after GnRH 
agonist therapy.

When refractory to medical treatments or in severe cases, 
surgical intervention may be required. Although hysterectomy 
is the ultimate solution, it is not a possible option for patients 
desiring fertility.[27] With advances in surgical tools, imaging 
modalities, and minimal invasive options, the indications and 
approaches to adenomyomectomy differ depending on the 
surgeons. Various laparotomic methods have been explored 
to debulk maximally and minimize risks of uterine rupture.[28] 
Meanwhile, with appropriate techniques,[29,30] laparoscopic 
volume reduction of the adenomyotic lesions is feasible 
without massive blood loss associated complications. With 
so many options, adequate control of symptoms and ideal 
physical status are crucial and attainable, even when these 
patients are seeking or currently under fertility treatments.

The efficacy of pretreatment
A retrospective cohort study [31] included 537 women 
with adenomyosis, divided into three groups:  (Group A) 
underwent frozen ET  (FET) after long‑term GnRH agonist 
pretreatment; (Group B) underwent fresh ET using the ultra‑long 
GnRH agonist protocol; and  (Group C) underwent fresh ET 
using the long GnRH agonist protocol. The authors found that in 
Group A, the total gonadotrophin dose and stimulation duration 
were significantly lower than in Groups B and C. In addition, 
the implantation and LBRs in Group A were significantly higher 
than in Groups B and C. Increase in implantation rate, CPR, and 
LBR, along with a decrease in miscarriage rate, were also seen 
in Group A when compared to Group C. In fresh cycles, the 
LBR was significantly higher in the ultra‑long GnRHa protocol 
compared to the long GnRHa protocol. Overall, it was observed 
that FET after long‑term GnRHa pretreatment had beneficial 
effects on pregnancy outcomes for patients with adenomyosis. 
Interestingly, another retrospective study[32] noticed a higher 
CPR for patients who had a sevenfold or greater reduction of 
CA‑125 levels after GnRH agonist pretreatment.

Besides GnRH agonists, dienogest[33] or letrozole[34] have also 
shown comparative efficacies for these patients before their 
ART treatments. A longitudinal randomized control trial[34] 
compared patients with adenomyosis who received low‑dose 
letrozole  (n  =  79) or GnRH agonist  (n  =  77) before their 
in  vitro fertilization  (IVF) treatments. Assessments of the 
patients’ symptoms, such as dysmenorrhea and menorrhagia, 
hemoglobin level, and sonographic features, all showed 
improvement in both groups, with letrozole therapy being the 
more cost‑effective one. Therefore, for adenomyosis patients 
preparing to receive IVF treatments, it is imperative to choose 
a modality most suitable for each patient.
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To freeze or not to freeze?
In a recently published single‑center observational study 
analyzing 306 women with adenomyosis undergoing 
blastocyst ET,[35] the authors found that, compared to fresh 
ET, the freeze‑all group had significantly higher cumulative 
LBRs (86 individuals, 44.1% vs. 34 individuals, 30.6%) and 
cumulative ongoing pregnancy rates (88 individuals, 45.1% 
vs. 36 individuals, 32.4%). Even after multivariate logistic 
regression analysis, among women with adenomyosis, the 
freeze‑all strategy was associated with a higher likelihood 
of live birth  (OR 1.80; 95% CI 1.02–3.16). The authors 
suggested that adenomyosis‑affected endometrial receptivity 
may be more significantly impacted by controlled ovarian 
stimulation  (COS), and the freeze‑all strategy may be 
beneficial in avoiding the negative effects of COS on the 
already compromised uterine cavities.

In addition to the freeze‑all strategy, segmented ART protocol 
had shown encouraging results. It entails initiating IVF by 
freezing all embryos, followed by administering GnRH 
agonist or progestin for 3–6  months, and then arranging 
thaw ET.[22,36] Growing scientific evidence suggests that COS 
can lead to notable alterations in the endocrine profile of a 
reproductive cycle, particularly during the crucial early luteal 
phase.[36] These alterations may adversely impact implantation 
and early placental development. Therefore, for patients with 
adenomyosis, who are already more predisposed to these 
negative impacts, deferring ET to reduce the effects from 
COS may be a more suitable option for higher ART success.

Optimize outcomes with choices of in vitro fertilization 
protocol
Previously, the use of ultra‑long protocol in patients with 
adenomyosis had shown potential enhancement of CPR or 
live birth rate (LBR).[37] A widely accepted rationale being 
that downregulation induced by long‑acting GnRH agonist 
may counteract the hyperestrogenism and progesterone 
resistance associated with adenomyosis. However, the 
ultra‑long protocol may cause profound suppression of 
ovarian function, leading to increased duration and dosage 
of gonadotropin. Moreover, for adenomyosis patients with 
diminished ovarian reserve, the suppression induced by 
long‑acting GnRH agonists may result in poor ovarian 
response, characterized by reduced oocyte retrieval and 
unfavorable pregnancy outcomes. In a retrospective cohort 
study, Ge et al.[38] compared to 257 fresh ET and 305 FET. 
The authors found that when fresh ET was chosen, more 
advantageous results were seen in the ultra‑long or long 
protocol, in terms of the number of oocytes retrieved, the 
number of 2PN, number of high‑quality embryos on day 3, 
implantation rate, CPR, and LBR. Understandably, in a fresh 

cycle, if an antagonist protocol was used, freeze‑all followed 
by FET was recommended. Meanwhile, in the FET cycles, 
the choice of protocols did not impact pregnancy outcomes.

Conclusion

Even with the help of ART, infertile patients with adenomyosis 
have lower implantation rate and LBR and higher miscarriage 
rate.[20] Currently, many medical, surgical, and non‑invasive 
treatment modalities are available. However, in preparation 
for or during assisted reproduction treatments, the choice of 
protocol, fresh or frozen cycle, with or without pretreatment, 
and other factors play some parts in the pregnancy outcomes. 
When managing infertile patients with adenomyosis, it is 
important to monitor and control the disease before, during, 
and after their IVF treatments to not only optimize their 
pregnancy outcomes, but also reduce their symptomatic 
burdens.
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