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Introduction 

The most common gynecologic malignancy in developed coun-
tries is endometrial cancer (EC). Although typically diagnosed in 
postmenopausal individuals, 3%–14% of EC cases occur in those 
younger than 40 years. The overall incidence of EC has increased, 
most rapidly in the under 40 age group, the members of whom fre-
quently are nulliparous and strongly desire to keep their fertility [1-5]. 
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Endometrial cancer (EC) in young women tends to be early-stage and low-grade; therefore, such cases have good prognoses. Fertility-spar-
ing treatment with progestin is a potential alternative to definitive treatment (i.e., total hysterectomy, bilateral salpingo-oophorectomy, pel-
vic washing, and/or lymphadenectomy) for selected patients. However, no evidence-based consensus or guidelines yet exist, and this topic is 
subject to much debate. Generally, the ideal candidates for fertility-sparing treatment have been suggested to be young women with grade 
1 endometrioid adenocarcinoma confined to the endometrium. Magnetic resonance imaging should be performed to rule out myometrial 
invasion and extrauterine disease before initiating fertility-sparing treatment. Although various fertility-sparing treatment methods exist, in-
cluding the levonorgestrel-intrauterine system, metformin, gonadotropin-releasing hormone agonists, photodynamic therapy, and hystero-
scopic resection, the most common method is high-dose oral progestin (medroxyprogesterone acetate at 500–600 mg daily or megestrol 
acetate at 160 mg daily). During treatment, re-evaluation of the endometrium with dilation and curettage at 3 months is recommended. Al-
though no consensus exists regarding the ideal duration of maintenance treatment after achieving regression, it is reasonable to consider 
maintaining the progestin therapy until pregnancy with individualization. According to the literature, the ovarian stimulation drugs used for 
fertility treatments appear safe. Hysterectomy should be performed after childbearing, and hysterectomy without oophorectomy can also be 
considered for young women. The available evidence suggests that fertility-sparing treatment is effective and does not appear to worsen the 
prognosis. If an eligible patient strongly desires fertility despite the risk of recurrence, the clinician should consider fertility-sparing treatment 
with close follow-up. 

Keywords: Endometrial neoplasms; Fertility preservation; Uterine neoplasms  

Because EC in young women tends to be early-stage and low-grade, 
a good prognosis is anticipated for such cases [6,7]. The standard 
treatment for EC is total hysterectomy, bilateral salpingo-oophorec-
tomy (BSO), pelvic washing, and/or lymphadenectomy [8]. Although 
this treatment is highly effective, it results in the permanent loss of 
reproductive potential, which is problematic in young patients wish-
ing to preserve their fertility. Given both this fact and the increasing 
incidence of EC in younger patients, conservative management has 
drawn attention and has been increasingly investigated.  

The core of fertility-sparing treatment is progestin therapy, as un-
opposed estrogen is the main cause of EC. In fact, numerous studies 
on various dosages of progestin and other medicines have been 
published [9-16]. Although it is agreed that fertility-sparing treat-
ment can be considered for select young women with early-stage 
disease, the matter is complicated by the lack of evidence-based 



consensus or guidelines regarding target patients, treatment meth-
ods, and surveillance [17]. In this review, we will summarize data 
drawn from the recent literature and derive, both therefrom and 
from our own experience, answers to the aforementioned unre-
solved issues regarding fertility-sparing treatment. 

Ideal target patients 

Selecting ideal candidates for fertility-sparing treatment is crucial. 
Candidates should have a minimal risk of metastatic disease or local 
invasion and therefore a higher chance of regression; thus, the ideal 
candidates for fertility-sparing treatment have been suggested to be 
young women with grade 1 endometrioid adenocarcinoma con-
fined to the endometrium. Few studies [4,18-20] have reported the 
outcomes of fertility-sparing treatment for patients with more ad-
vanced disease. Park et al. [18] reported the outcomes of fertili-
ty-sparing treatment for grade 2–3 EC with or without superficial 
myometrial invasion. The rates of complete response (CR) to fertili-
ty-sparing treatment were 76.5%, 73.9%, and 87.5% for patients with 
stage IA (without myometrial invasion) grade 2–3 disease, patients 
with stage IA (with superficial myometrial invasion) grade 1 disease, 
and patients with stage IA (with superficial myometrial invasion) 
grade 2–3 disease, respectively [18]. Chae et al. [4] reported preg-
nancy outcomes of fertility-sparing treatments and demonstrated 
that a higher grade was also closely associated with pregnancy fail-
ure. Although a few reports have indicated that fertility-sparing 
treatment can be safe and effective for EC patients with grade 2–3 
disease or superficial myometrial invasion [4,18-20], expansion of 
the criteria for target patients is not yet recommended due to the 
paucity of high-quality evidence. 

Several groups have provided target-patient selection criteria that 
differ only marginally. The Japan Society of Gynecologic Oncology, 
the European Society of Gynecological Oncology, and the Society of 
Gynecologic Oncology have stated that fertility-sparing treatment 
can be considered for women with grade 1 endometrioid adenocar-
cinoma suspected of being confined to the endometrium [21-24]. 
The British Gynecological Cancer Society has suggested that fertili-
ty-sparing treatment may be safe in the short term for women ex-
hibiting grade 1 endometrioid adenocarcinoma with superficial 
myometrial invasion [25]. The Korean Society of Gynecologic Oncol-

ogy has recommended fertility-sparing treatment for grade 1 endo-
metrioid adenocarcinoma limited to the endometrium if the patient 
strongly desires it [26]. All of these criteria account for only grade 1 
endometrioid adenocarcinoma, while the criteria of these organiza-
tions regarding the degree of invasion, as alluded to above, differ 
only slightly. The recommendations are summarized in Table 1. 

Drawing together the above criteria, we believe that the proper 
target patients for fertility-sparing treatment are young women ex-
hibiting grade 1 endometrioid adenocarcinoma without myometrial 
invasion who strongly desire preservation of their fertility. 

Appropriate pre-management evaluation 

After confirmation of the histologic type of a tumor, imaging test-
ing should be performed to rule out myometrial invasion and extra-
uterine disease before starting fertility-sparing treatment. Although 
ultrasound, computed tomography (CT), or magnetic resonance im-
aging (MRI) can be used, contrast-enhanced MRI is known to be the 
superior method and offers the highest efficacy [27,28], especially in 
determining the presence of myometrial invasion. Lin et al. [29] re-
ported that fused T2-weighted and diffusion-weighted MRI had an 
88% accuracy in the assessment of myometrial invasion. CT can be a 
good tool for the assessment of the extrauterine encroachment of 
EC; however, Zerbe et al. [30] reported that the sensitivity of CT for 
the detection of adnexal involvement of EC was only 60%. Therefore, 
some authors have argued that diagnostic laparoscopy should be 
performed to rule out the presence of extrauterine disease before 
initiating fertility-sparing treatments [15]. They advocated that the 
occurrence of synchronous or metachronous endometrioid ovarian 
cancer in stage I EC limited to the endometrium in up to 25% of cas-
es is not negligible [15,31,32]. In contrast, the Korean Gynecolog-
ic-Oncology Group (KGOG) conducted a multicenter, retrospective 
study that showed the incidence of synchronous ovarian cancer in 
women under 40 years old to be 4.5% (21/471), which is much lower 
than reported elsewhere [32]. Additionally, that study showed that 
in patients with low-risk early EC on pretreatment (no myometrial in-
vasion, normal or benign-looking ovaries, normal CA-125, and grade 
1 endometrioid histology), which generally can be considered suit-
able for fertility-sparing treatments, no synchronous ovarian cancer 
was identified at all (0/21) [33]. On that basis, the KGOG concluded 

Table 1. Target-patient selection criteria for fertility-sparing treatment for endometrial cancer published by different groups

Group Target-patient selection criteria
KSGO, JSGO, ESGO, and SGO Grade 1 endometrioid adenocarcinoma confined to the endometrium
BGCS Grade 1 endometrioid adenocarcinoma confined to the endometrium (or with only superficial myometrial invasion)

KSGO, Korean Society of Gynecologic Oncology; JSGO, Japan Society of Gynecologic Oncology; ESGO, European Society of Gynecological Oncology; SGO, 
Society of Gynecologic Oncology; BGCS, British Gynecological Cancer Society.

https://doi.org/10.5653/cerm.2020.03629238
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that diagnostic laparoscopy is not mandatory in low-risk patients for 
fertility-sparing treatments [33]. To summarize, MRI is the best meth-
od available for the identification of myometrial invasion, and diag-
nostic laparoscopy prior to fertility-sparing treatments seems not to 
be mandatory. 

Treatment efficacy and primary modality 

To ascertain the efficacy of fertility-sparing treatments, a me-
ta-analysis of 32 studies was performed in 2012 and found that fertil-
ity-sparing treatment for EC was associated with a regression rate of 
76.2% and a relapse rate of 40.6% [6]. However, no consensus exists 
regarding which agent, dose, or duration of treatment is most effec-
tive. Generally, the most commonly employed agent is medroxypro-
gesterone acetate (MPA) at 400–600 mg daily or megestrol acetate 
(MA) at 160–320 mg daily, as shown in Table 2. Park et al. [11] con-
ducted a retrospective study showing that 115 of 148 patients 
(77.7%) achieved CR with oral MPA or MA and that MPA was associ-
ated with a lower risk of recurrence than MA (odds ratio, 0.44; 95% 
confidence interval, 0.22–0.88; p = 0.021). Interestingly, because no 
patients showed clinical progression at the time of recurrence, the 
authors concluded that fertility-sparing treatment is safe. The re-
sponse rates to MPA have varied widely by study group. According to 
a prospective study conducted by Ushijima et al. [34], the first of its 
kind, CR was achieved in 55% of women with EC who took 600 mg 
of MPA and low-dose aspirin orally. The outcomes of studies on fertil-
ity-sparing treatment with oral progestin [11,34-39] are summarized 
in Table 2. As these results were unsatisfactory, other options have 
been investigated. For example, the levonorgestrel-intrauterine sys-
tem (LNG-IUS) has been suggested, either as an alternative to or in 
combination with an oral agent. This system can reduce systemic ad-
verse effects and increase local effectiveness. In a prospective trial in-
volving the daily administration of 500 mg of oral MPA with LNG-IUS, 
Kim et al. [12] reported a CR rate of 87.5% (14/16 patients) and an 
average time to CR of 9.8 ± 8.9 months. Subsequent to that study, 

the KGOG conducted a multicenter prospective investigation [9] to 
evaluate the efficacy of combined oral MPA/LNG-IUD treatments. 
However, the CR rate at 6 months was only 37.1% (13/35 patients). 
This lower CR rate may have been due to the short treatment and 
follow-up periods [9]. 

A few other studies have considered agents other than progestin. 
Metformin, as an example, can also be used for the treatment of type 
2 diabetes mellitus. A meta-analysis revealed that metformin was as-
sociated with improved overall survival in EC patients [14]. Mitsu-
hashi et al. [40] reported that a regimen of MPA with metformin elic-
ited a better prognosis than treatment with MPA alone with respect 
to relapse-free survival. A gonadotropin-releasing hormone (GnRH) 
agonist combined with another agent also can be used. Several 
studies have reported the successful treatment of EC with a GnRH 
agonist along with an aromatase inhibitor or LNG-IUS [16,41,42]. Ad-
ditionally, others have reported positive outcomes of treatment in-
corporating photodynamic therapy [13] and of hysteroscopic resec-
tion of the lesion combined with progestin [43] or a GnRH agonist 
[44]. Table 3 shows a summary of the studies on fertility-sparing 
treatment using various methods. However, the data on drugs other 
than progestin are not yet sufficient to assess their efficacy and safe-
ty for fertility-sparing treatment. In summary, given that a number of 
studies have established the effectiveness of systemic progestin, we 
recommend high-dose oral progestin (MPA 500–600 mg/day or MA 
160 mg/day) as the primary choice of fertility-sparing treatment.  

Method of evaluation of post-treatment 
response 

Evaluation of the response is crucial, though no universally accept-
ed standard protocol currently exists. Various follow-up intervals 
have been reported [45,46], the most frequent being 3 months [47]. 
Endometrial re-evaluation at 3 months can be performed with dila-
tion and curettage (D&C), endometrial aspiration biopsy (EAB), or 
hysteroscopic biopsy. According to the literature [48], no significant 

Table 2. Studies on fertility-sparing treatment of endometrial cancer with oral progestin

Study Progestin dose (mg/day)
Treatment duration 

(mo)
Number of patients CR RE

Median follow-up 
duration (mo)

Ushijima et al. (2007) [34] MPA 600 < 6–7 22 12 (54.5) 2 (16.7) 47.9
Eftekhar et al. (2009) [35] MA 160–320 6–12 21 18 (85.7) 3 (16.7) 42
Mao et al. (2010) [37] MPA 250–500 or MA 160 3–9 6 4 (66.7) 0 50
Shirali et al. (2012) [36] MA 160–320 1–43 16 10 (62.5) 0 Unknown
Park et al. (2013) [11] MPA 500 or MA 160 2–31 148 115 (77.7) 35 (30.4) 41
Wang et al. (2014) [38] MA 160 8–20 37 30 (81.1) 15 (50.0) 78.6
Ohyagi-Hara et al. (2015) [39] MPA 400–500 3–6 16 11 (68.8) 9 (81.8) 45.5

Values are presented as number (%).
CR, complete response; RE, relapse; MPA, medroxyprogesterone acetate; MA, megestrol acetate.

www.eCERM.org 239

S Won et al.     Fertility-sparing treatment in women with EC



difference in accuracy exists between D&C and EAB at the time of the 
initial diagnosis of EC.  

However, concerns have been raised that not enough endometrial 
tissue is collected with EAB, due to progestin-induced endometrial 
atrophy at the time of re-evaluation. In fact, Kim et al. [49], based on 
their prospective study comparing the diagnostic accuracy of D&C 
with EAB in patients treated with high-dose oral progestin along 
with LNG-IUS, reported a diagnostic concordance of only 33% 
(κ = 0.27). Thus, EAB might not be reliable as a follow-up evaluation 
method; instead, re-evaluation with D&C at 3 months is recom-
mended over EAB. 

Necessity of maintenance treatment 

Regression has been reported to take 3 to 6 months to achieve 
with initial fertility-sparing treatments [50]. This notwithstanding, no 
consensus yet exists on the necessity of maintenance treatment. A 
meta-analysis of 29 studies reported a relapse rate for fertility-spar-
ing treatment of 40.6% regardless of maintenance treatment [6]. Ac-
cording to a study by Park et al. [51], relapse rates were 31%, but pa-
tients undergoing maintenance treatment (either a combined oral 
contraceptive [OC] or LNG-IUS) did not experience recurrence. On 
that basis, they concluded that maintenance treatment with cyclic 
OC or LNG-IUS can be administered to prevent recurrence. Several 
other studies [11,34,37] have also supported maintenance treat-
ment. For patients who do not desire to conceive, maintenance 
treatment with OC or LNG-IUS should be recommended to lower the 
risk of recurrence. Furthermore, no consensus exists regarding the 
duration of maintenance treatment; as shown in Table 2, several 
studies with various treatment durations have been conducted. 
Therefore, patients achieving CR should attempt to conceive imme-

diately if possible. If patient with CR does not want to conceive soon, 
the clinician should decide when to stop the maintenance treat-
ment. Recently, Chae et al. [4] reported that 49 patients who had ex-
perienced CR after treatment with 500 mg of MPA once daily tried to 
conceive, and 22 of those patients (44.9%) became pregnant. In that 
study, the maintenance treatment was stopped when two serial iter-
ations of D&C at 3 months showed no carcinoma. The maximum du-
ration of maintenance treatment was 49 months, and the duration 
of maintenance treatment was shown to have no effect on pregnan-
cy. Although it is reasonable to consider maintaining progestin ther-
apy until pregnancy, individualization may be required due to the 
lack of consensus. 

Safety of fertility treatment 

The safety of ovarian stimulation for EC patients remains uncer-
tain. Clomiphene citrate is the most frequently used drug in the ini-
tial protocol for ovulation induction and may be used with gonado-
tropins [52]. As these drugs lead to increased estrogen production 
during the follicular phase, concern exists that they will increase the 
risk of EC [53]. Silva Idos et al. [54], reporting a large cohort study of 
7,355 women among whom 43% were treated with ovulation-stim-
ulation drugs, stated that increased EC risk may be associated with 
increasing cumulative dose of clomiphene citrate and, possibly, the 
number of cycles. Park et al. [55] examined 141 EC patients after fer-
tility-sparing treatment. Among them, 44 patients tried to conceive 
with the aid of ovarian stimulation drugs, none of whom experi-
enced recurrence and 38 of whom became pregnant. Additionally, 
no significant differences in 5-year disease-free survival were present 
between the ovarian stimulation group and the non-medication 
group (p = 0.335). Recently, Kim et al. [56] reported that 26.3% of pa-

Table 3. Studies on fertility-sparing treatment of endometrial cancer with various attempted methods

Study Method Number of patients CR (%) RE (%)
Median follow-up  

duration (mo)
Kim et al. (2013) [12] MPA 500 mg/day+LNG-IUS 16 14 (87.5) 2 (14.3) Mean ± SD, 31.1 ± 11.8
Kim et al. (2019) [9] MPA 500 mg/day+LNG-IUS 35 13 (37.1) 0 6
Mitsuhashi et al. (2019) [40] MPA 400 mg/day+metformin (750–2,250 mg/day) 42 40 (95.2) 7 (17.5) 57
Zhou et al. (2017) [16] IM injections of GnRH agonist every 4 wk+LNG-IUS 17 15 (88.2) 1 (6.7) 18.7
Zhang et al. (2019) [42] IM injections of GnRH agonist every 4 wk+oral aro-

matase inhibitor 2.5 mg/day
6 6 (100) 0 48

Choi et al. (2013) [13] Photodynamic therapy 16 12 (75.0) 4 (33.3) Mean, 78
Falcone et al. (2017) [43] Hysteroscopic resection followed by MA 40–160 

mg/day or LNG-IUS
28 25 (89.3) 2 (8.0) 92

Tock et al. (2018) [44] Hysteroscopic resection followed by IM injections of 
GnRH agonist every 4 wk

9 5 (55.6) 1 (20.0) 40.7

Values are presented as number (%) unless otherwise indicated.
CR, complete response; RE, relapse; MPA, medroxyprogesterone acetate; LNG-IUS, levonorgestrel-intrauterine system; SD, standard deviation; IM, 
intramuscular; GnRH, gonadotropin-releasing hormone; MA, megestrol acetate.
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tients (6/22) who underwent in vitro fertilization after fertility-sparing 
treatments experienced recurrence over the course of a median 
41-month follow-up period, and all six were then treated with hys-
terectomy. Particularly noteworthy was the lack of significant differ-
ences in the total duration of gonadotropin use or total gonadotro-
pin use between patients with and without recurrence. Although 
that recurrence rate (26.3%) is not surprisingly high when compared 
with the rates of a cohort that achieved pregnancy after fertility-spar-
ing treatment without fertility treatment, Kim et al. [56] stated that 
longer durations with more cautious follow-up are needed in order 
to avoid missing cases of recurrence. To summarize, although various 
opinions on the safety of ovarian stimulation drugs exist, they do ap-
pear to be safe when combined with close follow-up. 

Post-childbearing necessity of hysterectomy 

No controversy exists regarding the necessity of hysterectomy af-
ter childbearing is completed, because recurrence rates after CR re-
main high [57]. One meta-analysis reported a relapse rate of 40.6% 
despite maintenance treatment [6]. BSO, however, is indeed contro-
versial. Conventionally, BSO was performed to lower the risk of recur-
rence for EC patients. However, many studies have reported that 
pre-menopausal oophorectomies were correlated with increased 
risk of premature death, coronary heart disease, stroke, and cognitive 
impairment [58-61]. Lee et al. [62] studied the impact of ovarian 
preservation on the recurrence and survival rates of premenopausal 
women with EC. Among 495 patients, 176 were in the ovarian-pres-
ervation group, and no differences in recurrence-free survival 
(p = 0.742) or overall survival (p = 0.462) were found between the 
ovarian-preservation group and the BSO group [62]. Similarly, anoth-
er study reported that 402 women with early EC who underwent 
ovary-preserving treatment showed no differences in survival com-
pared to 2,867 women with early EC who underwent BSO [63]. Al-
though the data supporting ovarian preservation in cases of EC are 
limited, ovarian preservation does seem to be both safe and advan-

tageous in cases of oocyte retrieval and surrogacy [17]. 

Conclusion 

The unresolved issues regarding the fertility-sparing treatment of 
EC are summarized in Table 4. As emphasized above, a lack of 
high-quality evidence exists regarding the efficacy and safety of fer-
tility-sparing treatments; therefore, no evidence-based consensus or 
guidelines have been published. The available evidence suggests 
that fertility-sparing treatment is effective and does not appear to 
worsen prognosis. If an eligible patient strongly desires fertility de-
spite the potential risk of recurrence, the clinician should consider 
fertility-sparing treatment with close follow-up. 
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Introduction 

Reproductive medicine is an emerging field that focuses on male 
and female reproductive tract function and associated clinical issues 
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In recent years, nanotechnology has revolutionized global healthcare and has been predicted to exert a remarkable effect on clinical medi-
cine. In this context, the clinical use of nanomaterials for cancer diagnosis, fertility preservation, and the management of infertility and other 
pathologies linked to pubertal development, menopause, sexually transmitted infections, and HIV (human immunodeficiency virus) has sub-
stantial promise to fill the existing lacunae in reproductive healthcare. Of late, a number of clinical trials involving the use of nanoparticles for 
the early detection of reproductive tract infections and cancers, targeted drug delivery, and cellular therapeutics have been conducted. How-
ever, most of these trials of nanoengineering are still at a nascent stage, and better synergy between pharmaceutics, chemistry, and cut-
ting-edge molecular sciences is needed for effective translation of these interventions from bench to bedside. To bridge the gap between 
translational outcome and product development, strategic partnerships with the insight and ability to anticipate challenges, as well as an in-
depth understanding of the molecular pathways involved, are highly essential. Such amalgamations would overcome the regulatory gaunt-
let and technical hurdles, thereby facilitating the effective clinical translation of these nano-based tools and technologies. The present review 
comprehensively focuses on emerging applications of nanotechnology, which holds enormous promise for improved therapeutics and early 
diagnosis of various human reproductive tract diseases and conditions. 

Keywords: Nanomedicine; Nanosensors; Nanotherapy; Reproductive health; Translational research

such as fertility preservation, infertility, pubertal development, 
menopause, and sexually transmitted infections (STIs), including 
AIDS (acquired immunodeficiency syndrome) and cancers [1]. Over 
the years, reproductive medicine has come a long way, as remark-
able technological advancements have given the gift of parenthood 
to infertile couples by empowering them to manage their fertility [2]. 
However, the objectives of reproductive medicine are not confined 
to only conception and delivery-related issues, but also include fertil-
ity-sparing treatments, selection and micromanipulation of gametes 
and embryos, in vitro culture, preimplantation genetic testing, and 
reproductive cryopreservation and associated diseases and condi-
tions [3,4]. Despite recent advances in this particular field of clinical 
medicine, the existing challenges are still enormous [5]. To confront 
such challenges, nanoengineering-based tools and technologies 
that offer minimally invasive detection and treatment of reproduc-
tive tract–associated pathologies are indispensable and warrant an 



innovative plan of action for the development of therapeutic inter-
ventions depending upon the stage and type of diseases and condi-
tions [6]. In order to put forward any such strategy, it is essential to 
design and develop novel applications using functionalized nano-
material-based methodologies that are rapid, selective, and sensitive 
in nature. Of course, the effective implementation of such interven-
tions will require careful validation in control, experimental, and field 
settings. 

The concept of nanotechnology dates back to 1959, when an 
American theoretical physicist, Professor Richard P. Feynman, at the 
Annual Physical Society Meeting at Caltech emphasized a conceptu-
al framework that involves direct manipulation of individual atoms 
using synthetic chemistry to develop denser computer circuit-
ry-based imaging platforms that could visualize tinier objects with 
higher resolution [7]. Although he never used the term “nanosci-
ence,” his pioneering views laid the foundation of the newly emerg-
ing field. In later years, Professor Norio Taniguichi, a MIT-based Amer-
ican engineer, drew significant attention from a wider audience to 
the nanotechnological field. During the 1990s, many nanotechno-
logical applications were derived from a specialized form of materials 
science [8]. However, these materials are currently used for a number 
of applications in various fields such as energy, electronics, food and 
agriculture, cosmetics, and healthcare. With the availability of enor-
mous opportunities and resources at public-funded institutions and 
in the industrial research and development sector, the field of nano-
technology is growing at an exponential scale. The trends in the de-
velopment of improved nanotechnological techniques over conven-
tional research and therapeutic approaches will inexorably encour-
age the rapid broadcasting of the nanobiotechnological “vision” to a 
growing number of research and clinical disciplines [9,10]. 

Over the last decade, the advent of new applications and technol-
ogies linked to biomedical nanotechnology have revolutionized ex-
isting preventive, diagnostic and treatment approaches. This innova-
tive approach has paved the way for development of improved and 
very sensitive tools for the investigation of the mechanisms underly-
ing the biology of various diseases. This has been the major driving 
force leading to the expansion of global health sector [11-13]. The 
global market of healthcare nanotechnology (including nanomedi-
cine) accounted for about 78.54 billion USD in 2012, which was ex-
pected to rise to 177.60 billion USD in 2020 with a compound annual 
growth rate of 12.3% from 2012 to 2020 [14]. A plethora of work is 
currently under progress in the healthcare sector. This includes a 
spectrum of systems that target specific cells or proteins from the 
systemic circulation to frameworks that incorporate multiple drugs 
and diagnostic agents, all the way to developing novel formulations 
that can deliver a diverse set of agents through the oral route. Some 
of these nanoproducts developed by the biotechnological and phar-

maceutical industry have demonstrated remarkable improvements 
in drug delivery systems, medical imaging, theranostics, biodegrad-
able implantable materials, tissue regeneration strategies, and diag-
nostic platforms [15,16]. 

Among the potential clinical applications of nanomaterial-based 
approaches, the use of investigational nanobiotechnological tools in 
reproductive medicine has already resulted in encouraging out-
comes in the treatment of several high-impact conditions, opening 
significant opportunities for alternative non-invasive or minimally-in-
vasive treatments for several traditionally “surgical” pathologies. The 
use of such tools has immensely contributed towards improved 
technologies for fertility preservation and the diagnosis and treat-
ment of infertility and other clinical problems associated with puber-
ty, menopause, STIs (including HIV [human immunodeficiency vi-
rus]), and cancers of the reproductive tract [17]. In reproductive biol-
ogy, the availability of versatile delivery vehicles with a large loading 
capacity and spontaneous internalization into target cells has creat-
ed unprecedented possibilities to explore and manipulate the fine 
mechanisms underlying reproduction and early embryo develop-
ment for research purposes. Of late, a few experimental investiga-
tions using nanodrug vectors for endometriosis, uterine fibroids, ec-
topic pregnancy, and trophoblastic diseases have also been report-
ed. Most of the trials involving nanoengineering methods for fertility 
regulation and treatment of reproductive cancers are still at the ini-
tial stage [18].  

The present review focuses on all emerging aspects of nanomate-
rial-based approaches for the precise identification, therapy, and 
monitoring of reproductive tract-associated disorders, which are at 
the center of attention in reproductive medicine, along with their 
bench-to-bedside translational potential to the point-of-care setting 
in a comprehensive fashion. 

Assisted reproductive technologies in clinical 
practice 

Reproductive medicine is an emerging discipline that not only 
deals with the application of novel approaches to address issues re-
lated to successful pregnancy and preservation of fertility, but also 
helps in the diagnosis and treatment of disorders or ailments that 
disrupt the normal functioning of the reproductive tract. In light of 
advances in the field of reproductive medicine, assisted reproductive 
technology (ART) has emerged as a successful and widely performed 
treatment paradigm throughout the world that involves a set of pro-
cedures that assist with infertility-related issues in males and females 
[6,19,20]. ART includes the use of in vitro fertilization (IVF), zygote in-
trafallopian transfer (ZIFT), gamete intrafallopian transfer (GIFT) and 
intracytoplasmic sperm injection (ICSI). IVF is generally applicable for 
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women with low ova production or men with a low sperm count. In 
IVF, women are treated with multiple drugs that lead to the produc-
tion of numerous eggs, which are removed and fertilized in vitro and 
the healthy embryos are finally implanted in the uterus. ZIFT involves 
a similar procedure to IVF with the striking difference that the em-
bryos are transferred in the fallopian tube. GIFT involves the transfer 
of eggs and sperm in the fallopian tube where the fertilization takes 
place. ICSI is often appropriate for couples affected by severe inade-
quacy of the sperm count, wherein a single sperm is injected into a 
mature egg followed by implantation to the uterus or transfer to the 
fallopian tube [1,21]. 

The past few decades have witnessed a substantial augmentation 
in the frequency of ART procedures, and ART has made it possible for 
countless infertile couples to experience parenthood. However, ex-
cessive usage is generally accompanied by elevated perinatal risk 
and problems related to multifetal gestations. Cases of multiple ges-
tations are often found to be associated with risks of maternal and 
fetal morbidity and mortality due to factors such as pre-term birth, 
pre-eclampsia, and pregnancy-related complications. However, evi-
dence supporting the generation of risk associated with multi-fetal 
gestations arising due to the application of excessive ART is limited. 
Apart from the aforementioned problems, the increased use of ART 
may also lead to the potential danger of monozygotic twinning, 
which may contribute to growth abnormalities and twin-to-twin 
transfusion [22,23]. Such complications could be overcome by ap-
propriate consideration of the maternal condition as well as a thor-
ough assessment of the patient’s obstetric history prior to ART pro-
cedures. In addition to these, determination of pre-existing disorders 
of the cardiopulmonary system and common ailments such as dia-
betes, hypertension, epilepsy, obesity, maternal medical status, treat-
ment regimen, and other aspects of care may have productive ef-
fects on pregnancy outcomes and significantly reduce risk to the 
woman’s life and health. In men, detection of oligospermia and azo-
ospermia, which are indicative of male infertility, by testing for cystic 
fibrosis, Y micro-deletion and karyotyping are essential to prevent 
any further complications in ART procedures such as IVF and ICSI. In 
addition to tests to identify any conditions that may cause complica-
tions prior to commencement of the ART procedures, couples must 
be counselled about the risks associated with the procedures [24,25]. 

Biomarkers indicative of reproductive 
impairment 

Biomarkers indicative of reproductive disorders might aid in the 
real-time assessment of exposure, early detection, identification of 
patients who require immediate treatment, prediction of outcomes, 
monitoring of disease progress, and stratification of the population 

on the basis of the etiology and severity of diseases. Despite the 
aforementioned benefits of biomarkers, the field of reproductive 
medicine has received remarkably little attention in the develop-
ment of novel molecular signatures. This may be due to the limited 
number of novel molecular entities entering clinical investigations. 
With the increase in the number of molecular markers that have 
been identified in reproductive science, it is highly imperative to un-
derstand the pathway from discovery to translational impact of a 
disease-associated signature, as most markers may not be clinically 
relevant due to a variety of complexities [26,27]. Therefore, extensive 
evaluation, standardization, and validation are required before es-
tablishing a molecular signature as clinical biomarker for disease as-
sessment and monitoring. In the most recent decade, biomarker re-
search has witnessed a significant resurgence in interest due to ad-
vancements in “omics” methodologies, which involve generating vo-
luminous amounts of data by high-throughput systems. These ad-
vances have made it possible to establish fascinating association of 
novel biomarkers and disease mechanisms in a relatively easy way 
for early screening [24,28]. The challenge is to validate such associa-
tions and to move them into the clinical setting. Reproductive medi-
cine is still in its infancy in terms of integrating novel biomarkers into 
precision medicine. However, concerted efforts and speedy advance-
ments in the research in reproductive medicine might narrow the 
gap of the translational process. 

Pursuit of nanotechnology in reproductive 
medicine: accomplishments and challenges 

Increasingly many studies have affirmed that impotence and re-
productive disorders, such as endometriosis, adenomyosis, polycys-
tic ovary syndrome, and uterine fibroids, negatively affect pregnancy. 
Repeated surgical interventions may reduce the likelihood of natural 
and assisted conception, which may result in an increasing depen-
dence on third-party reproductive methodologies. The combination 
of nanotechnology-based approaches with reproductive medicine 
has led to the development of safer strategies for improving diagno-
sis and increasing precision and responsiveness [29]. Several studies 
have demonstrated the potential of nanomaterial-based methodol-
ogies that offer efficient noninvasive detection, treatment and moni-
toring of common disorders that may affect women of reproductive 
age (Figure 1). 

1. Endometriosis 
Endometriosis and fibroids represent the most common female 

reproductive disorders; endometriosis is present in approximately 
10%–15% of reproductive-age women and in 70% of women with 
chronic pelvic pain. Endometriosis represents the commonest form 
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of pregnancy-related complication and affects both the endometrial 
glands and the stroma outside of the endometrial cavity. The in-
crease in the percentage of women affected by endometriosis is due 
to the late diagnosis of the disease, which results in significant reduc-
tion in the quality of life due to symptoms including non-menstrual 
pelvic pain, dyspareunia, and infertility [30,31]. Since the majority of 
women report the symptoms of endometriosis in adolescence, early 
detection and timely treatment may significantly alleviate pain and 
avert progression of the disease, thereby preserving fertility. The 
treatment approach has recently been gradually shifting from surgi-
cal ablation to medication control, and it is therefore highly desirable 
to develop a non-surgical mode of diagnosis. Several investigative 
studies have reported the application of nanomaterial-based ap-
proaches for the treatment of endometriosis and uterine fibroids. For 
instance, a novel mitigation approach using nanoceria (cerium oxide 
nanoparticles) was demonstrated in an endometriosis-induced 
mouse model by Chaudhury et al. [32], who reported a considerable 
reduction of endometrial glands, microvessel density in the perito-

neum, and endometrial lesions upon treatment with nanoceria, 
highlighting the antioxidant and anti-angiogenic potential of the 
developed system, both in vitro and in vivo. The system also exhibit-
ed a promising reduction in the adverse effects related to endome-
triosis on the quality of oocytes, which is a critical factor for successful 
pregnancy. A novel herbal nanoformulation comprising a Copaifera 
langsdorffii oil-resin nanocomposite showed evidence of reduction 
of cell viability, alterations of cellular morphology, and induction of 
necrosis and apoptosis in proliferative primary endometrial and en-
dometriotic stromal cells [33,34]. Singh et al. [35] reported a combi-
natorial approach for the treatment of endometriosis that consisted 
of dual drug-loaded poly(lactic-co-glycolic acid) (PLGA) nanoparti-
cles combining the anti-angiogenic and antioxidant properties of 
epigallocatechin gallate and the targeted matrix metalloproteinase 
inhibitory activity of doxycycline. A novel laser-mediated photother-
mal ablation therapy of endometriosis was reported to show en-
hanced permeability and retention and targeted delivery of gold 
nanoparticles to endometriotic sites using the TNYL peptide, which 
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Figure 1. Nanotechnological strategies for addressing emerging issues in male and female reproductive health.
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has a strong affinity for overexpressed EphB4 receptors in endome-
triosis lesions [36].  

The increase in the number of women experiencing discomfort 
due to endometriosis is attributable to late diagnosis; this problem is 
exacerbated if the ovaries are involved, resulting in the formation of 
cysts, often termed as endometriomas. The discomfort and compli-
cations associated with endometriosis may be avoided if it is diag-
nosed at an early stage, providing better possibilities for pain and in-
fertility management. Conventional diagnostic procedures such as 
operative laparoscopy and biopsy are often invasive in nature, which 
is a major cause of distress among patients that hinders early screen-
ing [37]. Such situations could be avoided by employing nanomate-
rial-based sensing approaches, which offer real-time assessment of 
the disease. Several nano-sensing strategies have been proposed by 
investigators for effective detection of endometriosis, enabling time-
ly commencement of therapy. The presence of endometriosis, owing 
to its inflammatory characteristics, is often characterized by distur-
bances in the immunological environment, which is strongly reflect-
ed by alterations in the expression levels of various cytokines, angio-
genic factors, matrix metalloproteases, tumor suppressor genes, and 
circulating nucleic acids [38,39]. Cathepsins (in particular cathepsins 
B, D, and G), which belong to the class of proteases, have been quan-
titatively evaluated in patients with proliferative eutopic endometri-
um using a surface plasmon resonance (SPR) imaging technique, 
since cathepsins have been found to have a positive impact on the 
establishment of endometriotic lesions. The results of the study 
demonstrated a significantly higher expression of cathepsin G (CatG) 
in eutopic endometriotic patients than in the control group [40,41]. 
In view of this, an SPR-chip-based biosensor was developed by Grzy-
wa et al. [42] for the selective determination of CatG in endometrium 
samples of patients and healthy controls. The gold-chip was sur-
face-tethered with a phosphonic-type inhibitor that offered selective 
determination of active CatG in the sample at a picomolar concen-
tration. For the in vivo detection of endometriotic lesions, hyaluronic 
acid (HA)-attached magnetic iron oxide nanoparticles (HA-Fe3O4 
NPs) were developed as novel contrast agents for magnetic reso-
nance imaging (MRI) in rodents. The results of the study highlighted 
the potential of the developed systems for hyperthermal treatment 
of endometriosis in the future [43]. 

2. Uterine fibroids 
Uterine fibroids, often known as uterine leiomyomas, are non-can-

cerous benign tumors that often appear during pregnancy. After en-
dometriosis, uterine fibroids are among the most commonly occur-
ring solid tumors in women of reproductive age [31]. These neo-
plasms occur in about 77% of women, including 25% of those above 
the age of 45 years. The presence of fibroids in the uterus is often ac-

companied by symptoms with a major impact on quality of life, such 
as irregular and prolonged menstrual bleeding, anemia, pelvic dis-
comfort, pelvic masses, bowel and bladder dysfunction, and obstet-
ric complications. The presence of uterine fibroids has been strongly 
correlated with infertility and abortion, which significantly affect 
women’s health and quality of life and may necessitate the use of 
ART [44,45]. Early treatment of fibroids, which hamper fertility, might 
increase the likelihood of future pregnancies. Shalaby et al. [46] 
demonstrated an effective noninvasive adenovirus-based alternative 
for the treatment of uterine fibroids using a combination of vi-
ral-based gene delivery with nanotechnology. A targeted magnetic 
nanoparticle-based approach was adopted for the efficient trans-
duction of adenovirus under an external magnetic field. The novel 
combinatorial method offered a paradigm shift in therapeutic inter-
ventions for uterine fibroids, as it may significantly eliminate tu-
mor-forming fibroid stem cells, which currently pose a major chal-
lenge to treatment. 

3. Pregnancy-related complications: ectopic pregnancy and 
gestational trophoblastic diseases 

Ectopic pregnancy is the most common cause of death among 
women during the early stages of pregnancy. An ectopic pregnancy 
occurs when the fertilized egg/embryo is implanted outside of the 
uterine cavity. The overwhelming majority of ectopic pregnancies 
(97%) involve implantation in the fallopian tube, while in the remain-
ing 3% of cases, implantation occurs in the cervix, ovary, peritoneal 
cavity, or uterine scars. This pregnancy-related complication can re-
sult in rupture of the tube, leading to life-threatening internal bleed-
ing. Ectopic pregnancies account for about 4% to 10% of pregnan-
cy-related deaths and are characterized by a high incidence of ecto-
pic site gestations in subsequent pregnancies [47]. Although several 
advances have been made in the detection and treatment of ectopic 
pregnancy, not all can be considered highly effective. Therefore, 
there is an urgent need for the development of diagnostic and ther-
apeutic interventions that focus on precisely identifying and ad-
dressing the causes of the disease without compromising the other 
reproductive organs. Nanomedicine comprises an amalgamation of 
medicine and nanotechnology for the development of methodolo-
gies or strategies to improve the safety and efficacy of the conven-
tional drugs by achieving targeted delivery to the site of action. Such 
precise targetability is urgently required for the development of nov-
el methods of drug transport in women with pregnancy-related 
complications or diseases [48,49]. Fertility preservation-based surgi-
cal interventions are a major challenge in initial-stage ectopic preg-
nancy cases, especially among women with rare locations of ex-
tra-uterine pregnancies. This challenge has led medical practitioners 
to seek alternative methods for treatment. For instance, doxorubi-
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cin-loaded EnGeneIC delivery vehicles were prepared for targeted 
delivery to the epidermal growth factor receptor expressed on pla-
cental cells. In vitro, ex vivo, and in vivo studies demonstrated signifi-
cant inhibition of the trophoblastic tumor cell proliferation mediated 
by an increase in apoptosis, which offers a novel alternative to ecto-
pic pregnancy treatments [50]. Complications could be avoided if ec-
topic pregnancy is diagnosed at the earliest possible stage. In recent 
years, significant advances in the field of nanotechnology have 
sparked research interest in the development of early detection ap-
proaches using nano-biosensing. Studies have reported the detec-
tion of human chorionic gonadotropin as an important protein 
marker indicative of pregnancy-related complications such as ecto-
pic pregnancy, miscarriage, fetal abnormalities, and testicular tumors 
using ultrasensitive and highly selective carboxyl-graphene oxide–
based SPR aptasensor and electrical double layer-gated field effect 
transistor-based chip sensor [51]. 

Another major pregnancy-related complication is gestational tro-
phoblastic diseases (GTDs) which comprise a spectrum of tumors 
with a wide range of biological behavior and potential for distant 
metastases that arise from placental trophoblastic tissue after nor-
mal or abnormal fertilization [52]. Gestational choriocarcinoma is the 
most prevalent GTD. Despite progress in the field of modern repro-
ductive medicine, gestational trophoblastic tumors continue to pose 
a significant challenges both for diagnosis and treatment owing to 
their irregularity, broad range of differences in diagnoses, and the 
uncertainty of detection of the precursor lesions [53]. These factors 
have fueled the need for extensive research on the development of 
precise and selective strategies for identifying and treating these tu-
mors through nanotechnology. A glycosaminoglycan, placental 
chondroitin sulphate A (plCSA), is highly expressed in a wide range 
of cancer cells and placental trophoblasts, highlighting its potential 
as a target in the treatment of GTDs [54]. Recently, a study investigat-
ed the efficient delivery of methotrexate to placental cells using syn-
thetic plCSA binding peptide (plCSA-BP)–tethered lipid-based 
nanoparticles as a novel targeted approach for the treatment of 
pregnancy-related complications such as ectopic pregnancy and 
choriocarcinoma. The results of the research illustrated efficient bind-
ing of the plCSA-BP attached to the methotrexate-loaded nanoparti-
cles to human placental syncytiotrophoblasts and mouse tropho-
blasts throughout gestation after targeted delivery of the drug to the 
placenta of the mouse model without any fatal effects on the fetus 
[55]. Likewise, a similar study illustrated the development of plC-
SA-BP-decorated polymeric core-lipid shell nanoparticles for the tar-
geted delivery of doxorubicin to the placental choriocarcinoma 
(JEG3) cells [54]. Therapeutic interventions in patients with gesta-
tional trophoblastic choriocarcinoma often involve the application of 
systemic anti-neoplastic agents at high doses, which results in arbi-

trary distribution of the drugs to other organs and consequent sys-
temic toxicity. To avoid such adverse effects, in light of the targeting 
potential of plCSA-BP, Zhang and co-investigators demonstrated the 
efficient delivery of doxorubicin by nanoparticles to choriocarcinoma 
cells as a novel targeted cancer therapeutic approach. The results of 
the investigation reported competent internalization in the lyso-
somes resulting in increased in vitro anti-cancer action, rapid local-
ization in the tumors, inhibition of primary tumor growth, and sup-
pression of metastasis when observed in vivo using a rodent model 
[56].  

4. Sexually transmitted infections and HIV 
Reproductive tract infections (RTIs) are a concealed epidemic af-

fecting the quality of life of both women and men, as well as com-
promising health and economic conditions throughout the world by 
means of their severe consequences, which include pelvic inflamma-
tory disease, infertility (in both women and men), ectopic pregnancy, 
and adverse pregnancy outcomes such as miscarriage, stillbirth, 
preterm birth, and congenital infections. According to World Health 
Organization estimates, about 200 million cases of RTIs among wom-
en due to sexual transmission are reported every year in developing 
countries [5,57]. The reproductive-age population is highly suscepti-
ble to developing RTIs, especially women. RTIs include endogenous-
ly occurring infections such as bacterial vaginosis; infections trans-
mitted due to sexual contact such as gonorrhoea, chlamydia, syphi-
lis, chancroid, trichomoniasis, genital herpes, genital warts, and HIV; 
and iatrogenic infections such as pelvic inflammatory disease. 
Prompt diagnosis and treatment would reduce the transmission of 
these diseases [5,58]. Several studies have reported the use of nano-
material-based treatment and monitoring approaches for safeguard-
ing reproductive health and improving their quality of life. There is 
ample evidence of the usage of nanoparticles for the prevention, 
treatment, and early detection of RTIs, including STIs. For instance, 
oxygen vacancies comprising zinc oxide tetrapod nanoparticles have 
been fabricated for the nano-immunotherapy of genital herpes in 
females. This nano-system offered a great potential as an intravagi-
nal microbicide/vaccine, leading to a significant reduction in vaginal 
infections and animal deaths, as well as an increase in the T cell-me-
diated and antibody-mediated responses, which subsequently sup-
pressed re-infections [59]. Another group reported the treatment of 
genital herpes using acyclovir as a model drug encapsulated in poly-
vinyl pyrrolidone–Eudragit RSPO hybrid polymeric nanoparticles in 
the form of an in situ gel system. The developed formulation demon-
strated a controlled release of the drug with improved permeability 
and viability for the vaginal epithelial cell lines, as well as a two-fold 
increase in the bioavailability of the drug in rat models in compari-
son to the pure drug, highlighting its potential for clinical therapy 
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[60]. Several polyphenolic compounds exhibit anti-viral properties, 
among which tannic acid was used by Orlowski et al. [61], for the de-
velopment of a synergistically acting formulation against herpes 
simplex virus 2 (HSV-2). For this, silver nanoparticles, with inherent 
anti-microbial activity, were synthesized using green chemistry fol-
lowed by modification with tannic acid, which in mice models 
demonstrated an increment in levels of interferon-gamma-positive 
CD8+ T cells, activation of B cells and plasma cells, and reduction of 
viral titers in vaginal tissues shortly after the treatment. Another ther-
apeutic approach for HSV-2-induced genital infections using exclu-
sively customized zinc oxide tetrapod nanoparticles was described 
by Agelidis et al. [62], who reported a significant inhibitory effect on 
viral vaginal infections in female Balb/c mice. The proposed microbi-
vac system is a promising platform for the development of live virus 
vaccines. A novel polymeric nano-carrier system developed by Gan-
da et al. exhibited excellent potential for the delivery of peptide vac-
cines. The system comprised fourth-generation hydroxyl- terminated 
polyamidoamine (PAMAM) dendrimers (G4OH) conjugated with an 
ester bond to a chlamydial glycolipid antigen mimicking peptide 
(peptide 4; Pep4). The G4OH and Pep4 bond, upon dissociation in 
the intracellular environment, led to antigen presentation, which in-
duced chlamydia-specific serum antibody recruitment after subcuta-
neous immunization. The action of the formulation demonstrated an 
increased anti-chlamydia antibody response in mice owing to en-
hanced and sustained Pep4 immunogenicity as a consequence of 
ester bond dissociation by phagolysosomes [63]. Several reports 
have described examples of nanoparticle-based delivery to the re-
productive organs, which offer bioavailability and biodistribution to 
a higher degree, as well as prolonged release/action and retention of 
the drug in comparison to the drug alone. In light of this, Park et al. 
[64], demonstrated the potential of an anti-retroviral drug, elvitegra-
vir, loaded surface-tailored bio-adhesive poly(lactic acid)-hyper-
branched polyglycerols (PLA-HPG) nanoparticle formulation for pro-
longed intravaginal delivery. The developed formulation exhibited a 
remarkable improvement (roughly five-fold) in the sustained deliv-
ery of the drug in comparison to the non-adhesive alternative for-
mulation. The results of the research highlighted the potential of the 
adhesive PLA-HPG nano-formulation for intravaginal therapeutics to 
treat and prevent STIs [65]. Aside from STIs associated with HSV, 
Wagner et al. [66] developed a nanoparticle-based targeted ap-
proach that comprised microbicidal drugs encapsulated in mu-
cous-penetrating PLGA-PEG nanoparticles for intravaginal inocula-
tion against STIs. Soler et al. [67] illustrated the development of a 
rapid nano-plasmonic biosensor that offered simultaneous detection 
of Chlamydia trachomatis and Neisseria gonorrhoeae. The nano-bio-
sensor comprised an array of gold nano-hole sensors that allowed 
precise detection and quantification of the levels of the two afore-

mentioned bacterial strains in an amplification-free fashion. 
STIs are among the most prevalent diseases around the world. De-

spite extensive research, STIs such as HIV and HSV still haunt a large 
population due to their incurability. Considering the present situa-
tion, the global health initiative programs have primarily focused on 
reducing the incidence of STIs, especially in highly susceptible female 
populations [68]. Several nanotechnology-based therapeutic, pre-
ventive, and early diagnostic approaches have emerged as potential 
alternatives to conventional orally administered medications. For in-
stance, Mandal et al. [69] reported that a conventional anti-retroviral 
drug, emtricitabine, was encapsulated in PLGA polymeric nanoparti-
cles to circumvent the limitations associated with the large volume 
of distribution, short plasma life, low bioavailability, and cytotoxic 
nature of the drug to improve its efficacy for the therapeutic treat-
ment of HIV infection. Similar studies have demonstrated the encap-
sulation of conventional anti- retroviral drugs such as zidovudine, a 
combination of three agents (zidovudine, efavirenz, and lamivudine); 
and stavudine in PF-68-coated alginate nanoparticles, and lactofer-
rin nanoparticles and gelatine liposomal nano-formulations have 
been reported as strategies for enhanced anti-HIV therapy [70-72]. 
Efficient microbicide action was displayed by a combination of a HIV 
reverse transcriptase–inhibiting drug (efavirenz) and an integrase in-
hibitor (elvitegravir) encapsulated in a graft copolymer of methoxy-
polyethylene glycol-polylysine with a fatty hydrophobic core. The 
developed nano-formulation exhibited a significant reduction of cy-
totoxicity and in vivo bio-distribution upon topical intravaginal ad-
ministration [73]. A similar effect was demonstrated by Mirani et al. 
[74], wherein a nano-formulation comprising a lipidic nano-microbi-
cide gel was loaded with tetrahydrocurcumin. The formulation ex-
hibited significant stability in the release profile and quick time-inde-
pendent intracellular uptake, highlighting its potential for anti-retro-
viral therapy. A recent study illustrated a potential multiplexed in vivo 
treatment approach for HIV and HSV infections using a composite 
system consisting of methoxypoly(ethylene glycol)-b-poly(lac-
tide-co-glycolide) Griffithsin nanoparticles incorporated in poly-
caprolactone fibers adjoined with polyethylene oxide fibers [75]. 

With advancements in the field of nanomaterials for diagnostic 
purposes, a surge of studies have been reported that offer rapid, and 
minimally-invasive methods for the early detection of STIs such as 
HIV and HSV. For the detection of human immunodeficiency virus 
type 1 (HIV-1) DNA, as a potential molecular signature of retroviral 
disease, a novel, user-friendly lateral flow assay was developed by Fu 
et al. [76] that utilizes surface-enhanced Raman scattering for precise 
identification and quantification. Another group reported the appli-
cation of fluorescence resonance energy transfer for the detection of 
viral DNA using a combination of single-strand DNA (ssDNA)-teth-
ered silver nanocrystals as donor and carbon nanoparticles as accep-

www.eCERM.org 251

R Shandilya et al.     Nanotechnology in reproductive healthcare



tor species. The combination exhibited desorption of the fluores-
cence in the presence of the target analyte, while restoration of the 
fluorescence in the absence of the same led to a highly sensitive di-
agnosis [77]. Fluorescence quenching as a mode of detection of HIV-
1 DNA was employed by Deng et al. [78] and Fang et al. [79], who 
used fluorescent quantum dot–based lateral flow strips and surface 
DNA-decorated fluorescent silver nanocrystals, respectively. The 
HIV-related p24 antigen has emerged as another highly specific 
marker for the prompt detection of HIV in the recent years. Nano-de-
tection approaches, such as a sandwich immunoassay amalgamat-
ing optoplasmonics and a micro-cantilever-based nanoplatform, 
have been developed for the precise detection of the HIV-1 capsid 
antigen p24 directly from human serum samples [80]. A similar sand-
wiched immunoassay developed by Chunduri et al. [81], involving 
the application of surface streptavidin-decorated europium-doped 
fluorescent silica nanoparticles, demonstrated a 100-fold improve-
ment in detection of the HIV-1 p24 antigen in clinical samples com-
pared to conventional enzyme-linked immunosorbent assay. 

5. Gene therapy for reproductive disorders 
Efficient gene therapy for the treatment of endometriosis was 

demonstrated by Zhao et al. [82], through the application of pig-
ment epithelium-derived factor plasmid encapsulated in lipid-graft-
ed chitosan micelles. An in vivo study in a rat model showed a signifi-
cant diminishment of endometriotic lesions, as well as atrophy and 
degeneration of ectopic endometrium with no cytotoxic effect on 
the reproductive organs. A similar gene therapy for endometriosis 
was reported by Wang et al. [83], using endostatin-loaded PAMAM 
(PAMAM-Es) dendrimers in a non-invasive animal model. The results 
demonstrated a significant reduction in endometriotic lesions owing 
to the anti-angiogenic mechanisms of the PAMAM-Es in comparison 
to the traditional gene carrier, Lipofectamine, both in in vitro and in 
vivo settings. A novel polymeric gene delivery system, comprising 
HA-tethered polyethylenimine-grafted chitosan oligosaccharide 
nanoparticles encapsulating small interfering RNA (siRNA) was re-
ported to considerably reduce the size of endometriotic lesions, with 
atrophy and degeneration of the ectopic endometrium. Endometri-
otic rat models exhibited a noteworthy decline in the expression of 
CD44 expression in the treated group with respect to the control en-
dometriotic population [84]. Gene therapy using cyclic arginine-gly-
cine-aspartic acid (cRGD)-attached fifth-generation PAMAM den-
drimers to efficiently deliver siRNAs to spermatogonial stem cells 
(SSCs) demonstrated great potential for promoting auto-transplan-
tation of SSCs with genetically modified cells as a curative approach 
for male infertility caused by genetic disorders [85]. 

6. Treatment of male associated disorders: erectile dysfunction 
Reproductive disorders in men include benign prostatic hyperpla-

sia (BPH) or prostate enlargement in general, prostatitis, and male in-
fertility issues such as erectile dysfunction, testosterone deficiency, 
undescended testicle, varicocele or dilated veins around the testicle, 
and hydrocele or fluid around the testicle. BPH is often characterized 
by the increased growth of connective tissue, smooth muscle, and 
glandular epithelium upon histological visualization. As it progress-
es, BPH results in compression of the urethral pathways, leading to 
bladder outlet obstruction, which may subsequently result in lower 
urinary tract infections, retention, and other undesirable effects. Evi-
dence supports the potential role of diet, lifestyle, and genetic fac-
tors, as well as metabolic syndrome and erectile dysfunction, on the 
incidence of hyperplasia of the prostate [86,87]. Although many 
choices of treatment are available, ranging from laser ablation meth-
ods medications (e.g., α-blockers, 5-α reductase inhibitors), and com-
bination therapy to surgical procedures and medical devices (e.g., 
Prolieve and Urolift), the treatment options are often accompanied 
by unwanted effects like retrograde ejaculation, complications 
during urination, urinary tract infections, erectile dysfunction, and 
even incontinence (very rarely). In order to circumvent these undesir-
able events, nanomaterial-based therapies have been developed in 
recent years. For instance, de Sousa et al. [88] reported that PLGA 
nanoparticles and clay nano-systems encapsulating babassu oil were 
prepared for targeted delivery to hyperplastic tissue. Both the devel-
oped systems demonstrated an efficient encapsulation of about 90% 
with excellent bioavailability, highlighting the potential of the sys-
tem for BPH therapeutics. Another study corroborated the ability of 
gold nanoparticles to target inflammation and angiogenesis for the 
development of novel BPH therapies. Adult male rats with experi-
mentally induced BPH that received treatment with gold nanoparti-
cles demonstrated a significant reduction of BPH in a size-dependent 
fashion with inhibition of inflammation, angiogenesis, and prostatic 
cell proliferation [89]. This could be a remarkable milestone for the 
progression of nanomaterial-based therapies towards clinical investi-
gation for bench-to-bedside translation. 

Prostatitis is a common urinary tract condition following prostate 
cancer and BPH that involves therapeutic challenges. Prostatitis ac-
counts for about 8.2% of men, with an estimated expenditure of $84 
million on its diagnosis and treatment excluding pharmaceutical 
aids. Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) oc-
curs in 90% to 95% of men with prostatitis, of whom 10% to 14% are 
severely affected. The symptoms of CP/CPPS range from a combina-
tion of acute and chronic bacterial prostatitis, CPPS, and none what-
soever (in asymptomatic patients). This medical condition is often di-
agnosed based on the patient’s history, a physical assessment, urine 
specimen culture and testing, and pre- and post-prostatic massage. 
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After diagnosis, CP/CPPS is treated with medical agents such as anti-
microbials, alpha blockers, and anti-inflammatory drugs. However, 
the conventional diagnostic and therapeutic approaches are often 
questioned due to limited availability of evidence supporting their 
effectiveness [90,91]. The effectiveness of these treatments could be 
improved by exploiting the targeting potential of the nanoparticles 
to prostatic tissue. With the targeting potential of nano-systems in 
mind, disease-relevant antigenic T2 peptide-conjugated biodegrad-
able PLGA nanoparticles modified with poly ethylene-alt-maleic an-
hydride were prepared by Cao et al. [92] and were demonstrated to 
be an effective strategy for the treatment of prostatitis in a CP/
CPPS-induced mouse model. A similar study by Cheng et al. [93] il-
lustrated the preparation of PLGA nanoparticles coupled with au-
to-antigen peptide T2 for targeted action, initiation of immune toler-
ance, and amelioration of disease symptoms in a mouse model with 
induced CP and CPPS. Both studies presented a potential mitigation 
approach and an economically feasible tool for treatment of CP/
CPPS. 

Erectile dysfunction is a common problem impacting millions of 
men and is defined as the incapability of a man to achieve or main-
tain sufficient erection for satisfactory sexual performance. Despite 
the availability of various treatment options, ranging from first-line 
treatments with oral agents such as sildenafil, tadalafil, and vardena-
fil to second-line approaches such as intracavernosal injections and 
intra-urethral therapy, a significant proportion of men discontinue 
treatment. The discontinuation is directly attributed to the expensive 
nature of these therapies, as well as the fact that they involve dis-
comfort, lack of spontaneity, prolonged erections, and priapism. 
However, with the advancements in the pharmaceutical industry, 
the search for alternatives for the delivery of vasoactive and vasodila-
tory medications is continuing [94,95]. Topical delivery has proven to 
be highly effective for the treatment of erectile dysfunction because 
local action avoids systemic effects and is easy to use. However, the 
applicability of topical methods is often hindered by the capability of 
the treatments to cross the barrier due to the penile skin and tunica 
albuginea, which inhibits the therapeutic efficacy of the drug. This 
limitation could be surmounted if efficient delivery of the drug is 
achieved, which is the reason for the success of nanoparticles in this 
field. A noteworthy example involved treatment and monitoring of 
erectile dysfunction by human mesenchymal stem cell- labelled su-
per-paramagnetic iron oxide nanoparticles (SPION-MSCs) using MRI. 
The SPION-MSCs transplanted in the cavernosa of rats exhibited re-
tention for about 4 weeks after cavernous nerve injury and enabled 
an efficient recovery of erectile dysfunction that could be monitored 
by MRI in an in vivo setting [96]. A formulation (NanoShuttle) com-
prising a complex of adipose-derived stem cells and magnetic 
nanoparticles demonstrated effective in vivo cell tracking in the cor-

pus cavernosum under the effects of a magnetic field for up to 3 days 
and was shown to be an efficient stem cell therapy for erectile dys-
function in an animal model [97]. The dendrimer-based delivery of 
vardenafil hydrochloride was demonstrated by Tawfik et al. [98], and 
sustained release of the drug was found, with a 3.7-fold improve-
ment in bioavailability. Among the pharmaceutical nano-formula-
tions, lipid-based systems have attracted significant attention in the 
field of reproductive medicine owing to their capability to improve 
the solubility, bioavailability, and biocompatibility of poorly wa-
ter-soluble medications. Fahmy’s work illustrated the development 
of a biocompatible nanoethosome formulation of vardenafil for en-
hanced permeation via the transdermal route and improved bio-
availability. The developed system, which exhibited a 3.05-fold im-
provement in permeation, consisted of a vardenafil powder- con-
taining film. A two-fold increment in the transdermal bioavailability 
was found when the topical nanoethosome film was used in com-
parison to an aqueous suspension of vardenafil. This transdermal de-
livery system provides a potential method of curing erectile dysfunc-
tion and managing impotence [99]. A similar study using nano-trans-
fersomal transdermal films as a mode of delivery of sildenafil citrate 
reported a significant enhancement in the ex vivo permeation char-
acteristics, controlled release, bioavailability, and absorption of the 
drug [100]. Another study demonstrated the transdermal delivery of 
papaverine to the penis using an ultra-flexible liposomal formulation 
(nano-transferosomes) for the effective diagnosis and treatment of 
erectile dysfunction. The prepared formulation exhibited remarkable 
potential as a therapy for male impotency [101]. A considerable im-
provement in the bioavailability and transdermal delivery of avanafil, 
a first-line drug for the treatment of erectile dysfunction, was ob-
served when it was delivered in the form of solid lipid nanoparti-
cle-based hydrogel film [102]. 

7. Nano-based approaches for treatment and diagnosis of 
male infertility 

Infertility is a condition wherein a couple is unable to become 
pregnant despite being sexually active and avoiding contraception. 
Male factor infertility can result from a low sperm count, poor sperm 
quality, or both. According to global statistics, about 15% of couples 
suffer from infertility-related issues, and in 50% of these couples, the 
male partner is affected by aberrations in sperm properties, count, 
vitality, and morphology [103,104]. This fact underscores the need to 
develop novel methodologies for the early identification of the caus-
es of infertility and approaches for the personalized treatment of in-
fertility. In this aspect, nanotechnology has come to the forefront in 
recent years, offering better solutions for infertility related issues. 
One such solution was described in the work of Moridi et al. [105], 
who found that the deleterious effect of malathion, a common or-
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ganophosphorus pesticide, on the male reproductive system was re-
markably reduced by the application of cerium dioxide nanoparticles 
(CeNPs). Restoration of testicular changes was observed upon treat-
ment with CeNPs in malathion-exposed male rats, and the nanopar-
ticles exerted a protective effect on sperm count, motility, and viabil-
ity. Another study utilized the magnetic properties of surface 
charged Fe3O4 nanoparticles for the development of a method of 
controlling sperm motility as a novel and simplified approach for the 
improvement of fertility in infertile males [106]. Rapid and precise 
detection of semen abnormalities is crucial for diagnosing male in-
fertility and arranging customized care. The size and abundance of 
samples, however, impose a number of detection constraints [104]. 
One such solution was proposed by Vidya and Saji [107], wherein a 
quick screening approach utilizing an environment-friendly, mini-
mally-invasive, and label-free heparin gold nanoparticle-based colo-
rimetric biosensor was developed for the detection of semen prota-
mines as effective biomarkers of male infertility. The nano-biosensor 
demonstrated noteworthy changes in plasmon absorption spectra 
upon specific detection of protamines in real semen and serum sam-
ples. A similar colorimetric nano-biosensing approach for human se-
men analysis was proposed by Sun et al. [108]. The nano-biosensor 
comprised zirconium metal−organic frameworks (Zr-MOFs) coupled 
with single-stranded DNA-decorated gold nanoparticles (ssD-
NA-AuNPs), and precise detection was enabled by the possibility 
that the target proteins in the test sample would hamper the co-pre-
cipitate formation of Zr-MOFs and ssDNA-AuNPs. This change mani-
fests as an alteration in the color of the supernatant, offering the po-
tential to accurately identify possible cases of male infertility with ut-
most simplicity and high sensitivity. 

8. Nanomaterials in contraception 
Contraception has been a major topic of debate for decades, as 

promoting birth control and family planning not only benefits indi-
viduals’ health and well-being, but also helps facilitate economic 
growth. The current methods of birth control usually involve admin-
istration of hormonal contraceptive medications through the oral, 
transdermal, intravaginal, and intrauterine routes. Several other ap-
proaches such as female sterilization, male condoms, and intrauter-
ine devices (IUDs) have attracted significant attention as potential al-
ternatives to conventional drugs. However, these approaches are 
faced by challenges such as an increased risk of blood clots or breast 
cancer associated with the long-term usage of contraceptive pills, 
the risk of failure of condoms, and the irreversible nature of vasecto-
mies [109,110]. This situation clearly indicates the increasing need for 
new developments in both male and female contraceptive methods 
[111]. The past decades have witnessed remarkable improvements 
in contraceptive methods owing to nanotechnological advance-

ments. Chitosan nanoparticle-based immuno-contraceptive vac-
cines have exhibited efficient peptide and protein delivery with in-
creased uptake by dendritic cells and retention in the lymph nodes. 
The vaccines target luteinizing hormone-releasing hormone, thereby 
increasing the generation of antibodies that hamper reproductive 
capabilities; thus, this framework offers a potential system of contra-
ception development [112]. Another study used biodegradable 
polymer-based polyethylene sebacate particulates as effective carri-
ers for the delivery of an HSA peptide-1 vaccine [113]. The improved 
immunogenic activity of an mCRISP1 DNA contraceptive vaccine 
was demonstrated by chitosan-DNA nanoparticles that exhibited 
high effectiveness and safety [114]. Apart from vaccine delivery, pho-
to-thermal therapy using in situ testicular injection of methoxypoly 
(ethylene glycol)-modified gold nano-rods under near-infrared light 
in male mice led to male infertility. The high temperature induced by 
plasmonic nanomaterials resulted in complete destruction of the 
morphological characteristics of the testes or seminiferous tubules, 
leading to loss of fertility [115]. Remarkable achievements have been 
made in combining IUDs with nanomaterials to develop effective 
and long-term contraceptives. For instance, nano-copper and poly-
meric substances such as polydimethylsiloxane, silicone rubber, and 
low-density polyethylene-based nanocomposite have been devel-
oped for potential use in IUDs as novel, safe and pragmatic alterna-
tives for contraceptive applications [116-118]. A cocktail-inspired 
medium-term, reversible male contraceptive strategy was proposed 
by Bao et al. [119], wherein four layers of nanomaterials were inject-
ed sequentially into the vas deferens. The first layer comprised a hy-
drogel for the formation of a physical barrier to sperm, the second 
layer contained gold nanoparticles for heating on irradiation, the 
third layer was made up of ethylenediaminetetraacetic acid (EDTA), 
which functioned as a system for breaking the hydrogel and exter-
minating the sperm, and the fourth layer comprised gold nanoparti-
cles. An in vivo study of this approach in a male rat model exhibited 
inhibition of impregnation of females for more than 2 months. The 
reversible nature of the approach was confirmed, as near-infrared ir-
radiation led to dissolution of all the layers, allowing the rats to con-
ceive [119]. A biodegradable polymer-based point-of-care mi-
cro-needle patch encapsulating contraceptive hormones was devel-
oped by Li et al. [120] and demonstrated sustained release for more 
than a month. 

Conclusion 

In the modern world, maintaining sustainable health of both men 
and women is a major challenge due to rapidly evolving lifestyle 
changes and environmental impact. Several maternal and fetal fac-
tors exhibit a strong correlation with adverse outcomes of children 
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Introduction 

The uterus is composed of multiple cell types that respond distinc-
tively to hormones and growth factors [1]. The epithelial lining, the 
innermost layer facing the lumen, is where the embryo attaches for 
implantation. The underlying stroma contains a sparse population of 
fibroblasts that secrete extracellular matrix proteins to fill the space 
among blood vessels and lymphatic vessels. The stroma contains nu-
merous capillaries and spiral arteries, as well as diverse types of leu-
kocytes, in the deep regions. The outermost layer, the myometrium, 
consists of smooth muscle cells; the uterine length and diameter can 
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Autophagy, which has the literal meaning of self-eating, is a cellular catabolic process executed by arrays of conserved proteins in eukaryotes. 
Autophagy is dynamically ongoing at a basal level, presumably in all cells, and often carries out distinct functions depending on the cell type. 
Therefore, although a set of common genes and proteins is involved in this process, the outcome of autophagic activation or deficit requires 
scrutiny regarding how it affects cells in a specific pathophysiological context. The uterus is a complex organ that carries out multiple tasks 
under the influence of cyclic changes of ovarian steroid hormones. Several major populations of cells are present in the uterus, and the inter-
actions among them drive complex physiological tasks. Mouse models with autophagic deficits in the uterus are very limited, but provide an 
initial glimpse at how autophagy plays a distinct role in different uterine tissues. Herein, we review recent research findings on the role of au-
tophagy in the uterine mesenchyme in mouse models. 
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be regulated by coordinated actions of longitudinal and circular lay-
ers of smooth muscle cells. The uterine capillaries are surrounded by 
a single endothelial layer, similar to other capillaries found through-
out the body, but larger vessels found in deep stromal regions and 
the myometrium are also surrounded by vascular mural cells (i.e., 
smooth muscle cells and pericytes). Blood flow to the uterus and 
vascular permeability are thought to be regulated by ovarian steroid 
hormones and vasoactive factors [2]. 

As a dynamic organ that responds to cyclic changes of the repro-
ductive cycle and pregnancy, the uterus experiences tissue remodel-
ing occurring at regular intervals. The uterus also ages with waning 
levels of steroid hormones depending on the species. Multiple fe-
male-specific pathologic conditions involving the uterus exist that 
are related or unrelated to pregnancy [3]. Its collective complexity 
makes the uterus a difficult-to-study organ system in gene-deletion 
studies. In this review, I attempt to present the possible outcomes of 
autophagic deficit in uterine tissue-specific mouse models based on 
previous studies and unpublished observations.  



Autophagic process in brief 

Three types of autophagic processes exist; microautophagy, mac-
roautophagy, and chaperone-mediated autophagy [4]. Macroauto-
phagy, the main bulk degradation pathway involved in turning over 
macromolecules and organelles, will hereafter be referred to as auto-
phagy. The autophagic process is governed by proteins encoded by 
autophagy-related (Atg) genes, along with other associated factors 
[5]. The process begins with the formation of a horseshoe-shaped 
stretch of membrane near a target within the cytoplasm. This mem-
brane grows with the addition of lipids from various subcellular 
sources until the two ends meet to form a closed vesicle called an 
autophagosome [6]. Initially, the contents within the autophago-
some and double membrane structure are visible at the ultrastruc-
ture level [7]. Next, the autophagosome fuses with other vesicular 
structures such as endosomes or lysosomes. As degradation of the 
intravesicular contents begins, the double membrane structure and 
targets are no longer clearly visible. Therefore, it is customary to ex-
amine the ultrastructure of cells when attempting to demonstrate 
autophagic activation. This is considered the most direct evidence of 
autophagy [8]. 

Atg proteins and others involved in the pathway are subjected to 
post-translational modifications such as phosphorylation, acetyla-
tion, lipidation, and ubiquitination [5]. The most widely used method 
of visualizing heightened autophagy is to show the ratio of LC3B-I 
and LC3B-II changes in cells or tissues of interest on western blots. 
Pro-LC3B is first processed by Atg4 to LC3B-I, which, in turn, is lipidat-
ed by the Atg7-Atg3 complex. An increased ratio of LC3B-II/LC3B-I 
generally indicates an increased autophagic rate. Autophagy has a 
clear endpoint: the degradation of intravesicular contents and recy-
cling. Trapped protein targets are tagged with a marker of destruc-
tion called sequestosome-1 (SQSTM1/p62) protein. SQSTM1 is a 
polyubiquitin-binding protein that links protein targets to autophag-
ic degradation [9]. When autophagic flux is high and works well, the 
amount of SQSTM1 is maintained at a low level. In contrast, any 
problem that occurs in the autophagic process, such as the deletion 
of an important upstream Atg (Atg5 or Atg7) or defective fusion be-
tween an autophagosome and endosome/lysosome, results in the 
accumulation of SQSTM1 in cells. In mammalian cells, an increased 
ratio of LC3B-II/ LC3B-I, along with a decrease in SQSTM1 levels un-
der certain conditions, is considered to indicate increased autophag-
ic flux [8]. 

Immunofluorescence staining of LC3B or SQSTM1 is also widely 
used, but interpreting the data requires caution. As autophagic vacu-
oles at different maturation stages form small vesicular structures 
within cells, the presence of LC3B-II on the membranes of autophag-
ic vacuoles or SQSTM1 within them should exhibit puncta-like pat-

terns in the cytoplasm, rather than a diffuse pattern. Extensive 
guidelines for the use and interpretation of autophagy assays are 
available [8]. 

Searching for a suitable in vivo model system 

Various autophagy-deficient mouse models are available for in 
vivo studies [10,11]. Systemic deletion of Atg genes in core conjuga-
tion machinery generally leads to neonatal lethality, precluding the 
possibility of studying gene function in adult tissues and organs [11]. 
Tissue-specific knockout of floxed Atg7 using various Cre models has 
been widely used to study the physiological roles of autophagy 
[10,12]. 

Atg7, an E1 ubiquitin-activating enzyme, activates LC3B and Atg12 
during autophagosomal membrane elongation. As one of the major 
components of the Atg conjugation system, the deletion of Atg7 
shuts down autophagy during the initial stages of autophagosome 
formation, leading to neonatal lethality in knockout mice [12]. Atg5 
is also a crucial component of the conjugation system, and its sys-
temic deletion leads to neonatal lethality [13]. The Atg5 knockout 
mouse model was later further exploited in a study where the rescue 
of neonatal lethality was attempted by re-expressing transgenic 
Atg5 in neurons [14]. The neuron-specific re-expression of Atg5 in 
the Atg5 knockout background averted the neonatal death of the 
knockout mice, while still retaining an autophagic deficit in the rest 
of the body. In this model, a diverse array of organ abnormalities was 
observed. One remarkable phenotype was hypogonadism in both 
male and female transgenic mice [14].  

The pituitary gland and gonads all showed high levels of SQSTM1 
accumulation in these transgenic mice, suggesting that these organs 
heavily depend on autophagy for normal functions. The uteri of 
these Atg5 knockout mice were severely hypoplastic, which may be 
due to hypogonadism [14]. This study presented clear evidence that 
the reproductive hormonal axis requires normal autophagic flux to 
support fertility. Therefore, to establish how autophagy is involved in 
normal uterine functions, a uterine-specific knockout model was in 
demand. 

Several cell type-specific expression models of Cre recombinase 
gene are available to study gene function in the uterus. Anti-Mulleri-
an hormone type 2 receptor (Amhr2)-Cre is a knock-in model that ex-
presses Cre in the uterine mesenchyme-derived cells only, except for 
a subset of cells on the mesometrial side [15]. The uterine epithelium 
and endothelial cells were excluded from gene deletion. Lactoferrin 
(Ltf) promoter-regulated Cre mice achieve floxed gene deletion only 
in the uterine epithelium [16]. Progesterone receptor (Pgr)-Cre is a 
knock-in model where Cre replaces 1 copy of Pgr [17]. This model 
shows the widest range of Cre expression in almost all cells present 
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in the uterus, including endothelial cells [18] and various immune 
cells [19,20]. 

Our laboratory previously produced uterine tissue-specific dele-
tion models of floxed Atg7 (Atg7f/f) with the aforementioned Cre 
models. Initial surveys searching for the site of high SQSTM1 levels in 
all three models revealed an interesting phenomenon. As we had al-
ready reported that hormone deprivation achieved by ovariectomy 
(OVX) turns on autophagy in the uterus [21], we surmised that OVX 
of these Cre mice would lead to SQSTM1 accumulation in cells where 
autophagy is active. Therefore, we compared the status of SQSTM1 
accumulation in OVX mice in all three models. Amhr2-Cre/Atg7f/f 
mice showed high SQSTM1 accumulation in the uterine stroma and 
myometrium. As expected, some cells in the mesometrial side did 
not show SQSTM1 accumulation, as Atg7 was retained in that area 
(Figure 1A). This result indicate that autophagy is generally active in 
these mesenchymal cells. Pgr-Cre/Atg7f/f mice were expected to re-
move floxed Atg7 in all uterine cells including the epithelium. How-
ever, Pgr-Cre/Atg7f/f uteri showed high SQSTM1 accumulation in the 
stroma and myometrium, but limited accumulation in the epitheli-
um (Figure 1B). This result suggests that the uterine epithelium does 
not depend on autophagy as much as the uterine mesenchyme. This 
notion was further demonstrated in the Ltf-Cre/Atg7f/f uteri, where 
SQSTM1 was almost undetectable in the Atg7-deleted uterine epi-
thelium. A small population of luminal epithelial cells showed some 
puncta, as indicated by an arrow in Figure 1C. From these initial sur-
veys, it became evident that the uterine mesenchyme heavily de-
pends on autophagic clearance. 

Uterine vessel microenvironment demands 
autophagy 

During reproductive cycles and pregnancy, progesterone and es-
trogen regulate the proliferation and differentiation of cells in a tis-
sue-specific manner. Such cyclic changes produce diverse molecules 
with different functions, and dynamic turnover of these molecules is 
expected to occur to facilitate clearance. What are the pathophysio-
logical outcomes of uterine cells in OVX mice when the autophagic 
process is entirely blocked? This question was addressed through the 
use of Amhr2-Cre/ Atg7f/f mice, where the need for dynamic auto-
phagic flux was demonstrated by high SQSTM1 accumulation in the 
uterine mesenchyme [22]. 

In various systems, the autophagic rate can increase beyond a bas-
al rate when cells face certain changes within themselves or their 
surrounding environment, such as inflammation, viral infection, 
stress, hypoxia, or deprivation of nutrients [4,6,23]. Conditions affect-
ing the autophagic rate vary greatly depending on the cell or tissue 
type. As a highly hormone-responsive organ, the uterus responds to 

[OVX+E2]

100 um

Control Atg7f/f Amhr2-Cre/Atg7f/f

Pgr-Cre/Atg7f/f

SQSTM1
CD31

SQSTM1
CD31
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Ltf-Cre/Atg7f/f

Control Atg7f/f

Control Atg7f/f

Figure 1. SQSTM1 accumulation in uterine-specific Atg7 deletion 
models after ovariectomy. Approximately 8- to 10-week-old 
mice were ovariectomized and rested for 2 weeks for hormone 
clearance. They received an injection of 17β-estradiol (E2) 24 
hours before euthanasia. Uterine cross-sections were subjected 
to immunofluorescence staining with anti-SQSTM1 antibody. 
SQSTM1 signals are shown as green puncta in cells with autophagic 
deficit. Scale bar=100 μm. lm, longitudinal muscle; cm, circular 
muscle; bv, blood vessel; s, stroma; le, luminal epithelium. (A) 
Amhr2-Cre/Atg7f/f mice. Since the Amhr2 promoter is not active in 
some mesenchymal cells in the mesometrial side (white rectangle 
area), Atg7 is retained here. High SQSTM1 accumulation is shown 
in the stroma and myometrium, suggesting that autophagy is 
in demand in these cells. CD31, a marker of endothelial cells, 
was co-stained red. (B) Pgr-Cre/Atg7f/f mice. The Pgr promoter is 
active throughout the uterus. SQSTM1 accumulation is shown in 
the stroma and myometrium, but the epithelium does not show 
distinct accumulation. Some cells in the luminal epithelium show 
weak SQSTM1 accumulation (arrows). This suggests that the 
demand for autophagic turnover is much lower in the uterine 
epithelium than in the mesenchyme. (C) Ltf-Cre/Atg7f/f mice. The 
Ltf-Cre promoter is active in the uterine epithelium. Autophagic 
deficit is expected in the epithelium, but SQSTM1 accumulation 
is only weakly shown in some areas of the luminal epithelium 
(arrow).
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OVX and increases autophagy in all major uterine cell types [21]. Sys-
temic deprivation of steroid hormones also induces autophagy in 
other organs, such as the kidneys and prostate [24]. In Amhr2-Cre/At-
g7f/f mice, accumulation of SQSTM1 in the uterine mesenchyme be-
gins to be noticeable within 3 days after OVX (unpublished observa-
tion). In random-cycling Amhr2-Cre/Atg7f/f mice, SQSTM1 puncta be-
gin to show in the mesenchyme of 4-week-old uteri at a much lower 
intensity than in OVX Amhr2-Cre/Atg7f/f mice [22]. Therefore, in the 
mouse uterus, hormone deprivation increases the autophagic rate, 
especially in the stroma and myometrium [21], as evidenced by high 
SQSTM1 accumulation in these tissues in OVX Amhr2-Cre/Atg7f/f 
mice. When steroid hormone levels are adequate during the repro-
ductive cycle and pregnancy in intact mice, drastic increases in the 
autophagic rate probably do not occur. 

The phenotype of the Amhr2-Cre/Atg7f/f model was further scruti-
nized to identify factors generally targeted by autophagy. Amhr2-
Cre/Atg7f/f mice were found to be fertile, producing pups comparable 
to those of control mice. One outstanding characteristic of Amhr2-
Cre/Atg7f/f uteri was that their stromal regions showed exaggerated 
edema [22]. Water imbibition in the uterus was significantly higher in 
the Amhr2-Cre/Atg7f/f uteri than in the control uteri, suggesting that 
the Amhr2-Cre/ Atg7f/f uterine vessels are leakier and hyperperme-
able. The uterine blood vessels were found to be more relaxed and 
leakier than those of control mice based on the expression levels of 
the endothelial junctional proteins [22]. Nitric oxide (NO) is a strong 
vasorelaxant produced by NO synthases (NOS). Among the three 
forms of NOS, NOS1 is present at notably increased levels in Amhr2-
Cre/Atg7f/f uteri [22]. Based on these strong vascular phenotypes, it 
was surmised that autophagy is in strong demand for the mainte-
nance of dynamic uterine vascularity. 

Phenotype hints at the targets of uterine 
autophagy: vasoactive factors 

The uterine mesenchymal cell populations can be roughly sepa-
rated from the thick myometrium and uterine epithelium using the 
conventional method of uterine stromal cell (USC) preparations [25]. 
This method yields a heterogeneous cell population containing fi-
broblasts, smooth muscle cells, endothelial cells, immune cells, and 
vascular pericytes [25]. The vascular phenotype in Amhr2-Cre/Atg7f/f 
uteri prompted us to focus on the dysregulation of vasoactive factors 
in isolated USCs [22]. 

Vascularity is governed by various vasoactive factors. Vascular en-
dothelial growth factor A (VEGFA) is an essential vasoactive factor in 
the uterus [18,26] that increases vascular permeability and dictates 
adult tissue angiogenesis in the mouse uterus under hormonal ef-
fects [2]. VEGFA was indeed identified as one of the proteins accumu-

lated in Amhr2-Cre/Atg7f/f USCs. VEGFA sits at the top of the vasoac-
tive regulatory pathway by regulating the function of other vascular 
factors. One of the deciphered pathways involves increasing the pro-
duction of NO in the vessel microenvironment, thereby causing ves-
sel relaxation and leakiness [27]. NO does this by nitrosylating the 
seminal endothelial junction stabilizing the protein β-catenin, lead-
ing to the disintegration of the endothelial barrier [28]. In Amhr2-Cre/
Atg7f/f uteri, several observations have aligned to indicate the poten-
tial mechanism of uterine hyperpermeability: autophagic deficit 
leads to VEGFA overaccumulation, which, in turn, produces a greater 
amount of NO and, consequently, the disintegration of the endothe-
lial barrier. The notion that NO is the mediator of hyperpermeability 
was demonstrated by the use of the NOS inhibitor, N-nitroarginine 
methyl ester (L-NAME). L-NAME administration to OVX Amhr2-Cre/
Atg7f/f mice decreased stromal edema and restored the levels of 
β-catenin. 

Physiological interventions: compensation of 
hyperpermeability in the absence of autophagy 

While these results summarize what happens in the uterine mes-
enchyme in the absence of autophagy, other changes in Amhr2-Cre/
Atg7f/f uteri have demonstrated remarkable compensatory changes 
to counterbalance the hyperpermeability phenotype [22]. The USC 
populations from Amhr2-Cre/Atg7f/f uteri consistently had a signifi-
cantly greater number of cells than USCs from control mice. Among 
many cell populations, the melanoma cell adhesion molecule 
(MCAM/CD146)-positive population showed the most dramatic in-
crease in USCs from Amhr2-Cre/Atg7f/f uteri compared to control 
USCs. MCAM is a broad mesenchymal marker [29,30] that is import-
ant for the maintenance of vascular permeability in the blood-brain 
barrier [31]. Therefore, an increased MCAM+ population in Amhr2-
Cre/Atg7f/f uteri with leaky vessels could be an attempt to fortify ves-
sels to alleviate the hyperpermeability phenotype. 

Endothelin-1 (EDN1) is a potent vasoconstrictor expressed in many 
tissues, including the uterus [32]. In Amhr2-Cre/Atg7f/f USCs, the ex-
pression level of Edn1 mRNA is significantly decreased, whereas its 
protein levels are much higher than that in control USCs [22]. The 
heightened EDN1 levels would normally suggest a vasoconstriction 
phenotype, but vessels in Amhr2-Cre/Atg7f/f uteri remain relaxed. 
Therefore, EDN1 accumulation appears to be a compensatory mech-
anism to reduce overly relaxed vessels. However, in Amhr2-Cre/Atg7f/f 
uteri, overrepresented VEGF signaling appears to override EDN1 ac-
tion.  
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Conclusion 

The uterus, a dynamic organ with many functions, is constantly in-
fluenced by factors produced both outside of and within itself. The 
uterus undergoes cyclic changes in cell proliferation and differentia-
tion, stromal edema, angiogenesis, and regeneration; however, it is 
resilient to all these changes. It is plausible that bulk degradation by 
autophagy is required for quality control in this versatile tissue. Com-
pared to the uterine mesenchyme, the epithelium seems almost qui-
escent with respect to autophagic activation. Further investigation is 
warranted to reveal the mechanism of protein quality control in the 
uterine epithelium. In mice, gene-manipulated models generally 
provide the most direct evidence for gene function. In humans, 
where no such models are available, uterine and placental tissues 
obtained during various procedures have been used as the primary 
source for autophagy research. Review articles summarizing the po-
tential role of endometrial or placental autophagy are recommend-
ed for further reading [33,34]. 
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Objective: We investigated the impact of tyrosine kinase inhibitor (imatinib or dasatinib) coadministration with cyclophosphamide (Cp) on 
preantral follicle development in an in vitro mouse model. 
Methods: Seventy-three female BDF1 mice were allocated into four experimental groups: group A, saline; group B, Cp (25 mg/kg); group C, 
Cp (25 mg/kg) and imatinib (7.5 mg/kg); and group D, Cp (25 mg/kg) and dasatinib (7.5 mg/kg). Preantral follicles were isolated and cultured 
in vitro up to 12 days. Final oocyte acquisition and spindle integrity of metaphase II (MII) oocytes were assessed. Levels of 17β-estradiol and 
anti-Müllerian hormone (AMH) in the final spent media were measured by enzyme-linked immunosorbent assays, and the mRNA levels of 
Star, Sod1, Mapk3, and Casp3 in the final follicular cells were quantified by real-time polymerase chain reaction. 
Results: The percentage of MII oocytes per initiated follicle, the proportion of MII oocytes with normal spindles, and the 17β-estradiol level 
were similar in all four groups. The median AMH level in group B (7.74 ng/mL) was significantly lower than that in group A (10.84 ng/mL). 
However, the median AMH levels in group C (9.96 ng/mL) and group D (9.71 ng/mL) were similar to that in group A. The mRNA expression 
levels of Star, Sod1, Mapk3, and Casp3 were similar in all four groups. 
Conclusion: Coadministration of imatinib or dasatinib with Cp could preserve AMH production capacity in this in vitro mice preantral follicle 
culture model, and it did not affect MII oocyte acquisition. 

Keywords: Cyclophosphamide; Dasatinib; Imatinib; Oocyte; Tyrosine kinase  

tients may severely impair ovarian function or lead to premature 
ovarian failure [1-4]. The mechanisms of Cp-induced ovarian follicu-
lar damage are not fully understood, although a proposed mecha-
nism is the apoptotic pathway that occurs in response to intracellular 
DNA damage [5-7]. Cp-induced intracellular apoptosis frequently oc-
curs in growing follicles in the ovary, especially in proliferating gran-
ulosa cells [8]. In response to intracellular DNA damage caused by 
Cp, intracellular c-Abl is strongly activated, and cell death is subse-
quently induced through the TAp63 pathway [9-11]. The c-Abl pro-
tein is fused to the breakpoint cluster region (BCR) protein to form 
the breakpoint cluster region-Abelson murine leukemia viral onco-
gene 1 (BCR-ABL) complex, which acts as an oncogenic tyrosine ki-

Introduction 

Administration of cyclophosphamide (Cp) to female cancer pa-



nase, thus leading to cell deformation and leukemic disease. 
Tyrosine kinase inhibitors, such as imatinib or dasatinib, are used 

clinically to treat chronic myeloid leukemia and acute lymphoblastic 
leukemia. Tyrosine kinase inhibitors inhibit c-Abl or the BCR-ABL 
complex. The inhibitory effect of dasatinib on BCR-ABL complex is 
324 times stronger than that of imatinib, and dasatinib is therefore 
used in patients with resistance to imatinib [12]. 

Simultaneous administration of imatinib with cisplatin in mice has 
been reported to be effective in preserving ovarian follicles [10,11]. 
In those reports, it has been proposed that imatinib could inhibit the 
c-Abl-TAp63 pathway, thereby reducing cisplatin-induced follicular 
damage in the mouse ovary. Furthermore, coadministration of imati-
nib in Cp-treated mice has been reported to increase the oocyte 
yield, fertilization rate, and the embryo developmental rate [13]. 
However, there have been no reports regarding the ovoprotective 
role of dasatinib. In this study, we investigated the impact of imatinib 
or dasatinib coadministration on in vitro preantral follicle develop-
ment and oocyte acquisition in Cp-treated mice. 

Methods 

1. In vitro culture of mice preantral follicles 
Female 7- to 8-week-old BDF1 mice (Orient Co., Seoul, Korea) were 

maintained under 12-hour light and a 12-hour dark conditions at 
23°C and fed ad libitum. All experiments were conducted ethically 
with the approval of the Institute of Animal Care and Use Committee 
of the Seoul National University Bundang Hospital (IACUC No. BA-
1903-267-014-04).

After 1 week of adaptation, mice were divided into 4 groups and 
then treated with an intraperitoneal injection of each agent. In group 
A, which served as a control group, 0.1 mL of saline was injected 
once. In group B, Cp (25 mg/kg body weight) (Cp monohydrate; Cat. 
no. 29875, Sigma-Aldrich, St. Louis, MO, USA) was injected once. In 
group C, Cp (25 mg/kg) and imatinib (7.5 mg/kg; Enzo  Life Sciences, 
Farmingdale, NY, USA) was injected once. In group D, Cp (25 mg/kg) 
and dasatinib (7.5 mg/kg; Enzo Life Sciences) was injected once. An 
imatinib or dasatinib stock solution was obtained by dissolving ima-
tinib or dasatinib powder in phosphate-buffered saline (PBS). Three 
days later, the mice were killed by cervical dislocation, and the bilat-
eral ovaries were collected in 1 mL of L-15 medium (WelGENE, Dae-
gu, Korea) supplemented with 0.4% bovine serum albumin (BSA; 
Sigma-Aldrich). 

Intact preantral follicles were mechanically isolated and cultured 
in 96-well plates (BD BioCoat; BD Falcon, Franklin Lakes, NJ, USA) at 
37°C in 5% CO2°C for 10 days in a growth medium. The growth medi-
um was composed of alpha-minimum essential medium (WelGENE), 
5% fetal bovine serum (Gibco, Paisley, UK), 10 mIU/mL recombinant 

follicle-stimulating hormone (Merck-Serono, Geneva, Switzerland), 
1% insulin-transferrin-selenium mixture (Sigma-Aldrich), and 1% 
penicillin-streptomycin mixture (Sigma-Aldrich). Every 3–4 days, the 
medium was changed, and follicle survival and formation of the an-
trum were assessed. Oocytes were considered to be dead if they 
were not surrounded by granulosa cells or if the granulosa cells ap-
peared to be dark and fragmented, and the follicle decreased in size. 

After 10 days of culture in the growth medium, the follicles were 
transferred to maturation medium and cultured for 16 hours at 37°C in 
5% CO2. The maturation medium was prepared by adding 1.5 IU/mL 
human chorionic gonadotropin (Merck-Serono), and 5 ng/mL re-
combinant mouse epidermal growth factor (Sigma-Aldrich) to the 
growth medium. The oocytes were then harvested either from spon-
taneously ruptured or non-ruptured follicles. The surrounding cumu-
lus cells were removed by treating them with 0.3% hyaluronidase 
(Sigma-Aldrich) and gentle pipetting. Oocytes were classified as 
metaphase II (MII), metaphase I (MI), germinal vesicle, dead, or de-
generated. If a polar body was present in the perivitelline space, the 
oocytes were regarded as MII oocytes. Fragmented or shrunken oo-
cytes were classified as degenerated oocytes. Figure 1 shows mouse 
preantral follicles and various developmental stages of follicles 
during in vitro culture, as well as in the finally obtained oocytes. 

2. Meiotic spindle integrity 
The spindle integrity of the MII oocytes was assessed using previ-

ously described methods [14]. The MII oocytes were washed three 
times with 1% BSA in PBS for 5 minutes and then fixed with 4% para-
formaldehyde for 1 hour at room temperature (RT). After washing 
twice with 1% BSA in PBS, permeabilization was performed with 
0.25% Triton X-100 in PBS for 10 minutes at RT. After washing twice 
with 1% BSA in PBS, blocking was performed with 3% BSA in PBS for 
1 hour at RT and then washing twice with 1% BSA in PBS. A primary 
antibody for α-tubulin (Cell Signaling, Danvers, MA, USA) diluted in 
1% BSA (1:100) was added and incubated overnight at 4°C. After 
washing three times with 1% BSA in PBS, a secondary antibody (Al-
exa Fluor 488 goat anti-rabbit immunoglobulin G; Invitrogen, Carls-
bad, CA, USA) diluted in 1% BSA (1:100) was added for 1 hour at RT 
in the dark. After washing three times with 1% BSA in PBS, the oo-
cytes were air-dried on a silane-coated slide (DAKO, Glostrup, Den-
mark). The slide was counterstained with 4’,6’-diamidino-2-phenylin-
dole (DAPI), and examined using a confocal microscope (LSM 710; 
Carl Zeiss, Oberkochen, Germany). A typical barrel-shaped microtu-
bule structure between both poles with centrally aligned chromo-
somes was considered normal (Figure 2). 

3. Measurement of hormones in the final spent media 
In each experimental group, the final spent media, in which five 
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Figure 1. Microphotographs showing mice preantral follicles, in vitro growing follicles (A-F; ×60) and the resultant oocytes (G-I; ×200). (A) 
Preantral follicle at day 0, (B) growing follicle at day 4, (C) growing follicle at day 8, (D) antral follicle at day 10, (E) ruptured (ovulated) follicle at 
day 11, (F) dead follicle at day 8, (G) germinal vesicle oocyte, (H) two metaphase I oocytes, and (I) metaphase II oocyte.
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Figure 2. Representative confocal microphotographs showing meiotic spindle organization and chromosome alignment in metaphase II 
oocytes (×400). (A, B) Normal metaphase II, (C, D) abnormal metaphase II.
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ruptured follicles were present, were pooled and then frozen at 
–80°C. After thawing, the levels of 17β-estradiol and anti-Müllerian 
hormone (AMH) were measured by commercially available en-
zyme-linked immunosorbent assay kits. The limits of sensitivity for 
17β-estradiol (Enzo Life Sciences) and AMH (Ansh Labs, Webster, TX, 
USA) were 10 pg/mL and 0.01 ng/mL, respectively. 

4. Real-time quantitative polymerase chain reaction 
The final follicular cells from 20 ruptured follicles were pooled (af-

ter isolation of oocytes) and then frozen at –80°C. After thawing, to-
tal RNA was extracted using the Dynabeads method (Dynabeads 
mRNA DIRECT kit; Ambion, Oslo, Norway), and cDNAs were synthe-
sized using a PrimeScript first strand cDNA Synthesis Kit (Takara, Ku-
satsu, Japan) according to the manufacturer’s instructions. Real-time 
quantitative polymerase chain reaction (PCR) was performed using a 
StepOne-Plus real-time PCR system with TaqMan probes (Applied 
Biosystems, Foster City, CA, USA). Real-time quantitative PCR was 
conducted in a 20-μL reaction volume containing 10 μL of Applied 
Biosystems TaqMan Universal PCR Master Mix I (Cat. no. 4427788), 2 
μL of cDNA, and 6 μL of RNase-free water. Specific primers were pur-
chased from Integrated DNA (Coraville, IA, USA). Primer sequences 
and their product sizes, accession number, annealing temperature, 
and total PCR cycles of each gene are listed in Table 1. 

In this study, the mRNA level of steroidogenic acute regulatory 
protein (Star; a marker of luteinization), superoxide dismutase 1 
(Sod1; a marker of oxidative stress), mitogen-activated protein kinase 
3 (Mapk3; a marker of cell growth), and caspase 3 (Casp3; a marker of 
apoptosis) were quantitatively measured. Glyceraldehyde-3-phos-
phate dehydrogenase (Gapdh) was used as an internal control. Star 
transports cholesterol from the outer mitochondrial membrane to 
the inner membrane and converts it into pregnenolone, which regu-
lates steroid hormone synthesis, especially during the luteal phase 
[15]. Sod1 is present in the cytoplasm and catalyzes the dispropor-

tionation of superoxide into hydrogen peroxide and dioxygen by 
binding to copper or zinc ions [16]. Mapk3 serves as a signaling mol-
ecule and involves cell growth. In the granulosa cells of preovulatory 
follicles, it is activated by a luteinizing hormone (LH) surge and plays 
a role in the LH-induced oocyte resumption of meiosis, ovulation, 
and luteinization [17]. Casp3 is the last enzyme in the cell death pro-
cess and is a marker of apoptosis [10,18]. 

In each experimental group, at least five repeats were conducted. 
Real-time quantitative PCR was repeated five times for each repeat, 
and the values were averaged. For each experiment, five different 
readouts were obtained for each gene of interest. The measured val-
ues were obtained as the cycle threshold (Ct) at a constant fluores-
cence intensity. The level of each transcript was inversely related to 
the observed Ct value. The relative expression (R) levels of the genes 
were normalized to that of Gapdh as an internal control. The ΔCt val-
ue was calculated as follows: the Ct of the target gene minus the Ct 
of Gapdh. The ΔΔCt value was calculated as ΔCt minus the mean val-
ue of each group. To determine the fold change for each gene, the 
relative gene expression of the four treatment groups was calculated 
using the 2–ΔΔCt method as previously described [19]. 

5. Statistical analysis 
Statistical analyses were performed using IBM SPSS ver. 22.0 (IBM 

Corp., Armonk, NY, USA), and p-values < 0.05 were considered to in-
dicate statistical significance. The Fisher exact test was used to com-
pare the proportions among the groups. Numerical data were com-
pared using the Kruskal-Wallis test. If the value was significant, the 
Mann-Whitney U-test with the Bonferroni correction was used for 
further analysis. 

Results 

The detailed outcomes of in vitro growth of preantral follicles and 

Table 1. Primer sequences and their conditions for real-time PCR

Gene Primer sequence Product size (bp) Accession number Annealing temperature (°C) Cycle
Star F: CCTCCAAGCGAAACACCTT 109 NM_011485 60 40

R: GGCATACTCAACAACCAGGAA
Sod1 F: GTCCTTTCCAGCAGTCACAT 146 NM_011434 60 40

R: GGTTCCACGTCCATCAGTATG
Mapk3 F: TCCATGAGGTCCTGAACAATG 112 NM_011952 60 40

R: TCCAGATCTTGCTGCGATTC
Casp3 F: GGACTGGATGAACCACGAC 124 NM_009810 60 40

R: GACTGATGAGGAGATGGCTTG
Gapdh F: GTGGAGTCATACTGGAACATGTAG 150 NM_008084 60 40

R: AATGGTGAAGGTCGGTGTG

PCR, polymerase chain reaction; Star, steroidogenic acute regulatory protein; Sod1, superoxide dismutase 1; Mapk3, mitogen-activated protein kinase 3; Casp3, 
caspase 3; Gapdh, glyceraldehyde-3-phosphate dehydrogenase; F, forward; R, reverse.
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the percentage of MII oocytes with normal spindles in group A (sa-
line), B (Cp), C (Cp and imatinib), and D (Cp and dasatinib) are pre-
sented in Table 2. There were no significant differences in the follicle 
survival rate, antrum formation rate, rupture rate, and total oocyte 
acquisition rate per initiated follicle among the four groups. The per-
centage of MII oocytes per initiated follicle and the proportion of MII 
oocytes with normal spindles were also similar in all four groups. 

The median level of 17β-estradiol in the final spent media was 
similar among the four groups (Table 3). Nonetheless, the median 
AMH level in group B (7.74 ng/mL) was significantly lower than that 
in group A (10.84 ng/mL). However, the median AMH levels in group 
C (9.96 ng/mL) and group D (9.71 ng/mL) were similar to that in 
group A. The relative mRNA levels of Star, Sod1, Mapk3, and Casp3 in 
the final follicular cells were similar in all four groups (Figure 3). 

Discussion 

We investigated the impact of imatinib or dasatinib coadministra-
tion with Cp on preantral follicle development in an in vitro mouse 
model. In the groups that received imatinib or dasatinib in addition 
to Cp, follicle survival, antrum formation, spontaneous follicular rup-
ture, acquisition of total and MII oocytes, and the proportion of MII 
oocytes with normal spindles were all similar to the Cp-only group. 
Thus, imatinib or dasatinib coadministration with Cp might not af-

fect in vitro mice preantral follicle development and healthy oocyte 
acquisition. However, imatinib or dasatinib coadministration with Cp 
could preserve AMH levels in the final spent media. This indicates 
that imatinib or dasatinib coadministration with Cp could help to 
preserve AMH production capacity in ruptured follicles in vitro. 

In the present study, administration of Cp (25 mg/kg) reduced 
AMH levels but preserved estradiol levels in the final spent media. 
Generally, AMH is produced principally in primary/preantral follicles, 
whereas estradiol is mainly produced in antral/ mature follicles. Har-
vested preantral follicles might be initially damaged by Cp adminis-
tration, and this damage might reduce AMH production capacity, 
which was maintained during the 12-day culture period. However, 
estradiol is produced mainly in secondary/mature follicles; therefore, 
in vitro ruptured follicles in the Cp-treated group might produce es-
tradiol to a similar degree to the group that did not receive Cp treat-
ment. 

It has been reported that primordial follicles are most sensitive to 
Cp treatment, followed by antral and growing follicles [20]. In that 
report, although growing follicles were sometimes damaged by Cp 
treatment, those follicles were found to be the least sensitive to Cp; 
they recovered well, and thus could produce estradiol. A further in-
vestigation would be necessary to verify the preservation of primor-
dial/preantral follicles and their ability to produce AMH after admin-
istration of Cp with imatinib or dasatinib at the ovarian level. 

Table 2. Outcomes of in vitro growth of mice preantral follicles under four treatment conditions

Variable Saline Cp Cp+imatinib Cp+dasatinib
No. of mice 15 16 23 19
No. of preantral follicles initiated 100 145 143 145
No. of follicles survived at day 10 (% per initiated follicle) 97 (97.0) 131 (90.3) 132 (92.3) 132 (91.0)
No. of follicles with antrum formation (% per initiated follicle) 75 (75.0) 91 (62.8) 99 (69.2) 100 (67.0)
No. of follicles with spontaneous rupture (% per initiated follicle) 67 (67.0) 84 (57.9) 84 (58.7) 85 (58.6)
No. of total oocytes (% per initiated follicle) 67 (67.0) 82 (56.6) 83 (58.0) 83 (57.2)
No. of degenerated oocytes 0 0 0 0
No. of GV oocytes 34 44 60 51
No. of GVBD oocytes 20 28 14 20
No. of MII oocytes (% per initiated follicle) 13 (13.0) 10 (6.9) 9 (6.3) 12 (8.3)
Proportion of MII with normal spindle, n (%) 6/7 (85.7) 6/9 (66.7) 7/9 (77.8) 9/12 (75.0)

Cp, cyclophosphamide; GV, germinal vesicle; GVBD, germinal vesicle breakdown; MII, metaphase II.

Table 3. Hormone level in the final spent media after in vitro growth of mice preantral follicles under four treatment conditions

Variable Saline Cp Cp+imatinib Cp+dasatinib p-valuea)

Repeat 18 20 20 20
17β-estradiol (pg/mL) 366 (234–600) 483 (191–772) 331 (230–612) 481 (160–727) 0.995
AMH (ng/mL) 10.84b) (9.52–12.54) 7.74c) (6.23–9.06) 9.96 (7.97–12.10) 9.71 (8.59–12.65) 0.003, < 0.001b)-c)

Values are presented as median (interquartile range).
Cp, cyclophosphamide; AMH, anti-Müllerian hormone.
a)Kruskal-Wallis test.
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Figure 3. Relative mRNA levels of four genes through real-time polymerase chain reaction. The mRNAs were extracted from the final follicular 
cells after 12 days of culture of the preantral follicles. The preantral follicles were harvested 3 days after intraperitoneal injections of 0.1 mL of 
saline, cyclophosphamide (Cp; 25 mg/kg), Cp (25 mg/kg)+imatinib (7.5 mg/kg), and Cp (25 mg/kg)+dasatinib (7.5 mg/kg). (A) Steroidogenic 
acute regulatory protein (Star), (B) superoxide dismutase 1 (Sod1), (C) mitogen-activated protein kinase 3 (Mapk3), (D) caspase 3 (Casp3).

It is known that AMH suppresses primordial follicle recruitment, 
thereby maintaining the dormancy of the ovarian follicle pool; in 
contrast, the loss of AMH activates primordial follicle recruitment and 
finally depletes the primordial follicle pool [21]. Our finding that 
AMH production was preserved in mice that received imatinib or da-
satinib coadministration with Cp suggests that imatinib or dasatinib 
may protect fertility. Imatinib has been reported to play a role in pre-
serving mouse primordial follicles after cisplatin treatment [11,22]. 
Since imatinib is not a specific inhibitor of tyrosine kinase, dasati-
nib—as a more specific and potent compound—could play a role as 
a fertoprotective agent, such as amifostine, ceramide-1-phosphate, 
or mammalian target of rapamycin inhibitors (e.g., everolimus and 
rapamycin) [23,24]. 

A mouse experiment recently demonstrated that imatinib itself 
has no impact on folliculogenesis. However, it remains generally un-
known whether tyrosine kinase inhibitors could modulate the func-
tion of ovarian follicles [25]. Since tyrosine kinase inhibitors affect the 
signaling of c-kit, platelet-derived growth factor receptor, and c-Src, 
which are also key regulators in the ovary, the direct effect of imati-
nib or dasatinib on folliculogenesis should be investigated [26]. 

In the present study, we investigated mouse ovarian follicle devel-
opment 3 days after exposure to a single dose of imatinib or dasati-
nib with Cp. However, a further study will be needed to verify the im-
pact of various durations of exposure or various doses of imatinib or 

dasatinib with Cp. Moreover, further research is required on the im-
pact of imatinib or dasatinib with Cp on ovarian or embryo-related 
parameters. In conclusion, coadministration of imatinib or dasatinib 
with Cp did not affect in vitro preantral follicle development and 
healthy oocyte acquisition in mice, but could preserve AMH produc-
tion capacity in the final ruptured follicles. Our findings suggest that 
imatinib and dasatinib might have a fertoprotective role by preserv-
ing AMH production. 
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Objective: The sperm DNA fragmentation index (DFI) guides the clinician’s choice of an appropriate assisted reproductive technology (ART) 
procedure. The DFI can be determined using commercially available methodologies, including sperm chromatin dispersion (SCD) kits and 
sperm chromatin structure assay (SCSA). Currently, when DFI is evaluated using SCD kits, the result is analyzed in reference to the SCSA-de-
rived threshold for the choice of an ART procedure. In this study, we compared DFI values obtained using SCSA with those obtained using 
SCD and determined whether the difference affects the choice of ART procedure. 
Methods: We compared SCSA to two SCD kits, CANfrag (n=36) and Halosperm (n=31), to assess the DFI values obtained, the correlations be-
tween tests, the technical repeatability, and the impact of DFI on the choice of ART. 
Results: We obtained higher median DFI values using SCD kits than when using SCSA, and this difference was significant for the CANfrag kit 
(p<0.001). The SCD kits had significantly higher coefficients of variation than SCSA (p<0.001). In vitro fertilization/intracytoplasmic sperm in-
jection (IVF/ICSI) would be chosen for a significantly higher proportion of patients if a decision were made based on DFI derived from SCD 
rather than DFI determined using SCSA (p=0.003). 
Conclusion: Our results indicate that SCD kit-specific thresholds should be established in order to avoid the unnecessary use of IVF/ICSI 
based on sperm DNA damage for the management of infertility. Appropriate measures should be taken to mitigate the increased variability 
inherent to the methods used in these tests. 

Keywords: Assisted reproductive technology; DNA fragmentation; Male infertility; Sperm

Introduction 

Successful pregnancy depends on several factors, including the in-
tegrity of the sperm chromatin, which is represented by the sperm 

DNA fragmentation index (DFI). An elevated DFI is inconducive to 
both fertilization and pregnancy [1-8]. Clinicians therefore recognize 
the value of DFI in the evaluation of male infertility in couples with 
recurrent pregnancy failure and in the choice of an appropriate as-
sisted reproductive technology (ART) procedure. A number of meth-
odologies are currently available to assess DFI. Two of these detec-
tion methods are based on the denaturing capacity of sperm chro-
matin: sperm chromatin structure assay (SCSA) and sperm chromatin 
dispersion (SCD) kits. 

SCSA, as the gold standard for the assessment of sperm DNA frag-
mentation, consists of a fixed flow cytometry protocol, requires a 



proprietary software program (SCSAsoft; SCSA Diagnostics, Brook-
ings, SD, USA) and produces a highly repeatable measure of DFI [9]. 
SCD kits are technician-dependent light microscope tests that mea-
sure 50–500 sperm per sample to provide a DFI based on the pres-
ence or absence of a dispersion halo around the fragmented or 
non-fragmented sperm, respectively [10]. Several SCD kits are avail-
able and serve as inexpensive alternatives to SCSA. 

The proprietors of SCSA have classified statistical categories of-
sperm fertility potential based on DFI, with < 15% considered to in-
dicateexcellent to good fertility potential, 15%–25% good to fair fer-
tilitypotential, > 25%–50% fair to poor fertility potential, and > 50% 
verypoor integrity. The probability of a successful pregnancy out-
come sharply declines with a DFI > 25% when female factor infertili-
ty is excluded [7,11,12], and the suggested clinical intervention when 
DFI is > 25% is in vitro fertilization (IVF) or intracytoplasmic sperm in-
jection (ICSI) rather than in vivo or intrauterine insemination [13-15]. 
Similar to SCSA, SCD has been indicated in published studies to have 
a predictive threshold between 20% and 27% for infertile men [16-
19]. A threshold above 17%–18% has been found to affect the fertil-
ization outcome [18,20]. This cutoff is specific to one SCD kit, Halo-
sperm, and is not a global threshold that is applicable across all SCD 
kits. Additionally, no general consensus exists regarding the thresh-
old above which a certain ART procedure should be selected based 
on DFI from determined with a particular SCD kit, and the current 
standard is to use SCSA thresholds. To add another layer of complexi-
ty, studies comparing DFI generated by SCSA and SCD have indicat-
ed both concordance between the 2 tests and discordance, such as a 
higher DFI obtained when an SCD kit is utilized [16,17,21,22]. 

In this study, we compared SCSA to the two most commonly used 
SCD kits (CANfrag and Halosperm) with regard to the DFI values ob-
tained and the technical repeatability. Our goal was to determine 
whether the values generated from each of these kits would be simi-
lar in the same patient. We also investigated whether the type of kit 
used and the DFI generated affects the type of ART procedure cho-
sen for the patient. 

Methods 

1. Patients and study design 
A total of 41 male patients (age range, 27–45 years) were enrolled 

in this study, which was performed at the Andrology Centre in Coim-
batore City, Tamil Nadu, India. Semen samples were collected from 
each patient after informed consent was obtained. All procedures 
were performed according to Institutional Review Board policy. All 
patients underwent serology assessment for viral or bacterial infec-
tions, including tests for human immunodeficiency virus (HIV)-1 and 
2, hepatitis B surface antigen, hepatitis C virus, and other standard 

laboratory tests for sexually transmitted infections, before undergo-
ing the SCSA or SCD tests. Prior to sample collection, patients were 
asked to adhere to an ejaculatory abstinence regime spanning 24–
48 hours. The semen samples were collected via masturbation into a 
sterile wide-mouthed calibrated container. After liquefaction for 1 
hour at room temperature, 200–500 µL of the raw semen was ali-
quoted into cryovials without cryoprotectant and flash-frozen in liq-
uid nitrogen. Samples were analyzed fresh or frozen/thawed. Two 
SCD kits (CANfrag and Halosperm) and SCSA were chosen for the DFI 
analyses. A CANfrag kit was utilized on 36 patient samples and a Ha-
losperm kit on 31 samples, and all 41 patients were assessed via 
SCSA (Figure 1). The DFI value, the correlation of DFI between the dif-
ferent assays, the coefficient of variation (CV) between technical rep-
licates, and the impact on the choice of ART procedure were com-
pared among SCSA and the specific kits (Figure 1). All reagents were 
purchased from Sigma-Aldrich (Millipore-Sigma, St. Louis, MO, USA) 
unless otherwise noted. 

2. SCSA test protocol 
Individual semen samples, stored in liquid nitrogen tanks (−196°C), 

were thawed in a 37°C water bath and then immediately placed on 
crushed ice. An aliquot of raw semen was transferred to a solution of 
TNE buffer (0.01 M Tris-HCl, 0.15 M NaCl, and 1 mM EDTA; pH 7.4) at 
4°C to yield a final concentration of approximately 1–2 × 106 sperm/
mL. A total of 200 µL of this sperm suspension was admixed with 400 
µL of a solution containing 0.08 N HCl, 0.15 M NaCl, and 0.1% (v:v) 
Triton X-100 at 4°C. Importantly, the HCl was diluted from a commer-
cial solution of 2.0 N HCl. After 30 seconds, sperm were stained by 
adding 1.2 mL of staining solution containing 6 µg/mL acridine or-
ange (AO, chromatographically purified; Polysciences, Warrington, 

41 Patients enrolled in study
(age range, 27–45 yr)

36 Canfrag vs. SCSA
31 Halosperm vs. SCSA

29 SCSA vs. Canfrag vs. 
Halosperm

Comparison of 
clinical decision 
based on %DFI

%DFI
Correlation

%CV

Figure 1. Flowchart of study design. A total of 41 patients were 
enrolled in the study, all of whom were assessed via sperm 
chromatin structure assay (SCSA). Subsets of patients were also 
compared using CANfrag (n=36) or Halosperm (n=31) sperm 
chromatin dispersion kits as indicated. The DNA fragmentation 
index (DFI), correlation, % coefficient of variation (CV), and impact of 
the derived DFI on the clinical decision were assessed.
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PA, USA), 0.2 M Na2PO4, 0.1 M citric acid (pH 6.0), 1 mM EDTA, and 
0.15 M NaCl to yield an AO:DNA-P molar ratio of ≥ 2 [23]. The acid-/
AO-stained sample was placed in a flow cytometer (FACSCalibur; BD 
Biosciences, San Jose, CA, USA) sample chamber, and sample flow 
was initiated to bring the sheath flow and sample flow to equilibri-
um within 2 minutes. Subsequently, 5,000 sperm were analyzed at 
an event rate of 100–250 events/sec. If the event rate exceeded 250 
events/sec, a new sample was prepared to ensure full equilibrium 
between the AO dye and the sperm. The flow cytometer was cali-
brated with a reference sample at the start of sample analysis, and 
the same reference sample was analyzed after every five test sam-
ples to calibrate the instrument. Each test sample was analyzed in 
duplicate, and replicates of the data were utilized to determine the 
percentage of sperm with measurably increased red fluorescence 
(sperm with fragmented DNA as determined using SCSAsoft). If a 
> 10% difference in DFI was observed between the raw X and Y 
means in the replicates, the sample was repeated. The standard devi-
ations between the replicates were calculated. 

3. CANfrag 
Low-melting-point agarose, which was pre-provided in a micro-

centrifuge tube, was placed in a float in boiling water (90°C–100°C) 
for 5 minutes and then transferred to a 37°C water bath for equilibra-
tion. An aliquot of fresh or flash-frozen semen sample was added to 
this tube of melted agarose in order to achieve a final sperm concen-
tration of 15–20 million/mL. A volume of 150 µL of this agarose-se-
men sample mixture was pipetted onto the provided slide, covered 
with a coverslip (25 mm × 50 mm), and allowed to solidify at 4°C for 
5 minutes. The coverslip was carefully removed, and the slide was 
kept on a horizontal staining tray and immersed in 1 mL of acid de-
naturant solution for 7 minutes. After this period, the excess acid 
solution was drained, 1 mL of lysis buffer was added, and the slide 
was incubated at room temperature for 10 minutes. The slide was 
washed gently with 20 mL of distilled water to remove the lysis buf-
fer, and sequential dehydration steps were performed using dehy-
drating solutions 1, 2, and 3 (provided in the kit). The slides were air-
dried and stained using the staining solution provided with the kit 
(working stain prepared: 300 µL of stain+100 µL of dilution buffer), 
250 µL of which was used to stain each slide. The slides were incu-
bated for 5 minutes, air-dried, and examined under × 400 magnifi-
cation using a light microscope (CH20i; Olympus, Tokyo, Japan). Each 
slide was scored for 200 spermatozoa by three lab technicians. 
Sperm cells with absent or small halos ( ≤ 1/3 of the head width) 
were counted as sperm with fragmented DNA; otherwise, they were 
considered normal sperm. The means and standard deviations were 
calculated. 

4. Halosperm 
Low-melting-point agarose (1%), which was pre-provided in a mi-

crocentrifuge tube, was placed in a float in boiling water (90°C–100°C) 
for 5 minutes and then transferred to a 37°C water bath for equilibra-
tion. An aliquot of fresh or flash-frozen semen sample was added to 
this tube of melted agarose in order to achieve a final sperm concen-
tration of 5–10 million/mL. A drop of 10–15 µL of this agarose-se-
men sample mixture was pipetted onto the pre-treated slide and 
covered with a coverslip (18 × 18 mm or 22 × 22 mm), the edges of 
which were pressed gently to obtain an uniform distribution of the 
gel on the slide. The slide was then incubated at 4°C for 5 minutes. 
The coverslips were carefully removed, and the slides were immedi-
ately placed on a horizontal staining tray. An acid denaturant solu-
tion was freshly prepared (80 µL of the acid denaturant+10 mL of 
distilled water, provided in the kit), added to the gel, and allowed to 
react for 7 minutes. On completion, the slides were placed on anoth-
er tray of lysis buffer and incubated at room temperature for 25 min-
utes. The slides were washed with abundant distilled water to com-
pletely remove the lysis solution and were then incubated for 5 min-
utes. Following this, the slides were sequentially dehydrated using 
70%, 90%, and 100% ethanol (Changshu Hongsheng Fine Chemical, 
Jiangsu, China) for 2 minutes each, respectively. The slides were air-
dried and stained using Diff-Quik Stain (Cell Life Ref: CL06; Cell Life, 
Visakhapatnam, India). First, azure A (eosin-red) stain was added and 
incubated for 7 minutes, and azure B (nigrosin-blue) stain was added 
and incubated for 7 minutes. The slides were incubated for an addi-
tional 5 minutes, air-dried, and examined under × 400 magnification 
using a light microscope (CH20i, Olympus). Each slide was scored for 
500 spermatozoa by three lab technicians. Sperm cells with absent 
or small halos ( ≤ 1/3 of the head width) were counted as sperm with 
fragmented DNA; otherwise, they were considered normal sperm. 
The means and standard deviations were calculated. 

5. Statistical analysis 
The CV was calculated for the triplicate readings from SCD and the 

duplicate readings from SCSA using the formula ([standard devia-
tion/mean] × 100). The DFI value was used as an indicator of sperm 
quality, namely excellent ( < 15%), good to fair (15%–25%), fair to 
poor ( > 25%–50%) and very poor ( > 50%). The specific statistical 
tests used to determine significant differences (p < 0.05) are men-
tioned in the respective parts of the Results section. 

Results 

1. Higher DFI in SCD kits than in SCSA 
The DFI derived from SCSA was significantly lower than the DFI de-

rived using the CANfrag SCD kit (Wilcoxon test, p < 0.001) (Table 1). 
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Additionally, in the correlation analysis between SCSA and the SCD 
kits, both SCD kits had a strong significant correlation with the SCSA 
kit (Spearman rank tests, p-values in Table 1). Of the patients tested, 
29 had their sperm analyzed using all three tests. Two-way analysis 
of variance (ANOVA) revealed that DFI was the lowest when deter-
mined using SCSA and was slightly greater when determined using 
either Halosperm or CANfrag (Figure 2). The median DFI levels were 
19.3%, 24.7%, and 29% for SCSA, Halosperm and CANfrag, respec-
tively, and the level associated with CANfrag was significantly higher 
than those for SCSA or Halosperm (two-way ANOVA, p < 0.0001) 
(Figure 2). 

2. Technical repeatability of SCSA was superior to that of SCD 
kits 

We calculated the CVs of the replicates for each patient to deter-
mine the technical repeatability of the tests. The CVs ranged from 
0%–18% (mean, 4.7%) for SCSA, 2%–54% (mean, 24.2%) for CAN-
frag and 7%–62% (mean, 27.2%) for Halosperm. The CV associated 
with SCSA was significantly lower than the CVs associated with CAN-
frag or Halosperm (repeated-measures ANOVA and Bonferroni post-
hoc test, p < 0.001). When an arbitrary cut-off value of 10% was set 
for CV, we observed that 30 of 36 patients (83.3%) for CANfrag, 29 of 

31 (93.5%) for Halosperm, and four of 41 (9.7%) for SCSA would re-
quire repetition of the test. The mean DFI, along with its 95% confi-
dence interval, was calculated for each test (Figure 3). Outside lines 
closer to the mean indicate higher repeatability of the test.  

3. Fewer patients chosen for IVF/ICSI when SCSA was utilized 
Since DFI informs the choice of ART procedure, we compared DFI 

and the subsequent ART procedure chosen in 29 patients when 
SCSA, Halosperm or CANfrag was used. A heatmap representing the 
classification of the sperm into four categories of sperm potential 
showed a striking difference in the number of patients presenting 
with a higher DFI and lower fertility potential when an SCD kit was 
used (Figure 4A). The clinical management plan for each of these pa-

Table 1. Comparison of DFI and correlation of SCSA to SCD kits

Test
No. of  

patients
Median DFI SCSA 

vs. SCD
Correlation to SCSA 

(Spearman rho)
CANfrag 36 19.8 vs. 27.4a) 0.71a)

Halosperm 31 19.3 vs. 24.3 0.62a)

The DFI was higher with CANfrag and Halosperm than with SCSA, with a sig-
nificant difference noted for CANfrag (per the Wilcoxon test). All tests correlat-
ed with SCSA test values.
DFI, DNA fragmentation index; SCSA, sperm chromatin structure assay; SCD, 
sperm dispersion kit.
a)p < 0.001.
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Figure 2. Lower DNA fragmentation index (DFI) values obtained 
with sperm chromatin structure assay (SCSA) than with sperm 
chromatin dispersion (SCD) kits. The graph indicates the DFI with the 
line within the box set at the median in 29 semen samples analyzed 
using SCSA (median DFI, 19.3%), Halosperm (median DFI, 24.7%) 
or CANfrag (median DFI, 29%). The DFI of SCSA and Halosperm was 
significantly lower than CANfrag. a)p<0.001, statistically significant.

Figure 3. Technical repeatability of the test. The graph indicates the mean DNA fragmentation index (DFI; black line) and the 95% confidence 
interval (green, upper limit; red, lower limit) of the different tests. (A) Sperm chromatin structure assay (SCSA). (B) Halosperm. (C) CANfrag.

70

60

50

40

30

20

10

0

80

70

60

50

40

30

20

10

0

80

70

60

50

40

30

20

10

0

SCSA

D
FI

 (%
)

D
FI

 (%
)

D
FI

 (%
)

Halosperm CANfrag

Mean Mean MeanLower tier Lower tier Lower tierHigher tier Higher tier Higher tier

A B C

https://doi.org/10.5653/cerm.2020.03860280

Clin Exp Reprod Med 2020;47(4):277-283



tients was further analyzed. This comparison revealed that if the 
SCSA testing method had been used for assessing sperm damage, 
and 25% DFI was set as the cutoff above which IVF/ICSI was selected 
instead of in vivo or intrauterine insemination, clinicians would have 
selected only nine of 29 patients for IVF/ICSI when using SCSA as op-
posed to 14 of 29 and 22 of 29 when using Halosperm and CANfrag, 
respectively (chi-square test, p = 0.003) (Figure 4B). 

Discussion 

In this proof-of-concept report, we established that commercially 
available SCD kits showed higher DFI values than SCSA for the same 
patient, were technically less reliable, and resulted in the ART ap-
proach of IVF/ICSI being chosen for more patients. This is the first 
study of its kind that not only included the analysis of DFI across two 
different methodologies (SCSA and SCD) but also employed the use 
of various SCD kits on the same patient sample, highlighting the 
high subjectivity and variability of clinical DFI values for the same pa-

tient across various testing methods. 
In SCSA, the use of flow cytometry is employed to determine the 

levels of intact native double-stranded DNA and fragmented sin-
gle-stranded DNA. One of the major advantages of flow cytometric 
assessments is the number of cells analyzed; in this case, a minimum 
of 5,000 individual sperm cells are analyzed in duplicate. The use of a 
proprietary software program to convert the data into a DFI value re-
moves the ambiguity of an operator-dependent method and pro-
vides a robustness that is lacking in other methodologies. In compar-
ison, the SCD kit methods involve the analysis of 100–500 cells in se-
lect fields, depends on the experience of technicians, and provides 
an incomprehensive representation of the DNA integrity of the com-
plete sample. It is imperative to choose an appropriate method with 
strict guidelines when using sperm DNA integrity reports to inform 
the clinical management of infertile couples. 

It is currently challenging for researchers and clinicians to compare 
DFI derived from different assays across diverse studies to assess the 
risk of male factor infertility. In our results, a higher DFI was recorded 
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Figure 4. (A) Differences in categorizing sperm potential. A heat map of 29 patients with the representative DNA fragmentation index (DFI) 
for a patient when sperm chromatin structure assay (SCSA), Halosperm, or CANfrag were used. The color-coding represents the categories 
of sperm potential established for SCSA (green, <15% DFI, indicating excellent fertility potential; yellow, 15%–25% DFI, indicating good to 
fair fertility potential; orange, >25%–50% DFI, indicating fair to poor fertility potential; red, >50% DFI, indicating very poor integrity). (B) 
Clinical management is affected by the type of assay utilized to measure the DFI. The bars provide a visual representation of the number of 
patients selected for in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI) or in vivo/intrauterine fertilization (in vivo/IUI) when SCSA, 
Halosperm, or CANfrag kits were used. The chi-square test revealed a statistically significant difference in the type of assisted reproductive 
technology (ART) procedure chosen based on the assay (p=0.003). SCD, sperm chromatin dispersion. a)Statistically significant.
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when using a SCD kit than when using SCSA, and a similar result has 
been found in other studies [20,24,25]. The results regarding CV and 
technical repeatability appear to be contentious; the Halosperm pio-
neer laboratory reported a CV of 6%–12% [10], which is much lower 
than our observed values (2%–54% for CANfrag and 7%–62% for 
Halosperm). The results of our study also suggest that SCSA pro-
duced reliable results with duplicates in > 90% of cases, while using 
an SCD test produced reliable results in only < 17% of cases. A lim-
itation of this study is the lack of clinical data and the need for valida-
tion in a much larger patient population with known clinical out-
comes. Regardless, our manuscript brings into focus the subjective 
nature of SCD and emphasizes that it is unrealistic to expect techni-
cians of varying levels of experience to be sufficiently skilled to assess 
DFI accurately. The availability of several SCD test kits also confounds 
the accurate interpretation of results [26]. Ideally, the proprietors of 
SCD kits should put forth a cut-off value specific to each kit, as in the 
case of SCSA (i.e., > 10% DFI between technical replicates), above 
which the test needs to be repeated. This is currently unaddressed, 
and no guidelines are available for use by inexperienced technicians 
or labs. 

The majority of andrology laboratories that use SCD test kits cur-
rently use the available SCSA thresholds to determine sperm quality 
and inform subsequent clinical management. Our analyses of the 
impact of DFI derived from SCD versus that derived from SCSA indi-
cated that when SCD kits are used, a significantly higher number of 
patients would be categorized as having poor-quality sperm, and 
subsequently, a higher number of patients would be selected to un-
dergo IVF/ICSI, creating ambiguity in the clinical setting. Given that a 
higher DFI is known to be derived from SCD kits, it is critical to utilize 
threshold values specific to the patient population or infertility cen-
ter for the preferred SCD kit in order to maximize the potential de-
rived from each of these tests, as suggested by Ribas-Maynou et al. 
[20]. This approach allows refinement of the choice of ART procedure 
based on SCD results and avoids the unwarranted use of ICSI for the 
clinical management of male factor infertility. As in the case of tech-
nical repeatability, thresholds to simplify patient management are 
also needed. This is achievable only when a larger number of pa-
tients with known clinical outcomes are compared with regard to 
DFI values obtained using a specific SCD test and the existing 
gold-standard assay (SCSA). Additionally, a threshold value must be 
defined not only for male factor infertility but also to identify a cutoff 
DFI above which an increased risk of miscarriage or pregnancy fail-
ure is observed. 

In conclusion, our report establishes that SCSA is reliable with re-
spect to technical repeatability and provides a more streamlined ap-
proach for the management of infertile couples. Parameters must be 
established for a chosen SCD test instead of utilizing the thresholds 

set for SCSA for the clinical management of infertile couples. 
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Objective: This study investigated whether adding outer-well medium to inhibit osmotic changes in culture media in a dry-type incubator 
improved the clinical outcomes of in vitro fertilization-embryo transfer (IVF-ET) cycles. 
Methods: In culture dishes, the osmotic changes in media (20 µL)-covered oil with or without outer-well medium (humid or dry culture con-
ditions, respectively) were compared after 3 days of incubation in a dry-type incubator. One-step (Origio) and G1/G2 (Vitrolife) media were 
used. 
Results: The osmotic changes in the dry culture condition (308 mOsm) were higher than in the humid culture conditions (285–290 mOsm) 
after 3 days of incubation. In day 3 IVF-ET cycles, although the pregnancy rate did not significantly differ between the dry (46.2%) and humid 
culture (51.0%) groups, the rates of abortion and ongoing pregnancy were significantly better in the humid culture group (1.5% and 49.5%, 
respectively) than in the dry culture group (8.3% and 37.8%, respectively, p<0.05). In day 5 IVF-ET cycles, the abortion rate was significantly 
lower in the humid culture group (2.2%) than in the dry culture group (25.0%, p<0.01), but no statistically significant difference was observed 
in the rates of clinical and ongoing pregnancy between the dry (50.0% and 25.0%, respectively) and humid culture groups (59.5% and 57.3%, 
respectively) because of the small number of cycles. 
Conclusion: Hyperosmotic changes in media occurred in a dry-type incubator by evaporation, although the medium was covered with oil. 
These osmotic changes were efficiently inhibited by supplementation of outer-well medium, which resulted in improved pregnancy out-
comes. 

Keywords: Clinical outcomes; Dry-type incubator; Evaporation; Osmotic change; Outer-well medium  

Introduction 

Even brief exposure of preimplantation mouse embryos to high-os-

molality culture medium ( > 300 mOsm/kg) in the absence of os-
molytes resulted in impaired development [1-3]. The detrimental ef-
fect of hyperosmolality has also been reported in the development 
of various mammalian embryos, including murine [4-6], rat [7], por-
cine [8,9], and bovine [10,11] embryos. Moreover, in vitro two-cell 
blocks of mouse embryos were significantly alleviated by culturing 
them in low-osmolarity (250 mOsm) medium compared to high-os-
molality ( > 300 mOsm) medium [12]. Biggers et al. [3] reported that 
when the NaCl concentration was increased in the medium, the in-
tracellular Na+/K+ ratio dramatically increased, which was detrimen-



tal to mouse embryo development. The detrimental effects of hyper-
osmolality occur by triggering cell shrinkage, oxidative stress, protein 
carbonylation, mitochondrial depolarization, DNA damage, cell cycle 
arrest, and apoptosis [13,14]. 

From a different point of view, an increase in extracellular osmo-
lality can promote water flux out of the cell, triggering cell shrink-
age and intracellular dehydration [15]. Intracellular water loss inter-
feres with many cellular functions, including DNA synthesis and re-
pair, transcription, protein translation and degradation, and mito-
chondrial function. As a result, cell cycle progression and cell prolif-
eration are arrested [13]. Dry-type incubators are now widely used 
instead of humid-type incubators due to the development of infra-
red CO2 sensors [16] and the low possibility of microorganism over-
growth [17]. In addition, dry-type incubators have smaller culture 
chambers than humid-type incubators, is advantageous in terms of 
the short recovery time for gas and temperature after the door is 
opened. However, concerns about the possible change in the osmo-
lality of the medium by evaporation remain a reason why clinicians 
may hesitate to use a dry-type incubator. Although overlying cul-
ture dishes with oil could inhibit the shift in the osmolality of the 
medium, whether it completely eliminates the change in osmolality 
remains controversial [18]. Recently, human embryos cultured in 
dry-type incubators showed significantly lower implantation and 
clinical pregnancy rates than those cultured in humid-type incuba-
tors [18]. 

The present study was performed to compare osmotic changes in 
culture media covered in oil in various types of culture dishes, and to 
investigate whether a beneficial effect on clinical outcomes in in vitro 
fertilization-embryo transfer (IVF-ET) cycles could be obtained by 
supplementation with outer-well medium to inhibit osmotic chang-
es in culture media in a dry-type incubator. 

Methods 

This retrospective study was approved by the Institutional Review 
Board of Mamapapa and Baby Clinic (IRB No. 2019-10-01), and was 
conducted from August 2018 to August 2019. 

1. Patients 
In total, 796 IVF-ET cycles in 673 patients were analyzed in the 

present study. Twelve patients who underwent their first 3-day IVF-
ET cycles using a cell culture dish, but failed to show implantation or 
ongoing pregnancy, completed their second IVF-ET cycles using a 
GPS dish to compare the clinical outcomes between cell culture and 
GPS dish cycles. After a comparison of these 12 patients, we 
changed the culture medium from 1-Step medium to G1/G2 medi-
um; the remaining 772 IVF-ET cycles in 661 patients were per-

formed using G1/G2 medium. Of these cycles, 168 IVF-ET cycles (156 
day 3 IVF-ET cycles + 12 day 5 IVF-ET cycles) in 159 patients used 
cell culture dishes, while 628 IVF-ET cycles (539 day 3 IVF-ET cycles 
+ 89 day 5 IVF-ET cycles) in 514 patients used GPS dishes. In the ear-
ly stage of the study, we found that using the GPS dish had a bene-
ficial effect on clinical outcomes, and after confirming a significant 
improvement in pregnancy outcomes in the GPS dish group, we 
completely changed to GPS dishes. The ultimate goal of our studies 
is to improve the pregnancy rate in IVF cycles; therefore, we could 
no longer use the cell culture dishes. This change resulted in the dif-
ference of the number of cycles between the cell culture and GPS 
dish groups.  

2. Ovarian stimulation and oocyte aspiration  
Controlled stimulation for IVF cycles was performed with a mild 

stimulation protocol using a combination of a gonadotropin-releas-
ing hormone (GnRH) antagonist and gonadotropins. Patients re-
ceived 150 IU of recombinant follicle-stimulating hormone (Gonal-F; 
Merck Serono, Darmstadt, Germany) alone as a daily injection from 
cycle day 3 until the day when human chorionic gonadotropin (hCG) 
was administered. The GnRH antagonist (Cetrotide, Merck Serono) 
was initiated on the day when the leading follicle reached a diameter 
of 14 mm. Ovarian follicular development was monitored by trans-
vaginal ultrasonography. When the leading follicles reached ≥ 18 
mm in maximum diameter, as detected by sonography, ovulation 
was induced by injecting 250 µg of hCG (Ovidrel, Merck Serono). Oo-
cyte retrieval was performed using 20-gauge ovum aspiration nee-
dles (Cook Medical, Bloomington, IN, USA) under standard transvagi-
nal ultrasound guidance 35–36 hours after hCG administration. The 
luteal phase was supported by progesterone injection or vaginal gel 
(Crinone, Merck Serono). A serum β-hCG test was performed about 2 
weeks after oocyte retrieval. Clinical pregnancy was confirmed by 
the visualization of a gestational sac. Ongoing pregnancy was de-
fined as a pregnancy that was maintained for over 20 weeks of ges-
tation. 

3. Embryo culture in vitro 
One-Step (Origio, Malov, Denmark) and G1/G2 media (Vitrolife, 

Göteborg, Sweden) were employed in IVF-ET cycles. The culture dish-
es for IVF and embryo culture were prepared and incubated in a hu-
mid-type incubator (HERAcell 150i; Thermo Scientific, Waltham, MA, 
USA) overnight to achieve an optimal pH of 7.2–7.3. Fertilized oo-
cytes were individually cultured in 20-μL drops of the culture medi-
um covered in oil for 3–5 days until transfer, in 6.0% CO2, 5% O2 and 
89.0% N2, in a dry-type incubator (Miri; ESCO, New Haven, CT, USA). 
The embryos were cultured in a cell culture dish without outer-well 
medium (dry culture condition) or in a µ-drop GPS dish with out-
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er-well medium (humid culture condition). In day 5 IVF-ET cycles of 
the cell culture dish and GPS dish groups, dish change was per-
formed on day 3 by transferring the embryos to a new culture dish 
prepared on day 2, to inhibit osmotic changes induced by evapora-
tion and to serve as a new culture medium. 

4. Estimation of osmolality changes in media 
Osmotic changes in micro-drops (20 µL) of medium covered in oil 

and with or without outer-well medium supplementation were 
compared in the following types of culture dishes: cell culture (Corn-
ing Inc., Corning, NY, USA), µ-droplet culture (Vitrolife), microwell cul-
ture (DNP, Kashiwa, Japan), and µ-drop GPS (LifeGlobal, Brussels, Bel-
gium) (Figure 1). Ham’s F-10 (Gibco, Grand Island, NY, USA) and G1 
(Vitrolife) were used to investigate changes in osmolality. The basic 
osmolality of the media was about 280 and 275 mOsm/kg, respec-
tively. The osmolality of media was estimated with a micro-osmome-
ter (Advanced, Norwood, MA, USA), after 3 days of incubation in the 
dry-type incubator. 

5. Embryo sequential scoring 
The quality of embryos was daily evaluated and scored according 

to the developmental stage and speed, as well as the shape of blas-
tomeres and degree of fragmentation (Figure 2). The embryo grades 
and scores were as follows: grade 1 (+5 points), no fragmentation 

with equal-sized blastomeres; grade 2 (+4 points), < 10% fragmen-
tation with equal-sized blastomeres or no fragmentation with un-
equal-sized blastomeres; grade 3 (+3 points), 10% ≤  fragmentation 
< 25%; grade 4 (+2 points), 25% ≤  fragmentation < 50%; grade 5 
(+1 point), ≥ 50% fragmentation; arrested embryos (0 point). When 
an embryo showed a normal developmental speed and stage, an 
additional point was given (+1 point), such as two-cell cleavage on 
day 1, four-cell stage on day 2, eight-cell stage on day 3, or compac-
tion on day 4. It has been reported that fast cleavage speed on day 4 
showed an association with high aneuploidy and low blastocyst for-
mation rates. Moreover, in our accumulated data, the pregnancy rate 
of embryos with a normal cleavage speed was higher than high-
speed embryos or low-speed embryos. The quality of blastocysts 
were evaluated separately in terms of the inner cell mass and tro-
phectoderm; each cell type was classified as grade A to C, and points 
were given according to the grades, as follows; A (+3 points), B (+2 
points) and C (+1 point). The embryos with the highest cumulative 
scores were selected for transfer. 

6. Statistical analysis 
Statistical analysis was performed with SPSS ver. 11.0 (SPSS Inc., 

Chicago, IL, USA). Means and standard deviations were calculated 
for all variables. The Student t-test was employed to analyze differ-
ences in patients’ age, endometrial thickness, number of oocytes re-
trieved, scores of embryos, and number of embryos transferred be-
tween the dry and humid culture groups. Differences in clinical out-
comes between the two groups were analyzed by the chi-square 
test, and p-values < 0.05 were considered to indicate statistical sig-
nificance. 

Cell culture (Corning, dry culture)

Microwell culture  
(DNP, humid culture)

μ-drop GPS  
(Life Global, humid culture)

μ-droplet culture  
(Vitrolife, humid culture)

Figure 1. Various culture dishes were used to compare osmotic 
changes of μ-drop medium covered in oil and with (humid culture) 
or without outer well medium (dry culture) after 3 days of incubation 
in a dry-type incubator.

Figure 2. Embryo sequential scoring for evaluation of embryo 
quality. ICM, inner cell mass.

Embryo quality Day 1 Day 2 Day 3 Day 4 Day 5
2-Cell cleavage +1
Grade 1 +5 +5
Grade 2 +4 +4
Grade 3 +3 +3
Grade 4 +2 +2
Grade 5 +1 +1
Arrest 0 0 0 0
4-Cell stage +1
8-Cell stage +1
Compaction +1
Expanded +3
Expanding +2
Early +1
AA (ICM/trophectoderm) +3
AB, BA +2
BB +1
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Results 

1. Osmotic changes in media according to the type of culture 
dish after 3 days of incubation in a dry-type incubator 

Osmotic changes in 20-µL droplets of Ham’s F-10 (280 mOsm) and 
G1 (275 mOsm) media according to the various types of culture dish-
es were compared after 3 days of incubation in the dry-type incuba-
tor (Table 1). The osmolality of Ham’s F-10 in the cell culture dishes 
(301.1 mOsm) in the dry-type incubator was higher than that (286.1 
mOsm) in the humid-type incubator, although the dishes were cov-
ered in 6 mL of oil. Compared to the cell culture dishes with dry cul-
ture conditions (without outer-well medium, 301.1 mOsm), the hu-
mid culture conditions (with outer-well medium) using the µ-droplet 
culture (290.4 mOsm), Microwell culture (285.3 mOsm) and µ-drop 
GPS (287.2 mOsm) dishes showed lower osmolality. The osmolality 
of the G1 medium in the cell culture dishes (293.7 mOsm) and 
µ-drop GPS dishes without outer-well medium (293.6 mOsm) was 

higher than that in the µ-drop GPS dishes with outer-well medium 
(285.0 mOsm) after 3 days of incubation in the dry-type incubator. 
Although there was no difference in the osmotic change between 
the GPS dish and the other dishes supplemented with outer well 
medium, we selected the µ-drop GPS dishes to use for human em-
bryo culture because of their suitability for our culture system. 

2. Clinical outcomes of the first (cell culture dish, dry culture) 
and second day 3 IVF-ET cycles (GPS dish, humid culture) in the 
same 12 patients using 1-Step (Origio) medium 

As shown in Table 1, supplementation of outer-well medium (humid 
culture condition) was efficient for maintaining the osmolality of me-
dia in the dry-type incubator. To investigate the possible beneficial ef-
fects of the humid culture condition, in the same 12 patients, the first 
IVF-ET cycle was performed using the cell culture dishes and the sec-
ond IVF-ET cycle was performed using the GPS dishes (Table 2). 

There were no significant differences in the characteristics of the 

Table 1. Osmotic changes in media according to the type of culture dishes after 3 days of incubation in a dry type incubator

Culture dish Incubator type Media (mOsm/kg) Cover oil (mL) Outer well media (mL) Osmolality (mOsm/kg)
Cell culture (Corning) Humid Ham’s F-10 (280) 6 0 286.1
Cell culture (Corning) Dry Ham’s F-10 (280) 6 0 301.1
µ-droplet culture (Vitrolife) Dry Ham’s F-10 (280) 0.8 0.9 290.4
Microwell culture (DNP) Dry Ham’s F-10 (280) 0.03 2 285.3
µ-drop GPS (LifeGlobal) Dry Ham’s F-10 (280) 2 4 287.2
Cell culture (Corning) Dry G1 (275) 6 0 293.7
µ-drop GPS (LifeGlobal) Dry G1 (275) 2 0 293.6
µ-drop GPS (LifeGlobal) Dry G1 (275) 2 4 285.0

Humid, HERAcell 150i incubator; Dry, ESCO Miri R incubator.

Table 2. Clinical outcomes of the first (cell culture dish, dry culture) and second (GPS dish, humid culture) day 3 IVF-ET cycles in the same 12 
patients using 1-step (Origio) medium

1-step medium/day 3 ET (dry-type incubator)
First IVF cycle (cell culture dish) Second IVF cycle (GPS dish)

p-value
ICSI cIVF Total ICSI cIVF Total

No. of IVF cycles 8 4 12 9 3 12
Mean age (yr) 40.1 35 38.4 ± 4.9 40.3 33.3 38.5 ± 4.9 0.467
Mean endometrium thickness (mm) 9.9 9.3 9.7 ± 1.7 9.8 11.1 10.1 ± 2.1 0.300
Mean no. of oocytes aspirated 4.5 7.7 5.5 ± 3.9 5.4 6 5.5 ± 2.6 0.500
2PN oocytes (%) 26/36 (72.2) 17/31 (54.8) 43/67 (71.6) 29/49 (59.1) 14/18 (77.7) 43/67 (74.1) 0.924
Mean no. of embryos transferred 1.7 2.0 1.8 ± 0.3 2.0 2.0 2.0 ± 0.0 0.076
Mean score of embryos transferred 7.3 8.3 7.6 ± 2.2 6.4 8.0 6.8 ± 2.7 0.211
Clinical pregnancy cycle (%) 3 (37.5) 1 (25.0) 4 (30.7) 4 (44.4) 2 (66.6) 6 (50.0) 0.678
Abortion cycle (%) 3 (37.5) 1 (25.0) 4 (30.7) 0 0 0 0.100
Ongoing pregnancy (%) 0 0 0 4 (44.4) 2 (66.6) 6 (50.0)a) 0.018

Values are presented as mean ± standard deviation or number (%).
Dry culture, without outer well medium; Humid culture, with outer well medium; IVF, in vitro fertilization; ET, embryo transfer; ICSI, intracytoplasmic sperm in-
jection; cIVF, conventional IVF; PN, pronuclei.
a)p < 0.05.
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same 12 patients between the first and second IVF-ET cycles, be-
cause the second IVF-ET cycles were performed within 6 months af-
ter the completion of the first IVF cycles. Although the rates of clinical 
pregnancy and abortion (50.0% and 0%) in the second IVF-ET cycles 
were more favorable than those (30.7% and 30.7%, respectively) in 
the first IVF-ET cycles, the difference was not statistically significant. 
However, the ongoing pregnancy rate (50.0%) of the second IVF-ET 
cycles was significantly higher than the rate (0%, p < 0.05) of the first 
IVF-ET cycles. When the two IVF cycle groups were subdivided into 
intracytoplasmic sperm injection (ICSI) and conventional IVF cycle 
groups, no differences were found in the characteristics of patients 
and clinical outcomes between the subgroups of the first and sec-
ond IVF-ET cycle groups.  

3. Clinical outcomes of day 3 IVF-ET cycles in the cell culture 
dish (dry culture) and GPS dish (humid culture) groups using 
G1/G2 medium (Vitrolife) 

In the day 3 IVF-ET cycles, there were no significant differences in 
the mean age (36.9 ± 4.4 and 37.3 ± 4.2), endometrial thickness 
(10.6 ± 2.4 and 10.4 ± 2.0 mm), score of transferred embryos (9.1 ± 2.3 
and 8.9 ± 2.4) and fertilization rate (67.4 and 69.4%) between the dry 
(156 cycles) and humid culture (539 cycles) groups (Table 3). Howev-
er, the numbers of oocytes retrieved (8.4 ± 4.4) and transferred em-
bryos (2.0 ± 0.4) in the dry culture group were significantly higher 
than those in the humid culture group (7.3 ± 4.0 and 1.9 ± 0.3, re-
spectively, p < 0.05). Nevertheless, the rates of abortion and ongoing 
pregnancy in the humid culture group (1.5% and 49.5%) were sig-
nificantly more favorable than those in the dry culture group (8.3% 
and 37.8%, respectively, p < 0.01), although there was no significant 

difference in the clinical pregnancy rate between the dry (46.2%) 
and humid culture (51.0%) groups. When the two culture groups 
were subdivided into ICSI and conventional IVF cycle groups, the 
characteristics of patients and clinical outcomes of the subgroups 
showed a similar pattern to the total IVF cycles between the two cul-
ture groups. 

4. Clinical outcomes of day 5 IVF-ET cycles in the cell culture 
dish (dry culture) and GPS dish (humid culture) groups using 
G1/G2 medium 

In the day 5 IVF-ET cycles, there were also no differences in the 
mean age (36.1 ± 3.9 and 36.3 ± 3.4 years, respectively), endometrial 
thickness (10.8 ± 1.7 and 10.6 ± 2.1 mm, respectively), the number 
(1.0 ± 0.0 and 1.0 ± 0.2, respectively) and score (16.5 ± 1.8 and 
15.3 ± 3.0, respectively) of embryos transferred, or the fertilization 
rate (77.7% and 76.2%, respectively) between the dry (12 cycles) and 
humid culture (89 cycles) groups (Table 4). However, the number of 
oocytes aspirated (12.3 ± 4.7) in the dry culture group was signifi-
cantly higher than that in the humid culture group (9.9 ± 3.4, 
p < 0.05). The abortion rate in the humid culture group (2.2%) was 
significantly lower than that in the dry culture group (25.0%, 
p < 0.01), but no statistically significant difference was observed in 
the rates of clinical and ongoing pregnancy between the dry (50% 
and 25.0%) and humid culture groups (59.5% and 57.3%, respective-
ly), most likely due to the small number of cycles in the dry culture 
group. When the day 5 IVF-ET cycles in the two culture groups were 
also subdivided into ICSI and conventional IVF cycle groups, the 
characteristics of patients and clinical outcomes of the subgroups 
showed a similar trend to the total IVF cycles between the two cul-

Table 3. Clinical outcomes of day 3 IVF-ET cycles in cell culture dish (dry culture) and GPS dish (humid culture) groups using G1/G2 medium 
(Vitrolife)

G1/G2 media/day 3 ET (dry-type incubator)
Cell culture dish (dry culture) GPS dish (humid culture)

p-value
ICSI cIVF Total ICSI cIVF Total

No. of IVF cycles 82 74 156 236 303 539
Mean age (yr) 37.3 36.6 36.9 ± 4.4 38.2 36.5 37.3 ± 4.2 0.434
Mean endometrium thickness (mm) 10.6 10.6 10.6 ± 2.4 14.2 10.5 10.4 ± 2.0 0.354
Mean no. of oocytes aspirated 7.9a) 8.9a) 8.4 ± 4.4a) 6.4 8.0 7.3 ± 4.0 0.003
2PN oocytes (%) 411 (63.1) 471 (71.5) 882 (67.4) 992 (65.7) 1,737 (71.7) 2,729 (69.4) 0.177
Mean no. of embryos transferred 1.9a) 2.0 2.0 ± 0.4a) 1.8 2.0 1.9 ± 0.3 0.013
Mean score of embryos transferred 8.8 9.4 9.1 ± 2.3 8.4 9.2 8.9 ± 2.4 0.273
Clinical pregnancy cycle (%) 36 (43.9) 36 (48.6) 72 (46.2) 103 (43.6) 172 (56.7) 275 (51.0) 0.337
Abortion cycle (%) 7 (8.5)a) 6 (8.1)a) 13 (8.3)a) 3 (1.3) 5 (1.7) 8 (1.5) < 0.001
Ongoing pregnancy (%) 29 (35.3) 30 (40.5) 59 (37.8) 100 (42.3) 167 (55.1)a) 267 (49.5)a) 0.012

Values are presented as mean ± standard deviation or number (%).
IVF, in vitro fertilization; ET, embryo transfer; Dry culture, without outer well medium; Humid culture, with outer well medium; ICSI, intracytoplasmic sperm in-
jection; cIVF, conventional IVF; PN, pronuclei.
a)p < 0.05.
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ture groups. 

Discussion 

When the osmolality of the medium increases above a certain 
threshold, embryo development is compromised [1,5] and apoptosis 
is increased [19]. Hyperosmolality ( > 300 mOsm) was shown to have 
a detrimental effect on preimplantation mouse embryo develop-
ment in previous studies [4-6]. However, paradoxically, the osmolali-
ty of oviductal fluid is about 340 mOsm [2,20], which is high enough 
to impair mouse embryo development in vitro. However, unlike in vi-
tro, mouse zygotes have no difficulty developing in vivo, which sug-
gests that an unknown mechanism may exist that helps them over-
come the detrimental effect of hyperosmolality in vivo [1]. 

One possible mechanism is the use of various amino acids as or-
ganic osmolytes by embryos. The addition of various organic os-
molytes, including taurine [21-24], hypotaurine [25], and glutamine 
[26], were beneficial for embryo culture. Glycine has also been shown 
to protect mouse [3] and rabbit embryos [27] against the effects of 
high NaCl levels. Indeed, over 70% of zygotes developed to the blas-
tocyst stage when 1 mM glutamine was present at 310 mOsm, but 
only about 10% did so in the absence of glutamine [1]. At 310 mOsm 
of KSOM medium in the absence of glycine, over 80% of outbred 
mouse zygotes were arrested at the two-cell stage. However, in the 
presence of glycine, 60% of the zygotes developed to the blastocyst 
stage [12]. Furthermore, more blastocysts formed when bovine zy-
gotes were cultured in a 247 mOsm medium (34.6%) than in a 286 
mOsm medium (17.0%) in the presence of 1 mM glycine [28]. The 
beneficial effect of organic osmolytes can be explained by previous 

findings that amino acids, including osmolytes, are present in ovi-
ductal and uterine fluid [29-31] and carry out various physiological 
functions in the preimplantation embryo, including ATP production 
[32], ammonium detoxification [33,34] and maintaining the redox 
balance [35]. 

Baltz and Tartia [36] suggested a possible answer for the question 
“Why did lower osmolarity support embryo development in culture?” 
They proposed that the osmolality in the in vivo environment of early 
preimplantation embryos may be lower than in blood plasma (280 
mOsm). This possibility conflicts with previous reports that the osmo-
lality of oviductal fluid is about 340 mOsm [2,20]. Although the ovi-
duct is the major in vivo environment for early-stage embryos, the fol-
licle can be seen as the birthplace of the oocyte and embryo. In mice, a 
large amount of follicular fluid moves into the ampulla of the oviduct 
with all ovulated oocytes via the ovarian bursa. In human, immediate-
ly after ovulation, a small amount of follicular fluid flows weakly from 
the ovarian wall to the ampulla of the oviduct to help the sliding 
movement of the oocyte. This means that follicular fluid may play an 
important role in determining the oviductal environment for ear-
ly-stage embryos. In our preliminary test (data not published), we 
compared the osmolality of human follicular fluid and blood serum. 
Interestingly, the osmolality of follicular fluid (275.3 mOsm) was lower 
than that of serum (282.0 mOsm). There are still no reports about the 
osmolality of human oviductal fluid, so further research on the osmo-
lality of the in vivo environment of human preimplantation embryos is 
required. Nevertheless, interestingly, current commercial culture me-
dia already have lower osmolality (260-270 mOsm) than the older 
generation of media (280-295 mOsm) [36]. 

In the present study, after 3 days of incubation, even under an oil 

Table 4. Clinical outcomes of day 5 IVF-ET cycles in cell culture dish (dry culture) and GPS dish (humid culture) groups using G1/G2 medium 
(Vitrolife) 

G1/G2 media/day 5 ET (dry-type incubator)
Cell culture dish (dry culture) GPS dish (humid culture)

p-value
ICSI cIVF Total ICSI cIVF Total

No. of IVF cycles 5 7 12 28 61 89
Mean age (yr) 36.6 35.7 36.1 ± 3.9 36.8 36 36.3 ± 3.4 0.846
Mean endometrium thickness (mm) 9.84 11.5 10.8 ± 1.7 10.8 10.5 10.6 ± 2.1 0.701
Mean no. of oocytes aspirated 12.8a) 12 12.3 ± 4.7 9 10.2 9.9 ± 3.4 0.026
2PN oocyte (%) 51 (79.6) 64 (76.1) 115 (77.7) 190 (75.3) 480 (76.5) 670 (76.2) 0.773
Mean no. of embryos transferred 1.0 1.0 1.0 ± 0.0 1.0 1.0 1.0 ± 0.2 0.459
Mean score of embryos transferred 16.4 16.6 16.5 ± 1.8 14.5 15.6 15.3 ± 3.0 0.168
Clinical pregnancy cycle (%) 3 (60.0) 3 (42.8) 6 (50.0) 14 (50.0) 39 (63.9) 53 (59.5) 0.750
Abortion cycle (%) 1 (20.0) 2 (28.5) 3 (25.0)a) 0 2 (3.3) 2 (2.2) 0.006
Ongoing pregnancy (%) 2 (40.0) 1 (14.2) 3 (25.0) 14 (50.0) 37 (60.6) 51 (57.3) 0.072

Values are presented as mean ± standard deviation or number (%).
IVF, in vitro fertilization; ET, embryo transfer; Dry culture, without outer well medium; Humid culture, with outer well medium; ICSI, intracytoplasmic sperm in-
jection; cIVF, conventional IVF; PN, pronuclei.
a)p < 0.05.
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layer, the osmolality of media in the dry culture condition (301.1 
mOsm) was higher than that of media in the humid culture condi-
tion (285.3–290.4 mOsm) in the dry-type incubator. Gasperin et al. 
[37] also reported that in the absence of an oil layer, the addition of 
water in the four-well dish central hole reduced the osmolality of 
medium (294 mOsm) after 24 hours of incubation compared to the 
osmolality of control dishes without water (305 mOsm) in a hu-
mid-type incubator. These results indicate that osmolality can in-
crease in both dry- and humid-type incubators. Therefore, both an 
oil layer and extra medium or water supplementation are essential 
for maintaining the osmolality of the medium by inhibiting evapora-
tion in in vitro culture conditions. 

In the present study, in day 5 ET cycles, the rates of clinical and on-
going pregnancy in the humid culture group were higher than the 
rates in the dry culture group. Similarly, no meaningful difference 
was found in the clinical and ongoing pregnancy rates of the humid 
culture groups in day 5 ET cycles (57% and 52%) between the previ-
ous [18] and the present study (59.5% and 57.3%), even though 
there was a large difference in the mean age of female patients be-
tween the two studies (28 vs. 36 years, respectively). The first possi-
ble reason is medium renewal. We performed medium renewal by 
exchanging G1 to G2 medium on day 3, but Fawzy et al. [18] did not 
perform medium renewal for 5 days. Culture for 5 days without me-
dium renewal could degrade the organic osmolytes, and this degra-
dation may augment the negative influence of this osmolality shift 
on embryo development. In addition, medium renewal may not only 
reduce the accumulation of metabolites such as ammonium, but 
could also supply fresh nutrients for embryo development. The sec-
ond possible reason relates to the humid culture condition. In the 
present study, for the preparation of the humid culture condition, we 
added 6 mL of medium into the outer well of GPS culture dishes 
(LifeGlobal), while Fawzy et al. [18] used petri dishes containing 10 
mL of water. In the preliminary experiment, we also used petri dishes 
containing water, but this was not efficient to inhibit the increase of 
osmolality in the medium compared to direct medium supplemen-
tation in the outer well of the culture dish. 

Fawzy et al. [18] reported that the blastulation rate of human em-
bryos was significantly higher in the humid culture group (73%) than 
in the dry culture group (51%, p < 0.05). Gasperin et al. [37] reported 
a similar trend, according to which the blastocyst rate of bovine em-
bryos was higher in the humid culture group (29.7%, p < 0.05) than 
in the dry culture group (16.2%). Unlike the above results, in the 
present study, there was no significant difference in the blastulation 
rate between the dry (56.5%) and humid culture (55.5%) groups. Of 
particular note, the blastulation rate of the humid culture group 
(55.5%) was markedly lower than the rate (73%) reported in the oth-
er study [18]. This difference may have resulted from the large gap in 

the mean age of female patients between the other study (28 years) 
and the present study (36 years). The age of female patients is widely 
considered as a critical factor for determining the quality of oocytes, 
the grade of embryos, and the success of pregnancy in IVF-ET cycles. 
Therefore, the relatively low blastulation rate in the humid culture 
group in the present study may be explained by the relatively old 
age of patients compared to the previous study [18]. 

There was no significant difference in the development of ear-
ly-stage mouse embryos cultured between the high-osmolality 
(310–330 mOsm) and low-osmolality (270–290 mOsm) media. How-
ever, in the development of late-stage embryos, the embryos cul-
tured in the low-osmolality medium showed a significantly higher 
blastocyst formation rate than those cultured in the high-osmolality 
medium [6]. A similar result was observed in porcine embryos cul-
tured in vitro [8]. These results suggest that late-stage embryos are 
more susceptible to osmotic changes than early-stage embryos. In 
the present study, a similar pattern in response to osmotic changes 
in human embryos was observed, although we did not observe a 
significant difference in the blastocyst formation rate between the 
high-osmolality (56.5%, dry culture) and low-osmolality (55.5%, hu-
mid culture) culture groups. However, in day 3 ET cycles, involving 
relatively early-stage embryos compared to day 5 ET cycles, the 
transferred embryos showed a small difference in pregnancy out-
comes between the high-and low-osmolality culture groups. The dif-
ferences in the rates of pregnancy, abortion, and ongoing pregnancy 
were 4.8%, 6.8%, and 11.7%, respectively. In contrast, in day 5 ET cy-
cles, the differences in these rates in the late-stage embryos were 
9.5%, 22.8%, and 32.3%, respectively. This result is consistent with 
the previous finding that late-stage embryos are more susceptible to 
osmotic changes [6,8]. 

When a cell shrinks in hyperosmotic conditions, inorganic ions 
(Na+, K+) are accumulated via osmotically regulated ion transporters 
[38]. However, in this case, cells accumulate organic osmolytes intra-
cellularly to replace a portion of the inorganic ions [39-41]. High ionic 
strength disrupts cell functions, while in contrast, a high concentra-
tion of organic osmolytes is not toxic [39,42]. The beneficial action of 
organic osmolytes was proven by a report that in a hyperosmotic 
medium (310 mOsm), the blastocyst formation rate of mouse em-
bryos cultured in the presence of 1 mM glycine was significantly 
more favorable than that of embryos cultured in the absence of gly-
cine [12]. 

We used G1/G2 medium (Vitrolife), which contains 135–145 µM 
glycine [43], a concentration that is much lower than the effective 
concentration of 1 mM in previous studies [12,28]. In the present 
study, the osmolality of G1 medium was 275 mOsm, which increased 
to 293.7 and 285.0 mOsm in the dry and humid culture conditions, 
respectively, after 3 days of incubation. The better clinical outcomes 
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in the humid culture condition than the dry culture condition might 
have resulted from the low osmolality of the medium in the humid 
culture condition. Due to the maintenance of low osmolality in the 
culture medium, glycine probably did not have the chance to act as 
an organic osmolyte. Instead, the higher osmotic change in the dry 
culture condition might have increased the concentration of intracel-
lular ionic osmolytes, which are detrimental for embryo develop-
ment. Moreover, a portion of the ionic osmolytes could not be re-
placed completely with organic osmolytes because of the low con-
centration of glycine [43]. 

In conclusion, the dry culture condition showed a higher osmotic 
change in the medium than the humid culture condition, even 
though the media were covered in oil. Hyperosmotic changes 
showed a detrimental effect on clinical outcomes in human IVF-ET 
cycles. This hyperosmotic stress could be alleviated by supplementa-
tion with outer-well medium to maintain the optimal osmolality of 
medium, which resulted in the improvement of clinical outcomes in 
IVF-ET cycles. We are preparing a follow-up study to investigate rela-
tionships between the osmolality of culture media and specific pat-
terns of gene expression in porcine embryos. 
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Objective: The goal of the present study was to investigate the rate of chromosomal aneuploidies in surplus embryos after sex determina-
tion at the cleavage stage. Then, the same chromosomal aneuploidies were evaluated in blastocysts after extended culture. 
Methods: Sixty-eight surplus embryos were biopsied at the cleavage stage and incubated for an additional 3 days to allow them to reach the 
blastocyst stage. The embryos were reanalyzed via fluorescence in situ hybridization (FISH) to examine eight chromosomes (13, 15, 16, 18, 21, 
22, X, and Y) in both cleavage-stage embryos and blastocysts. 
Results: Although the total abnormality rate was lower in blastocysts (32.35%) than in cleavage-stage embryos (45.58%), the difference was 
not significant (p=0.113). However, when we restricted the analysis to autosomal abnormalities, we observed a significant difference in the 
abnormality rate between the cleavage-stage embryos (44.11%) and the blastocysts (17.64%, p=0.008). A higher rate of sex chromosomal 
abnormalities was also observed in cleavage-stage embryos (29.4%) than in blastocysts (14.70%, p=0.038). 
Conclusion: The data indicated that embryo biopsy should be conducted at the blastocyst stage rather than the cleavage stage. The results 
also emphasized that examination of common chromosomal aneuploidies apart from sex selection cycles can be conducted in the blastocyst 
stage with the FISH method. 

Keywords: Blastocyst; Embryo; Fluorescence in situ hybridization; Trophectoderm biopsy

of differentiating euploid embryos from aneuploid embryos to facili-
tate a viable pregnancy and a live birth [1,2]. Therefore, an alternative 
approach is required for precise embryo selection; this approach 
should include genetic and cytogenetic assessments following mor-
phological investigation for the detection of aneuploidy [1]. Chromo-
somal abnormalities can be independent of the morphological fea-
tures of the embryo. These abnormalities are widespread during 
meiosis and mitosis early in embryonic development, and they result 
in aneuploidies, such as mosaicism, in embryos [3]. Chromosomal in-
stability causes a marked decline in the success rate of conception 
[4]. Genotype determination using cytogenetic techniques accom-
panied by assessment of the morphology of the embryo has been 

Introduction 

The assessment of morphology alone is not an adequate method 



demonstrated to significantly improve both implantation and live 
birth rates [5]. The prevalence of aneuploidy has been reported to be 
greater than 50% of preimplantation embryos in in vitro fertilization 
programs [3,6-9]. Aneuploidy is a pivotal genetic condition that can 
lead to implantation failure, miscarriage, and congenital abnormali-
ties and impacts the success rates of assisted reproductive technolo-
gy programs [10]. It has been reported that, in cases of advanced 
maternal age, almost 40% of aneuploid embryos with chromosomal 
abnormalities can reach the blastocyst stage with similar morpho-
logical appearance to euploid embryos [1,7]. 

Several studies have shown that multiple chromosomes (13, 15, 
16, 18, 21, 22, X, and Y) are involved in the high rates of aneuploidies 
in cleavage-stage embryos. These aneuploidies include trisomies 
that cause spontaneous abortion, along with those in pregnancies 
carried to term in the form of trisomic syndrome [11,12]. In addition, 
mosaicism increases the risk for intrauterine fetal demise or unipa-
rental disomy [13,14]. Some studies have declared that mosaic em-
bryos self-correct via a different aneuploidy rescue mechanism from 
non-mosaic aneuploid embryos. Following such a mechanism, the 
aneuploid cells are excluded and do not participate in the embryo’s 
cytogenetic status [1,2,4]. Recently, Fesahat et al. [15] reported a sig-
nificant difference in the aneuploidy rates between sex chromo-
somes and autosomal chromosomes in human cleavage-stage em-
bryos. However, according to a previous study, biopsies are only per-
formed at the blastocyst stage in about 7% of cycles, up from less 
than 1% previously [16]. Almost 67% of biopsies were performed at 
the cleavage stage using fluorescence in situ hybridization (FISH). 

The objective of the present study was to determine the common 
abnormalities (aneuploidies) in embryos resulting from intracyto-
plasmic sperm injection (ICSI) in two steps. The first step was the 
evaluation of autosomal abnormalities in biopsies taken for sex se-
lection in the second round of FISH. The second step was the evalua-
tion of autosomal abnormalities in blastocysts generated from sur-
plus embryos from a sex selection program. 

Methods 

The study was approved by the independent Ethics Committee at 
the Yazd Reproductive Sciences Institute (IR.SSU.REC.1396.20). Writ-
ten informed consent was obtained from all participants in the study. 
All experiments were performed in accordance with relevant guide-
lines and regulations. 

1. Participants and sample collection 
Sixty-eight surplus embryos from 37 young couples (aged 25–35 

years) with proven fertility were subjected to sex chromosome anal-
ysis. The surplus embryos were analyzed in two sequential rounds. 
The first round included rewashed sex selection slides from surplus 
embryos, which developed to reach the blastocyst stage. Next, the 
surplus embryos were assessed in the blastocyst stage (Figure 1). 

This work was done at Avicenna Infertility Center in Tehran be-
tween August and November 2018. The inclusion criteria were sur-
plus embryos from sex selection that had reached the blastocyst 
stage, normal ejaculation according to 2010 World Health Organiza-
tion criteria, and women < 40 years old without a history of recur-
rent pregnancy loss or genetic disorders. All participants had at least 
one child.  

2. Semen preparation for ICSI 
Semen was prepared using the swim-up method in accordance 

with World Health Organization criteria. The ICSI procedure was car-
ried out as previously described [17,18]. 

3. Fertilization and embryo selection
After ICSI, the injected oocytes were cultured in 20-μL drops of 

cleavage medium (ORIGIO Sequential Cleav medium; Origio, Måløv, 
Denmark) covered with paraffin oil. Fertilization was verified 16–18 
hours after ICSI. Then, the fertilized oocytes were cultured in cleav-

Day 3: first evaluation in cleavage embryos for sex 
selection by FISH method

Day 5: 68 blastocyst blastocyst biopsy and assessment 
for autosomal and sex chromosomes (13, 15, 16, 18, 

21, 22, X, Y) by FISH

Day 3: 68 rewashed slides (after sex selection), then 
analysis for autosomal chromosomes (13, 15, 16, 18, 

21, 22) by FISH

78 Surplus embryos
10 Exclusion: arrested surplus 

embryos

Figure 1. Flowchart of the chromosomal assessment of embryos in the cleavage and blastocyst stages via fluorescence in situ hybridization 
(FISH).
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age medium for 48 hours, and embryonic development was as-
sessed according to the categorization system proposed by Gardner 
[19,20]. On day 3, the cleavage-stage embryo biopsy was performed 
for the genetic analysis via FISH. Genetic testing was carried out via 
laser biopsy on 2 blastomeres from each top-quality embryo that 
had at least 7 blastomeres available for sex selection analysis [19]. Af-
ter the blastomeres were lysed and fixed on 2 different glass slides. 
The nuclei were analyzed using the FISH method (Figure 1) [7]. 

4. Rewashing slides from cleavage-stage embryos
Reanalysis slides from surplus embryos were subjected to sex se-

lection for autosomal chromosomes (13, 15, 16, 21, and 22) via the 
FISH method. The procedure included washing in phosphate-buff-
ered saline, fading of the previous probe, and a subsequent dehydra-
tion series in ethanol. Finally, the slides were hybridized with a sec-
ond set of probes. Two slides were applied for the chromosomal X 
series (13, 18, 21, and X) (Cytocell; Oxford Gene Technology, Oxford-
shire, UK) and Y series (15, 16, 22, and Y) centromeric probes (Meta-
Systems GmbH, Altlussheim, Germany). Then, the slides were as-
sessed using a fluorescent microscope (Olympus BX51 and Genetics 
GSL-10 with BX61; Olympus, Tokyo, Japan). The installation filter sets 
on the microscope were triple-band filters (aqua, orange, and green) 
and single-band pass filters (red, green, and aqua). Images were cap-
tured at × 60 or × 100 magnification using imaging software (Spec-
tral Instruments Imaging, Tucson, AZ, USA). 

5. Blastocyst grading and biopsy
The blastocysts were graded according to the categorization sys-

tem proposed by Gardner [19,20]. On day 3, the blastocyst biopsy of 
the surplus embryos was conducted for sex selection with assess-
ment of the autosomal and sex chromosomes (13, 15, 16, 18, 21, 22, 
X, and Y) via the FISH method. Blastocyst biopsy of trophectoderm 
(TE) cells was performed on day 5 after fertilization from hatching 
blastocysts [21]. For the biopsy, each embryo was placed in 5 µL of 
blast medium (ORIGIO Sequential Blast) under mineral oil in a sepa-
rate dish. The blast medium was warmed in an incubator with car-
bon dioxide. The hatching blastocyst was left in the blast medium in-
stead of Ca2+-free medium for the biopsy. This prevented the loos-
ening of the adhesion junction between cells and avoided mixing of 
TE and inner cell mass (ICM) cells. TE cells were gently captured by a 
hooked (30°) micropipette. Then, 5–20 TE cells were cutoff with a 
noncontact 2.3-μm laser (ZILOS-tk; Hamilton Thorne, Beverly, MA, 
USA) in the process of laser-assisted hatching. The blastocyst was 
then released from the holding micropipette. Finally, the hook mi-
cropipette was very gently rubbed against the holding micropipette 
to facilitate the release of biopsied cells from the hook micropipette. 

6. Slide preparations for FISH
The separated TE cells were placed in droplets of hypotonic medi-

um that had already been warmed in the incubator with carbon di-
oxide for 10–30 minutes. The duration of incubation depended on 
the number of TE cells being biopsied. Then, swelling cell samples 
were transferred into a scored circle on a coated slide and fixed with 
cold Carnoy solution (methanol:acetic acid, 3:1). Finally, the slides 
were left to air-dry at room temperature. 

The slides prepared from each embryo for the FISH testing for the 
chromosome X series (13, 18, 21, and X; Oxford Gene Technology) 
and Y series (15, 16, 22, and Y) centromeric probes (MetaSystems, Al-
tlussheim, Germany) were checked with fluorescent microscopy. The 
FISH procedure was accomplished according to modified instruc-
tions (Oxford Gene Technology). 

7. Statistical analysis 
SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA) was used for data analy-

sis.T he data were categorical and were expressed as percentages. 
The chi-square and Fisher exact tests were used for data analysis as 
appropriate. The p-values ≤ 0.05 were considered to indicate statisti-
cal significance. 

Results 

1. FISH results in two stages 
A significant rescue in autosomal aneuploidy was observed in 

blastocysts relative to cleavage-stage embryos (17.64% vs. 44.11%, 
respectively; p = 0.008). Significant self-correction of sex abnormali-
ties was also observed in blastocysts relative to cleavage-stage em-
bryos (14.70% vs. 29.4%, respectively; p = 0.038). In addition, signifi-
cant differences were seen in the aneuploidy rates in cleavage-stage 
embryos compared to blastocysts in chromosomes 13 (20.4% vs. 0%, 
respectively; p < 0. 001), 21 (20.5% vs. 0%, respectively; p < 0.001), 16 
(26.4% vs. 11.76%, respectively; p = 0.029), and Y (30.8% vs. 8.82%, 
respectively; p = 0.001). The rate of chaotic aneuploidy in blastocysts 
was 13.23%, the frequency of polyploidy was 7.35%, and the rate of 
mosaicism in TE cells was 14.70% (Figure 2). Overall, no significant 
differences were found between the total abnormality of embryos in 
the cleavage and blastocyst stages (45.58% vs. 32.35%, respectively; 
p = 0.113). The numbers of abnormalities in each group are also pre-
sented separately in Table 1. 

Discussion 

The aim of the current study was to estimate the rates of autoso-
mal aneuploidies in surplus cleavage-stage embryos generated from 
young, fertile women admitted to a sex selection program. More-
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over, the rates of autosomal aneuploidies were estimated in surplus 
embryos that were further cultured to the blastocyst stage. The 
study design was unique, as embryo biopsy was performed twice—
at the cleavage and the blastocyst stage—in the same embryo. In 
the present study, the total abnormality rate of the blastocysts was 
not significantly lower than at the cleavage stage. However, when 
we restricted our analysis to autosomal abnormalities, the abnormal-
ity rate of the blastocysts became significantly lower than at the 
cleavage stage. The rate of sex chromosome abnormality in the blas-
tocysts was also significantly lower than at the cleavage stage. A re-
duction in aneuploidy from the cleavage to the blastocyst stage has 
been reported by others [22]. According to the available data, this re-
duction is due to the selection of normal cells in embryonic develop-
ment [23]. However, the insignificant decrease in the abnormality 
rate of embryos that were examined at the blastocyst stage in the 
present study may be related to the small study population and dif-
ferences in the techniques used. 

Numerous studies have shown that different mechanisms are in-

volved in the process of abnormality correction. These include multi-
polar division for trisomic rescue, fragment resorption, endoredupli-
cation in cases of uniparental disomy for monosomic errors, blasto-
mere exclusion via selection against highly aneuploid blastomeres to 
overcome chromosomal instability during the morula-blastocyst 
transition, encapsulation into micronuclei, elimination via cellular 
fragmentation, apoptosis of aneuploid cells, migration of euploid 
cells within the ICM, and migration of the aneuploid population to 
the blastocyst TE cells [1,2,4,24]. In addition, we reported that chaotic 
aneuploidy had a frequency of 13.23% in the blastocysts. One reason 
for chaotic aneuploidy is multipolar division [4]. Additionally, we re-
ported a 14.70% rate of mosaicism in the blastocysts. The women in 
our study were 25–35 years old. However, Daughtry and Chavez [1] 
reported that mosaicism was prevalent in cases with advanced ma-
ternal age. Furthermore, we reported a 14.70% rate of sex chromo-
some abnormality as determined via FISH. In contrast, Liang et al. 
[25] reported a 6.5% rate of sex chromosome abnormality as deter-
mined using oligonucleotide DNA microarray analysis in blastocysts. 

Figure 2. The probes from the X series, which include green (chromosome 13), blue (16), red (21), and orange (X). The probes from the Y 
series include green (chromosome 15), blue (16), red (22), and orange (Y). (A) Trophectoderm (TE) cells from a hatching blastocyst, with 
approximately 40 cells biopsied at ×20 magnification. (B) Mosaicism of TE cells for the Y series at ×60 magnification. Green: chromosome 
15 (2), blue: chromosome 16 (3), red: chromosome 22 (3), orange: Y chromosome (0), green: chromosome 15 (2), blue: chromosome 16 (2), 
red: chromosome 22 (2), orange: Y chromosome (0). (C) Triploid and chaotic TE cells with the probe Y series at ×60 magnification. Green: 
chromosome 15 (3), blue: chromosome 16 (3), red: chromosome 22 (3), orange: Y chromosome (0). (D) Normal cells for the X series from TE 
cells at ×60 magnification. Green: chromosome 13 (2), blue: chromosome 18 (2), red: chromosome 21 (2), orange: X chromosome (2). (E) X 
series for a euploid blastomere at ×100 magnification. One blastomere from an embryo in the cleavage stage. Green: chromosome 13 (2), 
blue: chromosome 18 (2), red: chromosome 21 (2), orange: X chromosome (2). (F) Y series for a euploid blastomere at ×100 magnification. 
Green: chromosome 15 (2), blue: chromosome 16 (2), red: chromosome 22 (2), orange: Y chromosome (2). (G) Tetraploid blastomere from the 
X series at ×100 magnification. Green: chromosome 13 (4), blue: chromosome 18 (4), red: chromosome 21 (4).
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Interestingly, we did not observe any abnormalities of chromosome 
21, while Liang et al. [25] reported a 5% rate of chromosome 21 ab-
normality in blastocysts. Our findings showed that 29.4% of embryos 
at the cleavage stage exhibited aneuploidy of a sex chromosome 
versus 14.70% in the blastocyst stage. Zakharova et al. [14] declared 
that 44% of the embryos at the cleavage stage exhibited aneuploidy 
of a sex chromosome. 

Kort et al. [23] also reported a lower rate of nuclear abnormalities 
in the blastocyst stage (5%) than in cleavage-stage embryos (16%), 
but the population of that study was larger than that of the present 
study. In our study, the total rate of abnormalities in the blastocyst 
stage was 32.35%. the genetic condition of blastocyst is more stable 
than the cleavage stage because genomic errors occur in different 
steps in oocytes, meiosis I and II [7], and fertilization, and about 50% 
of errors happen in post-fertilization mitotic division, causing mosa-
icism [26,27]. Furthermore, Lagalla et al. [2] reported that mitotic 
anomalies could become amended in the blastocyst stage. Bar-
bash-Hazan et al. [22] also reported that some embryos have the 
potential to normalize their chromosomal status to proceed to the 
blastocyst stage [1]. Similar to previous studies, we found that the 
morphological characteristics of embryos did not exactly align with 
the chromosomal content, because 22 of 68 high-quality embryos 
had chromosomal abnormalities [15], whereas all of the aneuploid 
embryos had reached the blastocyst stage similar to the euploid 
embryos. 

In this study, biopsy was performed at both the cleavage and blas-
tocyst stages. Performing biopsy on ICM cells in addition to TE cells 

would facilitate a better understanding of the genetic correlation; 
however, that is considered an unethical procedure in a clinical set-
ting. Munne and colleagues reported that the genetics of TE were 
different from ICM cells [28]. The main limitation of the FISH method 
is its capacity to analyze only a limited number of chromosomes 
[29,30]. Other flaws of FISH include signal overlap, hybridization fail-
ure, the lack of individual hybridization, the interpretation of results 
in the contiguous signals, the capacity to examine only one-third of 
the chromosomes, and the ambiguity of results for the other chro-
mosomes [7]. Nowadays, newer technologies, such as comparative 
genomic hybridization microarray and next-generation sequencing, 
can be used to increase the accuracy of diagnosis of embryonic chro-
mosomal abnormalities. However, these methods are not available 
in the majority of laboratories worldwide and are not cost-effective 
[31]. Therefore, the FISH method can be still considered a useful tool 
for identification of common chromosomal errors in embryos at both 
cleavage and blastocyst stages [31]. 

Another nuance that should be mentioned is that mosaic embryos 
may produce different results dependent on the population biopsied 
[2]. Therefore, we should be careful when making decisions about 
the presence of false or true mosaicism in blastocysts [1]. According 
to our results and previous reports, no doubt should exist that biopsy 
at the blastocyst stage is superior to biopsy at the cleavage stage. Sa-
hin et al. [7] concluded that morula embryos had many abnormali-
ties and that self-correction is disabled at this stage. Blastocyst biop-
sy facilitates the presence of a greater number of cells and a more in-
formed genetic decision, such as in the contexts of mosaicism and 

Table 1. FISH results from two embryonic stages (cleavage and blastocyst)

Chromosome FISH (washing slides) in cleavage-stage embryos (n = 68) FISH in blastocysts (n = 68) p-value
13 14 (20.4) 0 < 0.001a)

18 5 (22) 1 (1.47) 0.208a)

21 14 (20.5) 0 < 0.001a)

X 19 (27.9) 15 (22.05) 0.428b)

15 13 (19.1) 8 (11.76) 0.235b)

16 18 (26.4) 8 (11.76) 0.029b)

22 11 (16.1) 7 (10.29) 0.312b)

Y 21 (30.8) 6 (8.82) 0.001b)

Autosomal abnormality 30 (44.11) 12 (17.64) 0.008b)

Sex abnormality 20 (29.4) 10 (14.70) 0.038b)

Total abnormal 31 (45.58) 22 (32.35) 0.113b)

Total normal 37 (54.41) 46 (67.64) 0.114b)

Chaotic 9 (13.23)
Polyploid 5 (7.35)
Mosaic 10 (14.70)

Values are presented as number (%). 
FISH, fluorescence in situ hybridization. 
Statistically significant as determined with a)Fisher exact test, b)chi-square test.
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chaotic aneuploidy in embryos [13]. Embryos can perform self-res-
cue by one of the mechanisms previously mentioned [1,2,4,24]. In 
the blastocyst, the embryo represents the first visible stage of differ-
entiation, past the primary steps of cell differentiation. Therefore, 
embryos are known to have a notable implantation potential and a 
lower rate of aneuploidy compared to the cleavage stage [14,31]. 
Despite all of the mentioned advantages, less than 1% to 7% of bi-
opsies are done in the blastocyst stage [16].  

In conclusion, we recommend embryo biopsy at the TE stage rath-
er than the cleavage stage in sex selection programs. The results of 
this study also emphasize that the examination of common chromo-
somal aneuploidies apart from sex selection cycles can be conducted 
in the blastocyst stage with the FISH method. 
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Objective: The feasibility of a gonadotropin-releasing hormone agonist (GnRHa) trigger in normal responders is still a matter of debate. The 
aim of this study was to compare the number of mature oocytes, the number of good-quality embryos, and the live birth rate in normal re-
sponders triggered by GnRHa alone, GnRHa and human chorionic gonadotropin (hCG; a dual trigger), and hCG alone. 
Methods: A retrospective cohort study was conducted at the infertility clinic of a university hospital. Data from 200 normal responders who 
underwent controlled ovarian hyperstimulation and intracytoplasmic sperm injection with a GnRH antagonist protocol between January 
2016 and January 2017 were reviewed. The first study group consisted of patients with cycles triggered by GnRHa alone. The second study 
group consisted of patients with cycles triggered by both GnRHa and low-dose hCG (a dual trigger). The control group consisted of patients 
with cycles triggered by hCG alone. 
Results: The groups were comparable in terms of demographics and cycle characteristics. The numbers of total oocytes retrieved and meta-
phase II oocytes were similar between the groups. The total numbers of top-quality embryos were 3.2±2.9 in the GnRHa group, 4.4±3.2 in 
the dual-trigger group, and 2.9±2.1 in the hCG group (p=0.014). The live birth rates were 21.4%, 30.5%, and 28.2% in those groups, respec-
tively (p=0.126). 
Conclusion: In normal responders, a dual-trigger approach appears superior to an hCG trigger alone with regard to the number of top-quali-
ty embryos produced. However, no clinical benefit was apparent in terms of live birth rates. 

Keywords: Assisted reproductive technology; Dual trigger; Final oocyte maturation; GnRH agonist; Normal response 

Introduction 

Mature oocytes are necessary for oocyte retrieval and fertilization, 
and final oocyte maturation is the key step in assisted reproductive 
technology (ART) cycles. Human chorionic gonadotropin (hCG) has 
been used for final oocyte maturation for many years and has been 
demonstrated to promote an increased pregnancy rate. However, 
the administration of hCG for final oocyte maturation results in sup-
raphysiologic steroid levels in the luteal phase due to its long half-life 
and is consequently associated with an increased risk of ovarian hy-
perstimulation syndrome (OHSS) [1]. In addition, it has been sug-



gested that an hCG trigger may have negative impacts on endome-
trial receptivity and embryo quality [2]. 

At the end of the last century, gonadotropin-releasing hormone 
agonists (GnRHas) were introduced to promote final oocyte matura-
tion in GnRH antagonist cycles [3,4]. GnRHa has been documented 
to induce endogenous luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH) surges similar to the natural mid-cycle LH 
surge with a shorter duration and smaller amplitude than are associ-
ated with the administration of exogenous hCG, which may help to 
reduce the risk of OHSS [3,5]. The use of a GnRHa trigger may have 
possible benefits, including the induction of both an FSH and an LH 
surge and the possibility of retrieving more metaphase II (MII) oo-
cytes than is expected with an hCG trigger [2,3,5]. Previously, the 
major drawback of a GnRHa trigger was LH depletion and the with-
drawal of LH support of the corpus luteum, reflected by a reduced 
live birth rate and an increased miscarriage rate [2,5]. However, this 
problem has been overcome with intensive luteal phase support 
(LPS) and luteal-phase hCG administration [6]. 

As a result of developments in LPS, the concept of a GnRHa trigger 
has been fully established during the last decade in hyper-responder 
patients [6,7]. However, insufficient evidence is available regarding 
the impact of a GnRHa or a dual trigger on normal responders. A re-
cent observational study reported cycle outcomes following a Gn-
RHa trigger with exclusive hCG support in a progesterone-free luteal 
phase, and the results were comparable to those of cycles triggered 
by hCG [8]. This study was rare in that it supported a GnRHa trigger 
as a valid alternative in normal responders. However, a GnRH trigger 
is not yet a standard of care, and its feasibility in normal responders 
needs to be clarified. 

The aim of the present study was to investigate whether differenc-
es were present in the number of oocytes collected, the number of 
top-quality embryos, and the live birth rate in normal responders 
triggered by GnRHa alone, GnRHa and hCG (a dual trigger), and hCG 
alone. 

Methods 

In the present retrospective cohort study, data from normal re-
sponders who underwent intracytoplasmic sperm injection follow-
ing a cycle downregulated by a GnRH antagonist at a universi-
ty-based infertility clinic between January 2016 and January 2017 
were reviewed. The study was approved by the Ethical Committee of 
Ankara University School of Medicine (No. 08-341-16). In total, 214 
patients who underwent intracytoplasmic sperm injection cycles 
with an antagonist protocol involving a starting dose of 225 IU per 
day during the study period were selected from the hospital data-
base. The inclusion criteria were the female patient being 18–40 

years of age, a baseline FSH level of 3–15 IU/L, a baseline LH level 
above 3 IU/L, a normal response to ovarian stimulation, and (as men-
tioned above) a starting dose of gonadotropin stimulation of 225 
IU/day. Cases of female factor infertility (tubal factor, pelvic adhe-
sions, or mild endometriosis), mild male factor infertility, and unex-
plained infertility were included in the analyses. A normal response 
was defined as the aspiration of 6–14 oocytes and a maximum oes-
tradiol level lower than 2,500 pg/mL. The exclusion criteria were sec-
ondary infertility, a body mass index over 30 kg/m2, poor or hyper-re-
sponse to ovarian stimulation, severe male oligozoospermia or azo-
ospermia, the presence of any untreated thyroid dysfunction or hy-
perprolactinaemia, the presence of uterine abnormality, and the 
avoidance of fresh embryo transfer (freeze-all). After application of 
the inclusion and exclusion criteria, 200 patients were found to be el-
igible for analysis. Eleven patients who underwent a freeze-all cycle 
and three patients with abnormal thyroid function tests were exclud-
ed. For all women, only the first fresh cycles were included in the 
analyses.  

For eligible participants, all data on ovarian stimulation and clinical 
outcomes were extracted from the database, and patients were di-
vided into three groups according to the trigger method. The first 
study group consisted of patients with cycles triggered by GnRHa 
alone. An injection of 0.2 mg triptorelin acetate (Gonapeptyl 0.1 mg; 
Ferring, Istanbul, Turkey) or 1 mg (20 units in a tuberculin syringe of 5 
mg/mL injectable solution) leuprolide acetate (Lucrin 5 mg; Abbott, 
Istanbul, Turkey) was administered for final oocyte maturation in the 
GnRHa group. The second study group consisted of patients with cy-
cles triggered by both GnRHa and hCG (the dual-trigger group). 
Those patients received an additional 1,500-IU hCG injection for final 
oocyte maturation (Pregnyl 5,000 IU; MSD, Oss, the Netherlands). The 
control group consisted of patients with cycles triggered by 10,000 
IU hCG alone (the hCG group). The method of final oocyte matura-
tion was based on the primary physician’s preference. Additionally, 
as we previously reported that triptorelin acetate and leuprolide ace-
tate have similar effects on final oocyte maturation, we included 
both drugs in the study [7]. 

Ovarian stimulation was carried out with recombinant FSH (Go-
nal-F; Merck-Serono, Istanbul, Turkey) beginning on the second day 
of the menstrual cycle with a fixed starting dose of 225 IU/day when 
the antral follicle count was < 12 per ovary. The dose was adjusted 
individually according to the ovarian response. A GnRH antagonist 
(Cetrotide, Merck-Serono) was introduced at a dose of 0.25 mg/day 
on the 6th day (a fixed antagonist protocol) and continued to be ad-
ministered throughout ovarian stimulation. When at least two folli-
cles reached 18 mm or three follicles reached 17 mm in diameter, an 
agent was administered to trigger final oocyte maturation. Trans-
vaginal ultrasonography-guided oocyte retrieval was performed 
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35–36 hours after final oocyte maturation. Embryo transfer was per-
formed on the third day of oocyte retrieval. A maximum of two em-
bryos were transferred under ultrasound guidance in accordance 
with national embryo transfer regulations. 

All women received 90 mg/day of vaginal micronized progester-
one (Crinone 8% gel, Merck-Serono) for LPS from the day of oocyte 
collection until the pregnancy test performed 12 days after ET, and 
women with a positive pregnancy test continued this LPS regimen 
until 10 weeks of gestation. In addition, 1500 IU of hCG was adminis-
tered on the day of oocyte retrieval for LPS in the GnRHa group. 

Morphologically, top-quality embryos were those with the follow-
ing characteristics: four or five blastomeres on day 2 and at least sev-
en blastomeres on day 3, an absence of multinucleated blastomeres, 
and < 20% fragmentation on days 2 and 3 after fertilization [9]. A 
positive pregnancy test was defined based on serum β-hCG levels 
measured 2 weeks after embryo transfer. Clinical pregnancy was de-
fined as a pregnancy diagnosed via ultrasonographic visualization of 
one or more gestational sacs or definitive clinical signs of pregnancy. 
The primary outcome measures were the live birth rate, the number 
of good-quality embryos, and the number of mature oocytes. 

1. Statistical analysis 
Data analyses were performed using IBM SPSS ver. 21.0 (IBM Corp., 

Armonk, NY, USA). Samples were tested with the Shapiro-Wilk test to 
determine the normality of the distribution. Based on the results, 
parametric tests were preferred. The continuous variables were com-
pared using one-way analysis of variance. The categorical variables 
were compared using the chi-square test or Fisher exact test, as ap-
propriate. A p-value of < 0.05 was considered to indicate statistical 
significance. When a statistically significant difference was present, a 
post-hoc analysis was performed between each pair of groups to 
identify the source of the statistical significance. 

Results 

The groups were comparable in baseline and demographic pa-
rameters, including age, body mass index, duration of infertility, 
cause of infertility, and baseline hormonal status (Table 1). All pa-
tients were normal responders from whom between 6 and 14 oo-
cytes were collected.  

The total dose of gonadotropins used, the duration of ovarian 
stimulation, number of oocytes collected, number of MII oocytes, 
and fertilization rate were comparable among the groups (Table 2). 
The number of transferred embryos was 1.1 ± 0.7 in the GnRHa 
group, 1.2 ± 0.6 in the dual-trigger group, and 1.2 ± 0.5 in the hCG 
group. The total number of top-quality embryos was 3.2 ± 2.9 in the 
GnRHa group, 4.4 ± 3.2 in the dual-trigger group, and 2.9 ± 2.1 in the 
hCG group (p = 0.014). The statistical significance stemmed from the 
difference between the dual-trigger and hCG groups (p = 0.011). 

The clinical pregnancy and miscarriage rates were similar among 
the groups. The live birth rates per started cycle in the GnRHa, du-
al-trigger, and hCG trigger groups were 21.4%, 30.5%, and 28.2%, re-
spectively (p = 0.126) (Table 2). No cases of OHSS were found in any 
of the groups. 

Discussion 

The present retrospective cohort study was conducted to assess 
the impact of the trigger of final oocyte maturation in antagonist 
co-treated ART cycles in normal responders. Three trigger methods 
were compared: a GnRHa trigger, an hCG trigger, and a dual trigger 
involving GnRHa and hCG. According to the results, the dual-trigger 
method resulted in a significantly higher number of top-quality em-
bryos than the hCG trigger. However, the live birth rates were com-
parable among the groups. Although the live birth rate was lower in 

Table 1. Demographic and baseline characteristics of the study groups

Variable GnRHa (n = 56) Dual trigger (n = 59) hCG (n = 85) p-value
Age (yr) 30.6 ± 4.7 31.4 ± 4.2 32.1 ± 4.5 0.188
Body mass index (kg/m2) 23.5 ± 4.2 24.8 ± 3.5 24.9 ± 3.7 0.166
Basal E2 (pg/mL) 42.2 ± 2.14 53.4 ± 3.8 48.7 ± 2.02 0.092
Baseline FSH (IU/mL) 8.2 ± 4.4 75 ± 4.5 82 ± 3.7 0.571
Baseline LH (IU/mL) 4.7 ± 2.7 4.4 ± 2.3 4.4 ± 2.1 0.761
Duration of infertility (yr) 6.4 ± 3.5 6.1 ± 2.8 5.8 ± 2.4 0.508
Cause of infertility 0.062
 Female factor 9 (16.1) 15 (25.4) 20 (23.5)
 Male factor 31 (55.4) 17 (28.8) 38 (44.7)
 Unexplained 16 (16.1) 27 (16.1) 27 (16.1)

Values are presented as mean±standard deviation or number (%). 
GnRHa, gonadotropin-releasing hormone agonist; hCG, human chorionic gonadotropin; E2, estradiol; FSH, follicle-stimulating hormone; LH, luteinizing 
hormone.
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the GnRHa-trigger group than in the other groups, this difference 
was not statistically significant. 

hCG has been used in routine ART cycles for final oocyte matura-
tion. Usually, a bolus of 5,000–10,000 IU of hCG is administered to 
promote final oocyte maturation and ovulation. hCG primarily binds 
LH receptors to facilitate oocyte maturation. The sustained luteo-
trophic effect of hCG (owing to its long half-life) supports the luteal 
phase but also increases the risk of OHSS [1]. Although both LH and 
FSH surge during natural cycles to trigger ovulation, hCG lacks FSH 
receptor activity. Since FSH induces LH receptor formation on granu-
losa cells to promote oocyte maturation and cumulus expansion, an 
hCG trigger does not fully resemble natural oocyte maturation and 
ovulation [10]. Unlike hCG, a GnRHa trigger results in both LH and 
FSH surges [11]. Hence, the result is more similar to natural ovulation. 
In addition, a GnRHa trigger can also activate the GnRH receptors on 
granulosa cells, which may regulate ovulation [12]. Previously, the 
most important drawback of a GnRHa trigger was the associated low 
clinical pregnancy and high miscarriage rates [13,14]. Then, the Co-
penhagen Workshop group suggested that the luteolytic properties 
of GnRHa were effective in preventing OHSS, but also result in lower 
success rates [15]. The LH surge following a GnRHa trigger peaks 
more rapidly and has a shorter duration than the LH surge in a natu-
ral cycle [16]. This short surge results in oocyte maturation and ovu-
lation but is not sufficient to support the corpus luteum [17]. This 
suggestion has led to the utilization of new LPS strategies, such as 
intensive luteal support, adjuvant low-dose hCG at the same time as 
GnRHa administration (dual trigger) or on the day of oocyte retrieval, 
and adjuvant very-low-dose hCG in the luteal phase [18-21]. Because 
of these strategies, the pregnancy rates have become comparable to 

those obtained using an hCG trigger, and OHSS rates have decreased 
significantly [18,22]. 

A GnRHa trigger has become one of the preferred strategies to 
avoid OHSS in hyper-responder patients worldwide. However, it also 
confers additional benefits to ART cycles. Griffin et al. [10] reported 
the results of patients with a history of a > 25% proportion of imma-
ture oocytes retrieved in a prior IVF cycle who were treated with a 
GnRHa trigger in the subsequent cycle. The authors reported a sig-
nificantly increased rate of oocyte maturation following a GnRHa 
trigger (75%) compared to an hCG trigger (38.5%) [10]. In another 
study, Kim et al. [23] randomly assigned normal responders to du-
al-trigger and hCG-trigger groups. They found significant improve-
ments in the implantation rate (24.7% vs. 14.9%), clinical pregnancy 
rate (53.3% vs. 33.3%), and live birth rate (50% vs. 30%) when a du-
al-trigger approach was used [23]. The suggested benefits of a dual 
trigger are improvements in endometrial receptivity and pregnancy 
rate.  

In the present study, we demonstrated a significantly greater 
number of top-quality embryos in normal responders treated with a 
dual-trigger approach compared to an hCG trigger alone, but not to 
a GnRHa trigger alone. However, we failed to show a significant dif-
ference among the groups regarding live birth rates. While the differ-
ence was not statistically significant, the live birth rate in the GnRHa 
trigger group was remarkably lower than in the dual- and hCG-trig-
ger groups (21.4% vs. 30.5% vs. 28.2%, respectively). The mean num-
bers of oocytes retrieved and MII oocytes were comparable among 
the groups in our study. However, the total number of MII oocytes 
tended to be greater in the dual-trigger group than in the other 
groups. Hence, the results of this study should be interpreted with 

Table 2. Comparison of cycle characteristics and outcome parameters between the study groups

Variable GnRHa (n = 56) Dual trigger (n = 59) hCG (n = 85) p-value
Duration of stimulation (day) 9.4 ± 1.3 9.5 ± 2.4 9.3 ± 1.7 0.913
Total dose of gonadotropins (IU) 2,442 ± 975 2,390 ± 1,049 2,725 ± 932 0.086
Oestradiol levels on the day of trigger (pg/mL) 1,640 ± 1,205 1,916 ± 1,128 1,406 ± 928 0.026a)

Number of retrieved oocytes 7.4 ± 4.9 9.2 ± 5.3 7.6 ± 4.5 0.087
Number of MII oocytes 6.2 ± 4.2 7.2 ± 4.7 5.6 ± 3.7 0.095
Fertilization rate (%) 69 ± 42 70 ± 33 62 ± 29 0.500
Number of top-quality embryos 3.2 ± 2.9 4.4 ± 3.2 2.9 ± 2.1 0.014b)

Number of transferred embryos 1.1 ± 0.7 1.2 ± 0.6 1.2 ± 0.5 0.291
Endometrial thickness on the day of embryo transfer (mm) 10.4 ± 1.7 10.4 ± 1.8 10.7 ± 1.6 0.490
Positive pregnancy test 15 (26.8) 20 (33.9) 31 (36.5) 0.141
Clinical pregnancy 13 (23.2) 20 (33.9) 26 (30.6) 0.112
Miscarriage 1 (1.8) 2 (3.4) 2 (2.4) 0.148
Live birth 12 (21.4) 18 (30.5) 24 (28.2) 0.126

Values are presented as mean ± standard deviation or number (%). 
GnRHa, gonadotropin-releasing hormone agonist; hCG, human chorionic gonadotropin; MII, metaphase II. 
Significant difference between the dual-trigger and hCG groups: a)p < 0.001, b)p = 0.011.
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caution, as the number of top-quality embryos could be affected by 
the number of MII oocytes. Additionally, the greater number of MII 
oocytes could result from the type of trigger, as well the higher peak 
oestradiol levels in the dual-trigger group. 

Recently, in a retrospective cohort study, Zhou et al. [24] demon-
strated that a dual trigger results in greater numbers of two-pro-
nuclear embryos, embryos available, and high-quality embryos. 
They also reported nonsignificant trends towards higher implanta-
tion, clinical pregnancy, and live delivery rates in the dual-trigger 
group compared to the hCG-trigger group [24]. In another recent 
study, Beck-Fruchter et al. [8] compared the results following a Gn-
RHa trigger and an hCG trigger in normal responders. The authors 
reported similar outcomes regarding the number of oocytes, oo-
cyte maturation rate, implantation rate, and live birth rate [8]. Our 
results aligned with the results of these two recent studies in that 
a dual trigger was superior to an hCG trigger alone. However, we 
showed no significant advantage of a dual trigger over a GnRHa 
trigger alone in normal responders with regard to the number of 
top-quality embryos. 

The most important strength of our study was its comparison of 
three different types of ovulation triggers. To the best of our knowl-
edge, this is the first study that included a comparison between a 
dual trigger and a GnRHa trigger in normal responders. The system-
atic exploration of individual parameters may also add credence to 
our observations. The main limitations of the present study were its 
retrospective nature and small sample size. For instance, the non-sig-
nificant differences among the dual-trigger group and the other 
groups regarding oocyte numbers, MII numbers, and (in particular) 
live birth rates may be reflections of the small sample size. Consider-
ing the relatively low live birth rate found in the GnRHa-trigger 
group, one could assume that a significant difference might be pres-
ent if a larger cohort were used. However, when interpreting the re-
sults, the smaller number of patients and higher peak oestradiol lev-
els in the dual-trigger group should be noted as limitations of this 
study. Also, the non-randomized case selection makes our study un-
likely to be involved in future meta-analyses. Another limitation of 
our study was the absence of frozen-thawed cycles in the analyses. It 
is plausible that the inclusion of such cycles would result in better 
outcomes. Finally, the lack of a sample size calculation should also be 
noted as a limitation of this study. 

In conclusion, in terms of the number of top-quality embryos in 
normal responders, a dual-trigger approach seems superior to an 
hCG trigger alone, but not superior to a GnRHa trigger alone. How-
ever, no clinical benefit seems to exist in terms of live birth rates. Fu-
ture randomized controlled trials in large cohorts and meta-analyses 
are needed to clarify the exact impact of the trigger of final oocyte 
maturation in normal responders undergoing ART cycles. 
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Introduction 

Fertility preservation (FP) techniques consist of oocyte, embryo, 
and oocyte tissue cryopreservation that can prolong the ability to 
conceive. The cryopreservation of oocytes matured in vivo that were 
obtained in controlled ovarian stimulation (COS) cycles has generat-
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Objective: The aim of this study was to determine whether co-administration of a gonadotropin-releasing hormone (GnRH) agonist and hu-
man chorionic gonadotropin (hCG) for final oocyte maturation improved mature oocyte cryopreservation outcomes in young women with 
decreased ovarian reserve (DOR) compared with hCG alone. 
Methods: Between January 2016 and August 2019, controlled ovarian stimulation (COS) cycles in women (aged ≤35 years, anti-Müllerian 
hormone [AMH] <1.2 ng/mL) who underwent elective oocyte cryopreservation for fertility preservation were retrospectively analyzed. 
Results: A total of 76 COS cycles were triggered with a GnRH agonist and hCG (the dual group) or hCG alone (the hCG group). The mean age 
and serum AMH levels were comparable between the two groups. The duration of stimulation, total dose of follicle-stimulating hormone 
used, and total number of oocytes retrieved were similar. However, the number of mature oocytes retrieved and the oocyte maturation rate 
were significantly higher in the dual group than in the hCG group (p=0.010 and p<0.001). After controlling for confounders, the dual-trigger 
method remained a significant factor related to the number of mature oocytes retrieved (p=0.016). 
Conclusion: We showed improved mature oocyte collection and maturation rate with the dual triggering of oocyte maturation in young 
women with DOR. A dual trigger appears to be more beneficial than hCG alone in terms of mature oocyte cryopreservation for young wom-
en with DOR. 
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ed many successful results [1,2]. Mature oocyte cryopreservation can 
now be successfully offered as part of FP programs for patients look-
ing to preserve fertility for medical and social reasons. Thus, this is no 
longer only an experimental concept [3]. However, the usefulness of 
cryopreservation of collected immature oocytes before and after in 
vitro maturation (IVM) is still debatable [4]. Therefore, it is still import-
ant for FP to collect a large number of mature oocytes.  

Women with decreased ovarian reserve (DOR) are at risk of losing 
their reproductive ability due to the reduced number and quality of 
oocytes in the ovary [5,6]. Young women with DOR may be candi-
dates for elective oocyte cryopreservation for FP before ovarian fail-
ure. However, previous COS studies were conducted with regards to 
the in vitro fertilization (IVF) treatment of infertile older women with 
DOR or young women without DOR (oocyte donors). There is a lack 



of data on obtaining a large number of mature oocytes in young 
women with DOR. 

Meanwhile, one of the most critical steps during COS is the trig-
gering of final oocyte maturation. Human chorionic gonadotropin 
(hCG) is usually used as a surrogate for the luteinizing hormone 
surge for final oocyte maturation, resumption of meiosis, and lutein-
ization of the granulosa cells [7]. To reduce the risk of ovarian hyper-
stimulation syndrome (OHSS), the substitution of hCG with a gonad-
otropin-releasing hormone (GnRH) agonist was proposed for IVF 
high responders [8]. However, adverse effects on clinical pregnancy 
[9] resulted in the emergence of the concept of a dual trigger with a 
GnRH agonist along with a low dose of hCG [10]. In addition to IVF 
high responders, the dual-trigger approach has advantages for nor-
mal responders in terms of implantation, oocyte collection yield, and 
oocyte maturation [11]. Furthermore, the dual-trigger approach has 
been found to improve the oocyte maturation rate in patients with 
prior low oocyte maturation rates [12]. These benefits have been at-
tributed to the GnRH agonist induced mid-cycle follicle-stimulating 
hormone (FSH) surge believed to promote oocyte nuclear matura-
tion and cumulus expansion [13,14]. Results regarding the number 
of mature oocytes or oocyte maturation rates following a dual trig-
ger compared with hCG alone in poor responders are inconsistent 
[15,16]. Thus, the aim of this study was to investigate whether a dual 
trigger with a GnRH agonist along with hCG for final oocyte matura-
tion improved mature oocyte cryopreservation outcomes in young 
women with DOR compared with hCG alone. 

Methods 

This study was conducted retrospectively with approval from the 
Institutional Review Board of CHA Gangnam Medical Center (IRB No. 
GCI-19-44). Due to the retrospective design, the requirement for in-
formed consent was waived. This retrospective study included wom-
en 35 years old and younger who underwent elective oocyte cryo-
preservation for FP due to DOR. DOR was defined when the serum 
anti-Müllerian hormone (AMH) level was lower than 1.2 ng/mL at the 
time of COS initiation [17]. AMH concentrations were measured us-
ing an Elecsys AMH immunoassay (Roche Diagnostics, Mannheim, 
Germany). A total of 122 GnRH antagonist COS cycles performed be-
tween January 2016 and August 2019 at a CHA Gangnam Medical 
Center were selected. The exclusion criteria were women on more 
than their second cycle, a natural cycle, mild stimulation with oral 
medication, and retrieval failure. After exclusion, a total of 76 COS cy-
cles were included in the final analysis. The study population was di-
vided into two groups based on the trigger method: a dual trigger 
with a GnRH agonist and hCG (the dual group, n = 40) and a trigger 
of hCG alone (the hCG group, n = 36). Figure 1 depicts the study pop-

ulation. We compared the number of mature oocytes and oocyte 
maturation rates of the two groups and investigated factors associat-
ed with the number of mature oocytes retrieved to determine the 
effect of each triggering method while controlling for confounding 
factors. 

Baseline hormone tests and pelvic ultrasound examinations were 
performed on day 2 or 3 of the menstrual cycle. COS commenced on 
the 3rd day of the menstrual cycle using recombinant FSH (rFSH; Go-
nal-F, Merck-Serono, Darmstadt, Germany; Follitrope, LG Life Scienc-
es, Seoul, Korea) and/or highly purified human menopausal gonado-
trophin (hMG; IVF-M HP, LG Life Sciences; Menopur, Ferring, Saint-
Prex, Switzerland). Patient response was monitored during the COS 
cycle with serial transvaginal ultrasound examinations, and the go-
nadotropin dose was adjusted. A GnRH antagonist (Cetrotide, Mer-
ck-Serono; Orgalutran, MSD Pharmaceuticals, Courbevoie, France) 
was added when the leading follicle reached 14 mm in diameter. 
When at least one of the follicles reached 18 mm in diameter, 250 μg 
of recombinant hCG (Ovidrel, Merck-Serono) or coadministration of 
0.2 mg of a GnRH agonist (Decapeptyl; Ipsen Pharma, Barcelona, 
Spain) with 250 μg of hCG was administered for final oocyte matura-
tion. The choice of triggering method was made at the physicians’ 
discretion. 

Under transvaginal ultrasound guidance, oocyte retrieval was per-
formed 35 to 36 hours after dual or hCG trigger. Oocyte maturity was 
evaluated using microscopy, and the mature oocyte count was as-
sessed. Mature oocytes had a single polar body with an expanded 
cumulus-corona. Immature oocytes were cultured for IVM. The oo-
cyte maturation rate was calculated by dividing the number of ma-
ture oocytes by the number of total oocytes. After excluding degen-
erative oocytes, the oocytes were cryopreserved using the vitrifica-

122 Elective oocyte cryopreservation
Young women with DOR

≤35 years of age
AMH <1.2 ng/mL

between Jan 2016 and Aug 2019

40 Dual trigger 36 hCG trigger

Exclusion
25 >2nd cycle 

6 Nature cycle 
6 Mild stimulation with CC or Femara 
9 Retrieval failure 

76 Study population 

Figure 1. Flow diagram depicting the selection of the study 
population. DOR, decreased ovarian reserve; AMH, anti-Müllerian 
hormone; CC, clomiphene citrate; hCG, human chorionic gonadotropin.
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tion method. 
All statistical analyses were performed using IBM SPSS ver. 25.0 

(IBM Corp., Armonk, NY, USA). Continuous variables are presented as 
mean ± standard deviation, and categorical variables are presented 
as numbers with percentages. Differences between the two groups 
were analyzed using the Student t-test or the Pearson chi-square 
test. Furthermore, we used univariate analysis to identify factors re-
lated to the number of mature oocytes retrieved. Multivariate analy-
sis was performed to examine the adjusted effect of related factors. 
Subgroup analysis according to the COS regimen was performed us-
ing the Mann-Whitney test, and p-values < 0.05 were considered to 
indicate statistical significance. 

Results 

The clinical characteristics of the study subjects are summarized in 
Table 1. No significant differences were observed in age or ovarian 
reserve (determined by AMH levels and basal FSH). Approximately 
one-third of the women had a history of ovarian surgery. Table 2 rep-
resents the ovarian stimulation and laboratory outcomes. The dura-
tion of stimulation, the total dose of FSH, and the estradiol level on 
the triggering day were similar. The total FSH dose by the number of 
oocytes retrieved was comparable between the two groups. Howev-
er, the total FSH dose by the number of mature oocytes retrieved 
was significantly lower in the dual group than in the hCG group (634 
±  480 IU vs. 982 ±  748 IU, respectively; p = 0.030). Although the 
number of total oocytes retrieved was statistically similar (5.3 ±  3.5 

Table 1. Clinical characteristics of the study subjects

Variable Dual trigger (n = 40) hCG trigger (n = 36) p-value
Age (yr) 30.9 ± 4.2 29.6 ± 4.0 0.174
Body mass index (kg/m2) 20.0 ± 2.3 20.4 ± 2.6 0.361
Basal AMH (ng/mL) 0.64 ± 0.35 0.57 ± 0.36 0.413
Basal FSH (IU/L) 14.6 ± 16.0 13.9 ± 14.5 0.863
Basal LH (mIU/mL) 8.5 ± 10.4 5.5 ± 3.0 0.248
Basal TSH (μIU/mL) 1.7 ± 1.0 1.4 ± 0.6 0.143
Basal prolactin (ng/mL) 19.3 ± 24.5 17.4 ± 14.4 0.754
Basal estradiol (pg/mL) 57.8 ± 45.9 52.4 ± 20.3 0.586
Basal AFC 6.2 ± 3.3 5.4 ± 2.6 0.281
Previous ovarian surgery 35.0 (14/40) 33.3 (12/36) 0.878
USG diagnosis of ovarian cyst 10.0 (4/40) 22.2 (8/36) 0.145

Values are presented as mean±standard deviation or percent (number). Basal values were measured at day 2 or 3 of the menstrual cycle. 
hCG, human chorionic gonadotropin; AMH, anti-Müllerian hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating 
hormone; AFC, antral follicle count; USG, ultrasonography.

Table 2. Stimulation and laboratory results of the study subjects

Variable Dual trigger (n = 40) hCG trigger (n = 36) p-value
Gonadotropin combination 0.628
 rFSH only (%) 50.0 (20/40) 55.6 (20/36)
 rFSH+hMG (%) 50.0 (20/40) 44.4 (16/36)
Duration of stimulation (day) 7.3 ± 2.1 7.7 ± 2.0 0.440
Total dose of FSH used (IU) 1,658 ± 642 1,874 ± 829 0.207
FSH dose/oocyte 457 ± 389 536 ± 490 0.439
FSH dose/mature oocyte 634 ± 480 982 ± 748 0.030
Estradiol on triggering day (pg/mL) 1,007 ± 597 981 ± 548 0.875
Number of total oocytes retrieved 5.3 ± 3.5 5.0 ± 2.7 0.655
Number of mature oocytes retrieved 3.7 ± 2.7 2.3 ± 1.7 0.010
Degenerative oocyte rate 0.5 (1/213) 1.7 (3/180) 0.336
Oocyte maturation rate 68.5 (146/213) 45.6 (82/180) < 0.001

Values are presented as percent (number) or mean±standard deviation.
hCG, human chorionic gonadotropin; rFSH, recombinant follicle-stimulating hormone; hMG, human menopausal gonadotrophin; FSH, follicle-stimulating 
hormone.
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vs. 5.0 ±  2.7, p = 0.655), the number of mature oocytes retrieved was 
significantly higher in the dual group than in the hCG group (3.7 ±  
2.7 vs. 2.3 ±  1.7, respectively; p = 0.010). Furthermore, the oocyte 
maturation rate was significantly higher in the dual group than in 
the hCG group (68.5% vs. 45.6%, respectively; p < 0.001). OHSS did 
not occur in either group. 

Univariate correlation analysis was used to determine factors sig-
nificantly related to the number of mature oocytes retrieved: basal 
AMH (p = 0.041), basal FSH (p = 0.014), basal antral follicle count 
(AFC) (p < 0.001), and the dual trigger versus the hCG trigger method 
(p = 0.011). In the multivariate analysis, basal AFC (p < 0.001) and the 
use of the dual trigger method (p = 0.016) remained significant fac-
tors (Table 3).   

Discussion 

The present study showed an increased number of mature oo-
cytes retrieved and higher oocyte maturation rates with the use of a 
dual trigger in young women with DOR undergoing GnRH antago-
nist-downregulated COS cycles. A dual trigger in elective oocyte 
cryopreservation for young women with DOR is a viable treatment 
to cryopreserve a large number of mature oocytes in FP. Single wom-
en could achieve reproductive autonomy via elective oocyte cryo-
preservation. Currently, women with DOR consider elective oocyte 
cryopreservation before compromising their fertility. Young women 
with DOR have fewer oocytes retrieved, but the possibility of a 
high-quality embryo and clinical pregnancy are higher once the oo-
cytes are acquired [18]. Although young women with low AMH lev-
els are challenging subjects for oocyte retrieval due to their poor re-
sponse to COS [19], they should be counseled about efficient oocyte 
cryopreservation plans. Efficient oocyte cryopreservation could di-
minish the pressure on young women to have a child or select a 

partner at a certain time.  
In DOR patients, results regarding the number of mature oocytes 

following dual trigger compared with a trigger of hCG alone remain 
inconsistent. Zhang et al. [15] concurred that a dual-trigger approach 
was beneficial in women with a mean age of 36 years. However, Lin 
et al. [16] showed no difference in mature oocyte outcomes in wom-
en (mean age, 38 years) with DOR undergoing a dual-trigger treat-
ment method. Our study was performed in relatively young women; 
therefore, a dual-trigger method could be more effective in younger 
women. 

Women undergoing FP want to eventually have a healthy child 
with their cryopreserved mature oocytes. Although we cannot pro-
vide results for embryo quality according to the trigger method, the 
reproductive outcomes of oocytes treated with a dual-trigger ap-
proach do not seem to be compromised. Thorne et al. [20] recently 
reported that the embryo aneuploidy rate was similar in patients 
stimulated with a GnRH agonist trigger and patients administered 
an hCG trigger. Embryo development and quality appear to be unaf-
fected in GnRH agonist trigger cycles [21]. Moreover, a meta-analysis 
revealed that patients treated with a dual-trigger approach had sig-
nificantly more good-quality embryos than patients treated with an 
hCG trigger [22]. 

The endogenous gonadotropin surge released by the administra-
tion of GnRH agonist, similar to the natural cycle surge, is considered 
more physiological than the hCG trigger. The importance of a 
mid-cycle FSH surge induced by a GnRH agonist has been deter-
mined in several animal and molecular biology studies. Animal stud-
ies have confirmed the importance of FSH in the upregulation of LH 
receptor sites formation in granulosa cells [23,24]. FSH also plays a 
crucial role in promoting the resumption of oocyte meiosis [25,26] 
and the expansion of cumulus cells [13,27]. Furthermore, the expres-
sion of messenger RNA of reproduction-related genes such as am-

Table 3. Correlation analysis of factors related to the number of mature oocytes retrieved

Variable
Univariate analysis Multivariate analysis

B p-value B p-value
Female age (yr) −0.025 0.709
Body mass index (kg/m2) −0.203 0.075
Basal AMH (ng/mL) 1.607 0.041 0.071 0.937
Basal FSH (IU/L) −0.050 0.014 −0.030 0.263
Basal AFC 0.396 < 0.001 0.374 < 0.001
Gonadotropin combination, rFSH+ hMG (vs. rFSH) −0.897 0.102
Duration of stimulation (day) 0.064 0.64
Total dose of FSH used (IU) 0.001 0.412
Triggering method, dual trigger (vs. hCG trigger) 1.372 0.011 1.36 0.016

Basal values were measured on day 2 or 3 of the menstrual cycle.
B, correlation coefficient; AMH, anti-Müllerian hormone; FSH, follicle-stimulating hormone; AFC, antral follicle count; rFSH, recombinant FSH; hMG, human 
menopausal gonadotrophin; hCG, human chorionic gonadotropin.
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phiregulin and epiregulin was found to be higher in granulosa cells 
after a dual-trigger treatment compared to an hCG trigger [28]. Am-
phiregulin and epiregulin are epidermal growth factor receptor li-
gands that have been reported to play essential roles in cumulus ex-
pansion, oocyte maturation, and meiosis resumption [29,30]. 

When planning FP, the potential complications and cost of oocyte 
retrieval should be taken into consideration. In our study, no OHSS or 
other complications occurred in either group. Although the total 
dose of FSH used was similar, the efficiency in terms of FSH dose per 
retrieved mature oocyte was much better with the dual trigger. Fur-
ther study is needed to evaluate whether the dual-trigger approach 
is more cost-effective in FP. 

We subanalyzed the data according to the gonadotropin combi-
nations (rFSH only or rFSH+hMG; data not shown in the results). The 
oocyte maturation rates were significantly higher in the dual-trigger 
group regardless of the COS regimen (rFSH only, 69.5% vs. 45.8%, 
p < 0.001; rFSH with hMG, 67.4% vs. 45.0%, p = 0.006). The number 
of mature oocytes retrieved was higher with the dual-trigger ap-
proach, but the difference was not statistically significant due to the 
small numbers involved (rFSH only: 4.1 ± 2.6 vs. 2.8 ± 1.9, p = 0.127; 
rFSH with hMG: 3.2 ± 2.8 vs. 1.7 ± 1.4, p = 0.089). The dual-trigger ap-
proach for final oocyte maturation seemed to improve mature oo-
cyte retrieval regardless of the combination of gonadotropins used. 

This study had a few limitations, such as the small number of study 
subjects and the retrospective nature of the study. Moreover, only 
the result of mature oocyte cryopreservation was reported; the re-
sults after cryopreservation of in vitro matured oocytes were not pre-
sented. To the best of our knowledge, this is the first study compar-
ing a dual trigger to an hCG-only trigger in elective oocyte cryopres-
ervation for young women with DOR. The beneficial effect of the 
dual trigger with a GnRH agonist and hCG on obtaining mature oo-
cytes enabled more mature oocyte cryopreservation in young wom-
en with DOR. Future prospective randomized controlled studies are 
required to validate our findings.  
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Objective: The objective of the study was to compare the effects of long-term and short-term embryo culture to assess whether there is a 
correlation between culture duration and clinical outcomes. 
Methods: Embryos were divided into two study groups depending on whether their post-warming culture period was long-term (20–24 
hours) or short-term (2–4 hours). Embryo morphology was analyzed with a time-lapse monitoring device to estimate the appropriate timing 
and parameters for evaluating embryos with high implantation potency in both groups. Propensity score matching was performed to adjust 
the confounding factors across groups. The grades of embryos and blastocoels, morphokinetic parameters, implantation rate, and ongoing 
pregnancy rate were compared. 
Results: No significant differences were observed in the implantation rate or ongoing pregnancy rate between the two groups (long-term 
culture group vs. short-term culture group: 56.3% vs. 67.9%, p=0.182; 47.3% vs. 53.6%, p=0.513). After warming, there were more expanded 
and hatching/hatched blastocysts in the long-term culture group than in the short-term culture group, but there was no significant be-
tween-group difference in embryo grade. Regarding pregnancy outcomes, the time to complete blastocyst re-expansion after warming is 
shorter in women who became pregnant than in those who did not in both culture groups (long-term: 2.19±0.63 vs. 4.11±0.81 hours, 
p=0.003; short-term: 1.17±0.29 vs. 1.94±0.76 hours, p=0.018, respectively).
Conclusion: The outcomes of short-term culture and long-term culture were not significantly different in vitrified-warmed blastocyst trans-
fer. Regardless of the post-warming culture time, the degree of blastocyst re-expansion 3–4 hours after warming is an important marker for 
embryo selection. 
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Introduction 

Elective single embryo transfer has been widely adopted to reduce 
the risk of maternal/neonatal complications and multiple births with 
in vitro fertilization. Accordingly, the need to cryopreserve surplus 
blastocysts after embryo transfer is increasing. In addition, with the 
recent trend to take steps to reduce the risk of ovarian hyperstimula-
tion syndrome and to transfer embryos in a more physiologic envi-
ronment, cryopreservation has become a common strategy. There-
fore, interest has been growing in the proper selection criteria for 
high-quality warmed embryos [1]. 



In vitrified-warmed blastocyst transfer (VBT), complete blastomere 
survival and mitotic resumption during warming are generally con-
sidered to be the most important factors affecting pregnancy out-
comes. It has been assumed that a sufficient warming time may be 
required for resumption of cell proliferation and development [2]. 
However, the effect of culture duration on pregnancy outcomes in 
VBT remains controversial. One study suggested that a short-term 
culture period of 2–5 hours was associated with more favorable clini-
cal outcomes, although there was no statistically significant differ-
ence in mitotic division between the two groups. However, another 
study showed that the post-warming culture duration (1 hour vs. 18 
hours) was not relevant for the implantation rate (IR) and live birth 
rate when evaluating high-quality vitrified-warmed blastocysts [3,4]. 
Ebner et al. [5] performed a morphological analysis of the post-warm-
ing process of re-expansion and development with a time-lapse 
monitoring device. The study demonstrated that the completion of 
re-expansion took 2.70 ± 1.20 hours on average, suggesting that a 
sufficient time (i.e., not too short) may be needed to evaluate em-
bryo development. 

The purpose of the study was to compare the clinical outcomes of 
warmed blastocysts after long-term culture (20–24 hours) or short-
term culture (2–4 hours). The morphological parameters of embryo 
re-expansion were also analyzed with a time-lapse monitoring de-
vice to estimate the appropriate timing and parameters for evaluat-
ing embryos and predicting the implantation potency of post-
warmed embryos. 

Methods 

This study was approved by the Institutional Review Board of CHA 
Gangnam Medical Center (IRB No. GCI-19-27). Pa tients’ informed 
consent was not needed due to the nature of retrospective study. 

1. Participants
This retrospective study was conducted using the medical records 

of patients who underwent VBT procedures from March 2017 to De-
cember 2018 at the Fertility Center of CHA Gangnam Medical Center. 
Patients in whom a single blastocyst was transferred, regardless of 
the number of thawed embryos, were selected for the analysis. Cy-
cles with double blastocysts were excluded due to the uncertainty of 
the associations with embryo quality when one of the two trans-
ferred embryos was implanted. Cycles were excluded if procedural 
difficulties were encountered or if patients had a thin endometrium 
( < 8 mm). Cycles were divided according to whether the culture pe-
riod was long-term (20–24 hours) or short-term (2–4 hours). 

2. Blastocyst vitrification and warming 
For vitrification, blastocysts were first equilibrated in a mixture of 

HEPES medium (SAGE Quinn’s-HEPES; CooperSurgical, Trumbull, CT, 
USA) and 20% HSA (SAGE, CooperSurgical) supplemented with 7.5% 
ethylene glycol (EG) and 7.5% dimethyl sulfoxide (DMSO; Sigma-Al-
drich, St. Louis, MO, USA). For the final equilibration, 15% EG, 15% 
DMSO and 0.5 M sucrose were used. Each blastocyst was loaded 
onto a gold electron microscopic (EM) grid (EM Grid; SPI Supplies, 
West Chester, PA, USA). For the warming process, the EM grid con-
taining the blastocyst was sequentially transferred to culture dishes 
containing HEPES medium and 0.5 M, 0.25 M, 0.125 M, and 0.0 M su-
crose at intervals of 2.5 minutes, with 20% human serum albumin 
(SAGE BioPharma). After warming, the blastocyst was washed with 
blastocyst medium (Cook Medical, Bloomington, IN, USA) at 37°C in 
an atmosphere of 6% CO2, 5% O2 and 89% N2 and then cultured.  

3. Embryo grading  
Blastocyst morphology was evaluated according to the degree of 

blastocoel expansion and inner cell mass (ICM) and trophectoderm 
(TE) morphology. The blastocoel expansion grade was categorized 
into five groups: early, the blastocoel filling < 50% of the non-ex-
panded embryo; mid, the blastocoel filling > 50% of the embryo; ex-
panded, full blastocyst, cavity completely filling the embryo; hatch-
ing, a hatching blastocyst; and hatched, a blastocyst that has com-
pletely hatched out of the zona pellucida. ICM morphology was 
graded as follows: A, many tightly packed cells; B, several loosely 
grouped cells; and C, very few cells. TE morphology was graded fol-
lowing the same logic: A, many cells creating a cohesive epithelium; 
B, few cells forming a loose epithelium; and C, very few large cells. 
Embryo grading was performed using the modified Gardner blasto-
cyst grading system: excellent (E: expanded AA, hatching AA, 
hatched AA), good (G: early AA, mid AA, expanded AB or BA, hatch-
ing AB or BA, hatched AB, BA), average (A: early AB, BB, or BA; mid 
AB, BA, or BB; expanded BB; hatching BB; hatched BB), and poor (P: 
early AC, BC, CA, CB, or CC; mid BC, CA, CB, or CC; expanded BC, CB, or 
CC; hatching BC, CB, or CC; hatched BC, CB, or CC). 

4. Time-lapse monitoring of blastocysts after warming 
Immediately after warming, blastocysts were cultured in a time-

lapse system (Embryoscope; Vitrolife, Göteborg, Sweden). The time-
lapse video system captures images at intervals of 10 minutes fol-
lowed by annotation. For the vitrified-warmed blastocysts, the 
blastocoel re-expansion time was analyzed in terms of tRE (start of 
re-expansion) and tCRE (completion of re-expansion), which were 
recorded and compared between the groups. 
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5. VBT cycle 
All patients underwent endometrial preparation through either 

hormone replacement therapy or natural cycles. Patients with regu-
lar ovulation were treated using natural cycles. Luteal support was 
started using Crinone vaginal gel 8% (Merck Serono, Geneva, Swit-
zerland) or vaginal Utrogestan (600 mg; Han Hwa Pharmaceuticals, 
Seoul, Korea) after confirmation of ovulation. In hormone replace-
ment therapy cycles, oral estrogen (6 mg/day) was commenced on 
the 3rd day of the menstrual cycle until endometrial thickness 
reached at least 8 mm. Luteal support was applied for 5 days before 
VBT. 

6. Assessed outcome variables 
The primary outcomes of the study were clinical pregnancy out-

comes, including the IR, clinical pregnancy rate (CPR), and ongoing 
pregnancy rate (OPR). The IR was calculated as the percentage of 
embryos that successfully underwent implantation compared to the 
number of embryos transferred. Clinical pregnancy was defined as 
the presence of a fetal heartbeat on ultrasonography. An ongoing 
pregnancy was defined based on a positive fetal heartbeat at 11 
weeks or more of gestation confirmed on ultrasonography. Miscar-
riage was defined as a pregnancy that did not continue until it was 
classified as an ongoing pregnancy. Any pregnancy where the em-
bryo implanted and developed outside the uterine endometrial cav-
ity was defined as an ectopic pregnancy. 

7. Statistical analysis 
Logistic regression was used to estimate propensity scores for con-

structing a propensity score model. Potential confounders to be ad-
justed were included as variables, such as patient characteristics (fe-
male partner’s age, paternal age, body mass index, anti-Müllerian 
hormone levels, infertility duration, number of previous attempts), 
fresh cycle variables (intracytoplasmic sperm injection, retrieved oo-
cyte numbers) and endometrial thickness at embryo transfer. For 
propensity score matching, 2:1 nearest neighbor matching was per-
formed without replacement.  

The statistical analysis was performed using the Student t-test or 
Mann-Whitney U-test for continuous variables and the chi-square 
test for categoric variables. The level of significance was defined as 
p < 0.05. Baseline characteristics of the groups were presented as the 
mean ± standard deviation or number (percentile). Statistical analy-
sis was done using IBM SPSS ver. 23.0 (IBM Corp., Armonk, NY, USA).  

Results 

1. Patient characteristics 
During the study period, a total of 369 single VBT cycles were in-

cluded: 304 in the long-term group and 65 in the short-term group. 
After propensity score matching, 108 cycles in the long-term group 
and 56 in the short-term group were analyzed. Patients’ demograph-
ic characteristics did not significantly differ between the groups. An 
analysis of previous fresh in vitro fertilization cycles and subsequent 
VBT cycle parameters revealed no differences in the number of re-
trieved oocytes, the number of fertilized oocytes, and the number of 
vitrified blastocysts in both groups. Both groups also showed simi-
lar characteristics on the day of VBT (Table 1). More embryos were 
vitrified on day 5 than on day 6, and the cryo-survival rate was 
96% (Table 2). 

2. Embryo morphological evaluation 
The evaluation of the morphological quality of the warmed blas-

tocysts at the time of freezing and at the time of embryo transfer is 
summarized in Table 2. When evaluating the quality of embryos at 
the time of vitrification, there were no significant differences in em-
bryo status between the two groups according to blastocyst grade, 
blastocoel expansion grade, ICM grade, or TE grade. After warming, 
the embryo quality also remained similar in terms of the grade of 
blastocysts, ICM and TE. The embryos before vitrification were in the 
early, mid, and expanded states. However, there was a significant dif-
ference between the degree of expansion of the two groups after 
warming (hatching and hatched embryos, long-term vs. short-term: 
83.9% vs. 57.1%, p < 0.001). 

3. Morphokinetic analysis using a time-lapse monitoring system 
The warming embryos were observed through an embryoscope 

for morphokinetic analysis to evaluate the extent of blastocoel ex-
pansion over time. The long-term culture group comprised 58 blas-
tocysts, and the short-term culture group contained 31 blastocysts. 
There were no embryos that did not start or complete re-expansion 
during the incubation time in either group. 

Regardless of culture duration, the embryos in patients who be-
came pregnant started re-expansion significantly more quickly than 
embryos in those who did not become pregnant (tRE: long-term 
group, 0.56 ± 0.18 vs. 1.57 ± 0.41, p = 0.021; short-term group, 
0.37 ± 0.09 vs. 0.81 ± 0.18; p = 0.041, respectively) (Figure 1A). tCRE 
was also faster in patients who became pregnant than in those who 
did not regardless of culture duration (tCRE: long-term group, 2.19±0.63 
vs. 4.11 ±0.81 hours, p =0.003; short-term group, 1.17 ±0.29 vs. 
1.94±0.76 hours, p =0.018, respectively) (Figure 1B). In patients who 
became pregnant, the duration for tCRE in the long-term culture group 
was 0.4–4.7 hours, while that for short-term culture was 0.6–2.7 
hours, indicating that all embryos underwent re-expansion within 4 
hours. 
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4. Clinical outcomes 
The clinical outcomes of both post-warming culture groups are 

compared in Table 3. The IR and CPR per embryo transferred were 
similar in the long-term culture group and the short-term culture 
group (56.3% vs. 67.9%, p = 0.182 and 53.6% vs. 60.7%, p = 0.413, re-
spectively). There was no significant difference in the OPR per em-
bryo transferred between the two groups (47.3% vs. 53.6%, 
p = 0.513). The miscarriage rate in both groups was comparable 
(p = 0.627). 

Discussion 

The results of this study showed that the clinical outcomes, includ-
ing the IR, pregnancy rate, and miscarriage rate were similar in the 
long-term culture group and the short-term culture group. Extended 
culture time was associated with a higher degree of blastocoel re-ex-
pansion just before embryo transfer, but there was no significant dif-
ference in the clinical results. Furthermore, through a morphokinetic 
analysis of vitrified-warmed embryo re-expansion, we demonstrated 

that the speed of re-expansion was a significant post-warming mor-
phological predictor of clinical pregnancy outcomes in both groups. 

The culture time interval after warming may serve as an important 
factor that affects the quality of the embryo. In the fresh embryo 
transfer cycles, the implantation potential of embryos has usually 
been evaluated based on the embryos’ morphology, such as the 
ICM/TE grade and the degree of blastocoel expansion. However, in 
VBT cycles, the predictive power of blastocyst morphology is unclear, 
because the structure of the embryo shrinks through vitrification 
and then undergoes re-expansion after warming. Some previous re-
ports suggested that long-term culture after warming may increase 
the degree of blastocoel expansion and increase the chance of se-
lecting an embryo with high implantation potential [3,6]. Du et al. [6] 
showed that a higher proportion of blastocysts were re-expanded 
after long-term (20 hours) culture compared with blastocysts with 
short-term (4 hours) culture (80% vs. 36%), and the IR of embryos 
cultured for 20 hours was significantly higher. 

However, regardless of how the environment of embryo culture 
aims to mimic Fallopian tube and intrauterine conditions, the influ-

Table 1. Characteristics of previous fresh IVF cycles and vitrified-warming blastocyst transfer cycle in the two different post-warmed culture 
period groups

Variable Long-term culture (20–24 hr, n = 112) Short-term culture (2–4 hr, n = 56) p-value
Maternal age (yr) 33.8 ± 2.8 33.7 ± 3.2 0.773
Paternal age (yr) 37.2 ± 4.3 37.5 ± 4.5 0.612
BMI (kg/m2) 20.8 ± 2.3 21.5 ± 2.9 0.077
Infertility duration (yr) 3.2 ± 2.1 2.8 ± 2.0 0.508
Previous IVF attempts (n) 1.4 ± 0.9 1.4 ± 0.7 0.513
AMH (ng/mL) 4.3 ± 3.5 4.6 ± 3.3 0.605
Basal E2 (mIU/mL) 48.3 ± 19.3 48.0 ± 17.5 0.929
Basal FSH (mIU/mL) 7.6 ± 2.8 7.2 ± 2.2 0.318
Etiology of infertility (%) 0.084
 Female 32 (28.6) 15 (26.8)
 Male 12 (10.7) 9 (16.1)
 Combine 41 (36.6) 17 (30.3)
 Unexplained 27 (24.1) 15 (26.7)
E2 on hCG trigger (pg/mL) 3,061.9 ± 1,770.5 3,145.1 ± 1,988.4 0.788
Number of retrieved oocytes 16.6 ± 8.7 17.4 ± 8.2 0.533
ICSI (%) 70 (62.5) 36 (64.3) 0.734
Number of fertilizations 11.0 ± 5.6 12.0 ± 5.3 0.264
Number of freezing blastocysts 3.7 ± 2.8 3.6 ± 2.4 0.871
Protocol Endometrial 0.876
preparation (%)
 Natural 75 (67.0) 37 (66.1)
 HRT 37 (33.0) 19 (33.9)
Endometrial thickness at transfer (mm) 10.0 ± 1.7 10.2 ± 1.7 0.455

Values are presented as mean±standard deviation or number (%). 
IVF, in vitro fertilization; BMI, body mass index;  AMH, anti-Müllerian hormone; E2, estradiol; FSH, follicle-stimulating hormone; hCG, human chorionic 
gonadotropin; ICSI, intra-cytoplasmic sperm injection; HRT, hormone replacement therapy.
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Table 2. Characteristics of blastocysts in each group at the time of vitrification and warming

Variable
(Blastocyst) grades at the time of vitrification

p-value
(Blastocyst) grades at the time of warminga)

p-valueLong-term culture  
(20–24 hr, n = 112)

Short-term culture  
(2–4 hr, n = 56)

Long-term culture  
(20–24 hr, n = 112)

Short-term culture  
(2–4 hr, n = 56)

Blastocyst grade (%) 0.344 0.795
 Excellent 16 (14.3) 8 (14.3) 22 (19.6) 9 (16.1)
 Good 6 (5.4) 1 (1.8) 1 (0.9) 0
 Average 67 (59.8) 36 (64.3) 59 (52.7) 31 (55.4)
 Poor 23 (20.5) 11 (19.6) 30 (26.8) 16 (28.6)
Blastocoel grade (%) 0.691 0.001
 Early 7 (6.3) 2 (3.6) 1 (0.9) 1 (1.8)
 Mid 29 (25.9) 14 (25.0) 1 (0.9) 4 (7.1)
 Expanded 76 (67.9) 40 (71.4) 16 (14.3) 19 (33.9)
 Hatching 0 0 69 (61.6) 25 (44.6)
 Hatched 0 0 25 (22.3) 7 (12.5)
ICM grade (%) 0.951 0.860
 A 20 (17.9) 10 (17.9) 23 (20.5) 10 (17.9)
 B 85 (75.9) 43 (76.8) 77 (68.8) 39 (69.6)
 C 7 (6.3) 3 (5.4) 12 (10.7) 7 (12.5)
TE grade (%) 0.958 0.800
 A 19 (17.0) 9 (16.1) 22 (19.6) 9 (16.1)
 B 73 (65.2) 37 (66.1) 61 (54.5) 31 (55.4)
 C 20 (17.9) 10 (17.9) 29 (25.9) 16 (28.6)
Day of freezing (%) 0.694
 5 Day 87 (77.7) 44 (80.0)
 6 Day 25 (22.3) 11 (20.0)
Cryo-survival rate (%) 96.5 ± 12.7 96.1 ± 14.2 0.884

Values are presented as number (%) or mean±standard deviation. 
ICM, inner cell mass; TE, trophectoderm. 
a)Grade of embryos at the time of embryo transfer after warming.
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ence of stress over culture time always needs to be considered [7]. 
One study found that reducing the post-thaw culture duration de-
creased culture-related stress and preserved embryonic develop-
mental potential [8]. Furthermore, as improved vitrification and 
warming skills have reduced the frequency of embryos undergoing 
lysis or failing to re-expand, the need for extended culture to dese-
lect blastocysts with the low development potential would have 
been reduced. Indeed, our study demonstrated that the culture time 
was not significantly associated with the IR or clinical outcomes. This 
finding is consistent with results of a previous prospective random-
ized study showing no association between the culture duration (18 
hours vs. 1 hour) and clinical outcomes in the vitrification setting (IR, 
38.0% vs. 36.0%; p = 0.87) [3]. 

The proportion of hatching/hatched blastocysts was significantly 
higher in the long-term culture group (84.8% vs. 53.8%), but all post-
warmed embryos were re-expanded at the point of the embryo 
transfer regardless of the culture period. Ahlstrom et al. [9] assessed 
cultured embryos after warming for up to 6 hours at short intervals 
(20–30 seconds), and showed that 2 hours was sufficient to assess 
the warmed blastocysts. That study suggested that the degree of 
re-expansion is a direct response after warming, and reported that 
after 2 hours, time had little effect on the degree of re-expansion [9]. 
Shu et al. [10] also reported that 75.9% of thawed blastocysts re-ex-
panded after 3 to 4 hours in post-thaw culture. When we analyzed 
the start and completion time of re-expansion with a time-lapse 
monitoring device, 90% of embryos started re-expansion immedi-
ately after warming and completed re-expansion within an average 
of 1.4–3.5 hours. 

Lin et al. [11] also showed that the blastocyst re-expansion time 
was not related to the total culture time, but was determined to be a 
significant indicator of clinical pregnancy outcomes. Other studies 
also reported that the speed of blastocoel re-expansion during 
warming significantly predicted clinical outcomes [6,9]. Because of 
vitrification and cryoprotectant toxicity, less damaged blastocysts 
with a lower percentage of cell loss tend to undergo an increased 
degree of re-expansion after warming. In our study, the start time 
and the completion time of blastocyst re-expansion were found to 
be significantly faster in patients who became pregnant in both the 

short-term and long-term culture groups. In the patients who be-
came pregnant, re-expansion began within an average of 0.3–0.5 
hours and was completed within 1.1–2.1 hours, approximately twice 
as fast as in the patients who did not become pregnant. The blasto-
cyst re-expansion mechanism is unclear, but its main process is regu-
lated by the velocity of water flux and resealing of the TE [12]. Under 
cryodamage, impaired function of Na+/K+-ATPase and water trans-
port mechanisms lead to lesser and slower re-expansion [13]. There-
fore, less damaged blastocysts showed faster re-expansion, and the 
speed of re-expansion may be a promising marker of cellular viability 
and developmental competency [14]. 

In order to reduce the potential bias of re-expansion speed on cul-
ture time, a subgroup analysis was performed only on embryos that 
completed re-expansion by 4 hours. This subgroup analysis also 
showed that the culture time after warming was irrelevant for blas-
tocyst implantation potential, and that the speed of re-expansion 
was correlated with clinical outcomes, as previously discussed (data 
not shown). Therefore, long-term culture was considered to have no 
advantage for selecting embryos with a low implantation potential. 
At the same time, the extended culture period did not show any det-
rimental effects on the embryo. 

In this study, it was shown the choice of long-term or short-term 
culture time did not have a significant effect on clinical outcomes. 
However, the times of start and completion of blastocyst re-expan-
sion can predict the implantation potential, and they showed signifi-
cance as parameters for selecting appropriate embryos for transfer. 
Therefore, evaluating the speed of embryo re-expansion 3–4 hours 
after warming may help to decide which embryo to transfer without 
waiting until embryos develop to the hatching or hatched stages. 
This study is limited by its retrospective design and small sample size. 
Therefore, these findings should be confirmed through prospective 
randomized controlled studies with larger samples to achieve statis-
tically well-powered results. 

In conclusion, the outcomes of short-term culture and long-term 
culture were not significantly different in VBT cycles. Embryo transfer 
timing after warming may be determined by optimizing each labo-
ratory’s work flow. Regardless of post-warming culture time, the de-
gree of blastocyst re-expansion 3-4 hours after warming is a valuable 

Table 3. Clinical outcomes in the two different post-warming culture period groups

Variable Long-term culture (20–24 hr, n = 112) Short-term culture (2–4 hr, n = 56) p-value
Implantation (%) 63 (56.3) 38 (67.9) 0.182
Clinical pregnancy (%) 60 (53.6) 34 (60.7) 0.413
Ongoing pregnancy (%) 53 (47.3) 30 (53.6) 0.513
Miscarriage (%) 8 (7.1) 3 (5.3) 0.627
Ectopic pregnancy (%) 0 0

Values are presented as number (%).
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marker for embryo selection in warmed embryo transfer cycles. 

Conflict of interest 

No potential conflict of interest relevant to this article was report-
ed. 

ORCID 

Ji Young Hwang                   https://orcid.org/0000-0001-6895-7368 
Jae Kyun Park                   https://orcid.org/0000-0002-5333-4990 
Tae Hyung Kim                   https://orcid.org/0000-0002-2874-8884 
Jin Hee Eum                   https://orcid.org/0000-0002-7875-1870 
Haengseok Song                   https://orcid.org/0000-0002-5027-7310 
Jin Young Kim                   https://orcid.org/0000-0001-5156-0751 
Han Moie Park                   https://orcid.org/0000-0002-7819-383X 
Chan Woo Park                   https://orcid.org/0000-0002-2564-6292 
Woo Sik Lee                   https://orcid.org/0000-0002-2329-1774 
Sang Woo Lyu                   https://orcid.org/0000-0001-5572-0898 

Author contributions 

Conceptualization: SWL. Data curation: JKP, JYH. Formal analysis: 
JKP, JYH. Methodology & Project administration: THK, JHE, HS, JYK, 
HMP, CWP, WSL. Visualization: JYH, JKP, SWL. Writing–original draft: 
JYH, JKP. Writing– review & editing: SWL.  

References 

1. Coello A, Meseguer M, Galan A, Alegre L, Remohi J, Cobo A. Anal-
ysis of the morphological dynamics of blastocysts after vitrifica-
tion/warming: defining new predictive variables of implantation. 
Fertil Steril 2017;108:659–66.e4. 

2. Ziebe S, Bech B, Petersen K, Mikkelsen AL, Gabrielsen A, Andersen 
AN. Resumption of mitosis during post-thaw culture: a key pa-
rameter in selecting the right embryos for transfer. Hum Reprod 
1998;13:178–81. 

3. Herbemont C, Chekroune S, Bonan S, Cedrin-Durnerin I, Vivot A, 
Sonigo C, et al. Impact of post-warming culture duration on clini-
cal outcomes of vitrified good-quality blastocyst transfers: a pro-

spective randomized study. Fertil Steril 2018;110:1290–7. 
4. Rato ML, Gouveia-Oliveira A, Plancha CE. Influence of post-thaw 

culture on the developmental potential of human frozen embry-
os. J Assist Reprod Genet 2012;29:789–95. 

5. Ebner T, Oppelt P, Radler E, Allerstorfer C, Habelsberger A, Mayer 
RB, et al. Morphokinetics of vitrified and warmed blastocysts pre-
dicts implantation potential. J Assist Reprod Genet 2017;34:239–
44. 

6. Du QY, Wang EY, Huang Y, Guo XY, Xiong YJ, Yu YP, et al. Blasto-
coele expansion degree predicts live birth after single blastocyst 
transfer for fresh and vitrified/warmed single blastocyst transfer 
cycles. Fertil Steril 2016;105:910–9.e1. 

7. Van der Elst J, Van den Abbeel E, Vitrier S, Camus M, Devroey P, 
Van Steirteghem AC. Selective transfer of cryopreserved human 
embryos with further cleavage after thawing increases delivery 
and implantation rates. Hum Reprod 1997;12:1513–21. 

8. Guo L, Luo C, Quan S, Chen L, Li H, Guo Y, et al. The outcome of 
different post-thawed culture period in frozen-thawed embryo 
transfer cycle. J Assist Reprod Genet 2013;30:1589–94. 

9. Ahlstrom A, Westin C, Wikland M, Hardarson T. Prediction of live 
birth in frozen-thawed single blastocyst transfer cycles by pre-
freeze and post-thaw morphology. Hum Reprod 2013;28:1199–
209. 

10. Shu Y, Watt J, Gebhardt J, Dasig J, Appling J, Behr B. The value of 
fast blastocoele re-expansion in the selection of a viable thawed 
blastocyst for transfer. Fertil Steril 2009;91:401–6. 

11 Lin R, Feng G, Shu J, Zhang B, Zhou H, Gan X, et al. Blastocoele 
re-expansion time in vitrified-warmed cycles is a strong predictor 
of clinical pregnancy outcome. J Obstet Gynaecol Res 2017; 
43:689–695. 

12. Offenberg H, Thomsen PD. Functional challenge affects aquaporin 
mRNA abundance in mouse blastocysts. Mol Reprod Dev 2005; 
71:422–30. 

13. Houghton FD, Humpherson PG, Hawkhead JA, Hall CJ, Leese HJ. 
Na+, K+, ATPase activity in the human and bovine preimplanta-
tion embryo. Dev Biol 2003;263:360–6. 

14. Tachikawa S, Otoi T, Kondo S, Machida T, Kasai M. Successful vitrifi-
cation of bovine blastocysts, derived by in vitro maturation and 
fertilization. Mol Reprod Dev 1993;34:266–71. 

https://doi.org/10.5653/cerm.2020.03832318

Clin Exp Reprod Med 2020;47(4):312-318

http://orcid.org/0000-0001-6895-7368
http://orcid.org/0000-0002-5333-4990
http://orcid.org/0000-0002-2874-8884
http://orcid.org/0000-0002-7875-1870
http://orcid.org/0000-0002-5027-7310
http://orcid.org/0000-0001-5156-0751
http://orcid.org/0000-0002-7819-383X
http://orcid.org/0000-0002-2564-6292
http://orcid.org/0000-0002-2329-1774
http://orcid.org/0000-0001-5572-0898
https://doi.org/10.1016/j.fertnstert.2017.07.1157
https://doi.org/10.1016/j.fertnstert.2017.07.1157
https://doi.org/10.1016/j.fertnstert.2017.07.1157
https://doi.org/10.1016/j.fertnstert.2017.07.1157
https://doi.org/10.1093/humrep/13.1.178
https://doi.org/10.1093/humrep/13.1.178
https://doi.org/10.1093/humrep/13.1.178
https://doi.org/10.1093/humrep/13.1.178
https://doi.org/10.1016/j.fertnstert.2018.07.1153
https://doi.org/10.1016/j.fertnstert.2018.07.1153
https://doi.org/10.1016/j.fertnstert.2018.07.1153
https://doi.org/10.1007/s10815-012-9793-z
https://doi.org/10.1007/s10815-012-9793-z
https://doi.org/10.1007/s10815-012-9793-z
https://doi.org/10.1007/s10815-016-0855-5
https://doi.org/10.1007/s10815-016-0855-5
https://doi.org/10.1007/s10815-016-0855-5
https://doi.org/10.1007/s10815-016-0855-5
https://doi.org/10.1016/j.fertnstert.2015.12.014
https://doi.org/10.1016/j.fertnstert.2015.12.014
https://doi.org/10.1016/j.fertnstert.2015.12.014
https://doi.org/10.1016/j.fertnstert.2015.12.014
https://doi.org/10.1093/humrep/12.7.1513
https://doi.org/10.1093/humrep/12.7.1513
https://doi.org/10.1093/humrep/12.7.1513
https://doi.org/10.1093/humrep/12.7.1513
https://doi.org/10.1007/s10815-013-0120-0
https://doi.org/10.1007/s10815-013-0120-0
https://doi.org/10.1007/s10815-013-0120-0
https://doi.org/10.1093/humrep/det054
https://doi.org/10.1093/humrep/det054
https://doi.org/10.1093/humrep/det054
https://doi.org/10.1093/humrep/det054
https://doi.org/10.1016/j.fertnstert.2007.11.083
https://doi.org/10.1016/j.fertnstert.2007.11.083
https://doi.org/10.1016/j.fertnstert.2007.11.083
https://doi.org/10.1111/jog.13257
https://doi.org/10.1111/jog.13257
https://doi.org/10.1111/jog.13257
https://doi.org/10.1111/jog.13257
https://doi.org/10.1002/mrd.20306
https://doi.org/10.1002/mrd.20306
https://doi.org/10.1002/mrd.20306
https://doi.org/10.1016/j.ydbio.2003.07.014
https://doi.org/10.1016/j.ydbio.2003.07.014
https://doi.org/10.1016/j.ydbio.2003.07.014
https://doi.org/10.1002/mrd.1080340306
https://doi.org/10.1002/mrd.1080340306
https://doi.org/10.1002/mrd.1080340306


Copyright © 2020. THE KOREAN SOCIETY FOR REPRODUCTIVE MEDICINE www.eCERM.org 319

This is an Open Access article distributed under the terms of the Creative Commons Attribution 
Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

Introduction 

Ovarian adrenal rest tumors (OARTs) occur in a very small propor-
tion ( < 0.1%) of women with congenital adrenal hyperplasia (CAH), 
and are extremely rare in women without CAH [1], although adrenal 
rest tumors are relatively common in the testes of men with CAH [2]. 
According to the literature, these tumors imitate CAH symptoms 
(e.g., hirsutism, clitoromegaly, oligo-amenorrhea, and, rarely, pelvic 
masses) [3]. Herein, we describe the first known case of OART in a 
woman without CAH presenting with primary infertility. 

Case report 

This is a case report, and the patient and her relatives were in-
formed in detail and their written consents were obtained.
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Adrenal rest tumors are a rare extra-adrenal complication of congenital adrenal hyperplasia (CAH) in women although they are more com-
monly found in the testes of male patients with CAH. An ovarian adrenal rest tumor (OART) may coexist with CAH or imitate its symptoms 
without CAH. In this case report, we present the case of a woman with OART without CAH, whose main complaint was infertility and who 
had a baby after successful surgical treatment. 
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A 34-year-old nulliparous woman presented to our in vitro fertiliza-
tion (IVF) center because of an inability to conceive for 2 years. While 
taking her medical history, the patient reported that her menstrual 
cycle had started at the age of 13, and was regular until the age of 
19. Upon her first examination, the patient had been diagnosed with 
polycystic ovary syndrome due to her severe hirsutism and second-
ary amenorrhea (two of the three Rotterdam 2013 criteria). There-
fore, she used oral contraceptive (OC) pills for 12 years. Her menstrual 
cycle improved while taking OC medication, and her hirsutism par-
tially improved. She discontinued OC treatment after marriage be-
cause of a desire to have a child. 

Two months after marriage, her irregular menses recurred. She 
presented to a local hospital with this complaint. Upon evaluation, 
her basal serum 17-hydroxyprogesterone (17-OHP) level was 20 
ng/mL, which was higher than normal, leading the clinicians to con-
sider the possibility of CAH. Therefore, dexamethasone therapy (0.5 
mg/day) was started. Several ovulation inductions (with an aro-
matase inhibitor and timed coitus for six cycles) and an IVF cycle 
were performed with the goal of conception after the 6th month of 
her marriage. During IVF therapy, the gonadotropin (recombinant 
follicle- stimulating hormone [FSH]) dose used was 300 IU/day for 9 
days and the endometrial thickness was 6.4 mm on trigger day. From 



the two collected oocytes, one mature oocyte was obtained and fer-
tilized. The embryo was transferred on day 3, but she failed to 
achieve a pregnancy, even though her husband was healthy and his 
semen analysis was normal.  

When she was transferred to us, we performed a physical exam-
ination of the patient. We assessed hirsutism using the Ferriman-Gall-
wey score, with a score of 22. There were also signs of virilism, includ-
ing thickening of the vocal cords, alopecia, and clitoromegaly. The 
results of the hormone assay indicated that the patient’s 17-OHP lev-
el remained high (86 ng/mL), despite dexamethasone therapy. Her 
dehydroepiandrosterone sulfate, free testosterone, and total testos-
terone levels were 385.9 µg/dL, 5.5 pg/mL, and 416.2 ng/dL, respec-
tively. Serum FSH, luteinizing hormone, thyroid-stimulating hor-
mone, free T4, prolactin, and cortisol levels were normal. Transvagi-
nal ultrasonography showed a normal uterus size, with a thin endo-
metrium (4 mm) and diminished ovarian reserve. The right ovary 
measured 40 × 35 × 32 mm in size and had one antral follicle, and 

the left ovary measured 29 × 25 × 25 mm in size and had three antral 
follicles. A 34 × 30 × 29 mm solid mass was observed in the right ova-
ry (Figure 1). Tumor markers (i.e., CA 125, CA 15.3, alpha-fetoprotein, 
and carcinoembryonic antigen) were found to be within normal lim-
its. Since she had an ovarian mass and a high serum 17-OHP level, 
we suspected an adrenal rest tumor and ordered an abdominal and 
pelvic magnetic resonance imaging scan. It showed a 42 × 32-mm 
hyperintense right ovarian solid mass with a normal left ovary; how-
ever, the bilateral adrenal glands were of normal size and morpholo-
gy (Figure 2). We planned laparoscopy for a definitive diagnosis of 
the right ovarian mass. Laparoscopic examination of the pelvic cavity 
showed a yellowish solid 4-cm mass on the right ovary. The mass 
was removed in an endoscopic bag without rupture (Figure 3), and 
sent for an immediate pathological frozen section, which revealed a 
benign tumor. Then it was sent for histological examination. Macro-
scopically, it was a yellow-colored tumor measuring nearly 4 cm, with 
a smooth and well-limited surface. Microscopically, almost all of the 

Figure 1. Ultrasonographic appearance of the right ovarian adrenal rest tumor demonstrating an echogenic border (A), the left ovary (B), and 
thin endometrium (C).

Figure 2. Magnetic resonance imaging showed a 42×32-mm 
hyperintense right ovarian solid mass in the pelvic cavity.

A B C

Figure 3. Laparoscopic removal of the yellowish solid mass in an 
endoscopic bag.
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ovarian parenchyma was occupied by the tumor lesion, as shown by 
large cells with small nuclei without mitotic activity, nuclear atypia, 
and Reinke crystalloids. Hemorrhagic or necrotic areas were absent 
in the sample. Immunohistochemical analysis revealed diffuse stain-
ing for calretinin, inhibin, vimentin, and melan-A (Figure 4). The final 
histopathological findings confirmed the diagnosis of OART. 

One week after the operation, the patient’s serum 17-OHP level 
decreased dramatically (1.82 ng/mL). Therefore, we suspected CAH, 
and consulted with an endocrinologist to carry out an adrenocorti-
cotropic hormone (ACTH) simulation (Synacthen) test for the defini-
tive diagnosis of CAH. In the ACTH simulation test, the 17-OHP levels 
were 0.21 ng/mL, 0.54 ng/mL and 0.60 ng/mL at 0, 30, and 60 min-
utes, respectively. Based on these findings, the diagnosis of CAH was 
excluded. We also conducted a genetic test to investigate the possi-
ble presence of a CYP21A2 gene mutation, the test result was nega-
tive. We offered detailed genetic tests for the other enzyme deficien-
cies involved in CAH, but the patient did not agree to undergo the 
recommended tests. 

Postoperatively, the patient’s menstrual cycles became regular and 
signs of hyperandrogenism disappeared. Furthermore, 4 months af-
ter the operation, she spontaneously became pregnant and then 
gave birth to a healthy infant at term. 

Discussion 

Adrenal rest tumors are benign, but may produce excessive 17-
OHP and androgens. These tumors are commonly found in the testes 
of male patients, and their prevalence has been reported to be as 
high as 95% in men with CAH. In contrast, OARTs are less common in 
women with CAH ( < 0.1%) [1]. In a literature search, we found that 

Yilmaz-Agladioglu et al. [3] reported the first case of OART in a girl 
without CAH. They presented a 13-year-old female patient who was 
diagnosed with non-classical CAH at 6 years of age due to premature 
pubarche, and received hydrocortisone therapy for 6 years. The pa-
tient was further investigated because hormonal control was unsuc-
cessful (high levels of 17-OHP and total testosterone) while under 
high-dose steroid therapy, and she was diagnosed with a steroid cell 
ovarian tumor, similar to our case. In our case, signs of hyperandro-
genism, disordered menstruation, and infertility were the main com-
plaints of the patient, whereas, in their case, the patient’s complaint 
was limited to signs of hyperandrogenism. This discrepancy reflects 
the fact that the patients were at different reproductive stages. Sur-
gical removal of the ovarian mass resulted in clinical improvements 
in both cases. To the best of our knowledges, our patient is second 
case in which OART was seen in a woman without CAH. 

The mechanism of ART formation still has not yet been fully eluci-
dated. Kim et al. [4] mentioned that these tumors may arise from ec-
topic migration of residual adrenal cortex cells into the developing 
gonads because of the connection between the adrenal glands and 
gonads during embryonic development. Claahsen-van der Grinten 
et al. [5] suggested that defective primary sex cord regression, in-
cluding all aberrant adrenal cells, during gonad development may 
be a causative factor in OART development. 

In the literature, it has been shown that OARTs were related with 
distinct enzyme deficiencies associated with CAH, such as 21-hy-
droxylase, 11-hydroxylase, and 3-β hydroxysteroid dehydrogenase 
[6]. In our case, beside the negative results of Synacthen and genetic 
(CYP21A2 gene) tests, improvement of the patient’s clinical com-
plaints (menstrual disturbances and hyperandrogenism signs, even 
including infertility) after the operation, supported exclusion of the 
diagnosis of CAH. 

The diagnosis of OART masses by conventional imaging may be 
difficult because of the rarity of OART and sometimes small size of 
these tumors. Chen et al. [7] recommended examination of the ova-
ries and excision of any suspicious OART masses in female CAH pa-
tients who respond poorly to hormone therapy. In our case, we also 
suspected OART because the patient was unresponsive to hormone 
therapy and because of the patient’s ongoing complaints; addition-
ally, the patient stated that this ovarian mass had been present for a 
long time, but it was not considered important since it was small. 

Testicular adrenal rest tumors may be an important cause of infer-
tility in men, as they lead to obstruction of the seminiferous tubules, 
azoospermia and gonadal dysfunction [8]. Disruption in the hypo-
thalamic-pituitary-ovarian axis due to excessive androgens and ex-
cessive progesterone secretion in OART patients can causes infertili-
ty. Androgens can also directly inhibit folliculogenesis by having a 
negative effect on aromatase activity in granulosa cells. Additionally, 

Figure 4. (A) Microscopic appearance of the tumor cells showed 
a uniform size, polygonal shape, abundant eosinophilic and 
vacuolated cytoplasm, and round nuclei with small nucleoli (long 
arrow). Acellular hyaline areas were observed among clusters of 
tumor cells (short arrow). (B) Mitotic activity was low. Crystalloids of 
Reinke were not identified (H&E, ×200).
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progesterone hypersecretion in OARTs can affect the quality of cervi-
cal mucus and sperm penetration, accelerate endometrial matura-
tion, reduce endometrial receptivity, decrease implantation, and ex-
ert negative effects on oocyte quality [9]. 

To the best of our knowledge, this is the first known case of OART 
causing infertility. There are three principal aspects that should be 
noted: first, this was an extremely rare case; second, the patient’s in-
fertility and other hyperandrogenism-related complaints were suc-
cessfully treated; and third, it was possible to exclude the diagnosis 
of CAH, which requires excessive steroid use and repeated treat-
ments for infertility. Increased levels of androgen hormones by 
OARTs may lead to infertility by damaging the hypothalamo-hy-
pophyseal axis. The appropriate diagnosis and treatment of these 
cases can prevent both excessive steroid use and recurrent treat-
ments for infertility. The patient described herein conceived sponta-
neously following the excision of an OART. 
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www.who.int/ictrp/network/primary/en/) or ClinicalTrial.gov (https://
clinicaltrials.gov/), a service of the Unite States National Institutes of 
Health.

4. Authorship

The CERM follows the recommendations for authorship by the Inter-
national Committee of Medical Journal Editors (ICMJE, http://www.icmje.
org). Authors should have made significant conceptual, intellectual, ex-
perimental, and analytical contributions to the research, as well as hav-
ing participated in writing and revising the manuscript. Each author 
should have participated sufficiently in the work to take public responsi-
bility for its content. Authorship credit should be based on: (1) substan-
tial contributions to conception and design, acquisition of data, and/or 
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analysis and interpretation of data; (2) drafting the article or revising it 
critically for important intellectual content; (3) final Enacted: December 
31, 1974 Revised: November 31, 2018 ii approval of the version to be 
published; and (4) agreement to be accountable for all aspects of the 
work in ensuring that questions related to the accuracy or integrity of 
any part of it are appropriately investigated and resolved. Every author 
should meet all 4 of these conditions. Copyright assignment must also 
be completed by every author.
•  Correction of authorship: CERM does not correct authorship after pub-

lication unless a mistake has been made by the editorial staff. Author-
ship may be changed before publication but after submission when 
an authorship correction is requested by all of the authors involved 
with the manuscript.

•  Non-author contributor: Any researcher, who does not meet all four IC-
MJE criteria for authorship discussed above but contribute substan-
tively to study in terms of idea development, manuscript writing, con-
ducting research, data analysis, and financial support should have 
their contributions listed in the ‘Acknowledgments’ section of the arti-
cle. We encourage authors to fully acknowledge the contribution of 
patients and the public to their research where appropriate.

5. Process for scientific misconduct

When the journal faces suspected cases of research and publication 
misconduct such as redundant (duplicate) publication, plagiarism, fraud-
ulent or fabricated data, changes in authorship, an undisclosed conflict 
of interest, ethical problems with a submitted manuscript, a reviewer 
who has appropriated an author’s idea or data, complaints against edi-
tors, and so on, the resolution process will be completed following the 
procedures outlined in the flowchart provided by the COPE (http://pub-
licationethics.org/resources/flowcharts). The discussion and decision on 
the suspected cases will be carried out by the Editorial Board.

6. Conflict-of-interest statement

The corresponding author must inform the editor of any potential 
conflicts of interest that could influence the authors’ interpretation of 
the data. Examples of potential conflicts of interest are financial sup-
port from or connections to pharmaceutical companies, political pres-
sure from interest groups, and academically related issues. In particu-
lar, all sources of funding applicable to the study should be explicitly 
stated.

7. Process for handling cases requiring corrections, retractions, 
and editorial expressions of concern

Cases that require editorial expressions of concern or retraction shall 

follow the COPE flowcharts (http://publicationethics.org/resources/
flowcharts). If a correction is required, the procedure to provide the cor-
rection will follow the ICMJE Recommendation (http://www.icmje.org/
recommendations/browse/publishing-and-editorialissues/correc-
tions-and-version-control.html).

8. Editorial responsibilities

The Editorial Board will continuously work to monitor and safeguard 
spublication ethics: guidelines for retracting articles; maintenance of the 
integrity of the academic record; preclusion of business needs from com-
promising intellectual and ethical standards; publishing corrections, clari-
fications, retractions, and apologies when needed; and excluding plagia-
rism and fraudulent data. The editors maintain the following responsibili-
ties: responsibility and authority to reject and accept articles; avoiding any 
conflict of interest with respect to articles they reject or accept; promoting 
publication of corrections or retractions when errors are found; and the 
preservation of the anonymity of reviewers. Submitted manuscripts are 
screened for possible plagiarism or duplicate publication by the use of 
Similarity Check powered by iThenticate (https://www.crossref.org/ser-
vices/similaritycheck/), a plagiarism-screening tool upon arrival. If plagia-
rism or duplicate publication related to the papers of this journal is detect-
ed, the manuscripts may be rejected, the authors will be announced in 
the journal, and their institutions will be informed of this situation. There 
will also be penalties that will be assessed and applied for the authors if 
this incident occurs.

III. COPYRIGHTS, OPEN ACCESS, AND CLINICAL DATA 
SHARING POLICY

1. Copyrights

A submitted manuscript, when published will become the property of 
the journal. The copyrights of all published materials are owned by the 
Korean Society for Reproductive Medicine, the Korean Society for Assist-
ed Reproduction, the Pacific Society for Reproductive Medicine and Ko-
rean Society for Fertility Preservation.

Upon acceptance of an article, authors will be asked to transfer the 
copyright for their content to the Korean Society for Reproductive Medi-
cine, the Korean Society for Assisted Reproduction, the Pacific Society 
for Reproductive Medicine and Korean Society for Fertility Preservation. 
This transfer will ensure the widest possible dissemination of informa-
tion to the readers. A letter will be sent to the corresponding author 
confirming receipt of the manuscript. A form facilitating transfer of 
copyright will be provided to the author of the manuscript at that time. 
If excerpts from other copyrighted works are included, the author(s) 
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must obtain written permission from the copyright owners and credit 
the source(s) in the article.

2. Open access

Articles published in CERM are open-access, distributed under the 
terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/4.0), which permits unre-
stricted non-commercial use, distribution, and the reproduction in any 
medium, provided that the original work is properly cited.

3. Archiving policy

Full text of CERM has been archived in PubMed Central (PMC)/Europe 
PMC (https://www.ncbi.nlm.nih.gov/pmc/journals/1702/) and National 
Library of Korea (https://www.nl.go.kr/) from the 46th volume, 2019. Ac-
cording to the deposit policy (self-archiving policy) of Sherpa/Romeo 
(http://www.sherpa.ac.uk/), authors cannot archive pre-print (i.e., pre-ref-
ereeing), but they can archive post-print (i.e., final draft post-refereeing). 
Authors can archive publisher’s version/PDF. CERM provides the electronic 
backup and preservation of access to the journal content in the event the 
journal is no longer published by archiving in PubMed Central and Na-
tional Library of Korea.

4. Open data policy

For clarification on result accuracy and reproducibility of the results, 
raw data or analysis data will be deposited to a public repository 
or CERM homepage after acceptance of the manuscript. Therefore, 
submission of the raw data or analysis data is mandatory. If the data 
is already a public one, its URL site or sources should be disclosed. 
If data cannot be publicized, it can be negotiated with the editor. If 
there are any inquiries on depositing data, authors should contact 
the Editorial Office for more information.

5. Clinical data sharing policy

This journal follows the data sharing policy described in “Data Sharing 
Statements for Clinical Trials: A Requirement of the International Com-
mittee of Medical Journal Editors” (https://doi.org/10.3346/jkms.2017. 
32.7.1051). As of January 1, 2019 manuscripts submitted to CERM that 
report the results of clinical trials must contain a data sharing statement. 
Clinical trials that begin enrolling participants on or after January 1, 2019 
must include a data sharing plan in the trial’s registration. The ICMJE’s 
policy regarding trial registration is explained at https://www.icmje.org/
recommendations/browse/publishing-andeditorial-issues/clinical-tri-
al-registration.html. If the data sharing plan changes after registration 
this information should be reflected in the statement submitted and 

published with the manuscript, as well as being updated in the registry 
record.

IV. MANUSCRIPT SUBMISSION

Manuscripts for submission to CERM should be prepared according to 
the following instructions. CERM follows ICMJE Recommendations, if not 
otherwise described below. Any physicians or researchers throughout the 
world can submit a manuscript if the scope of the manuscript is appropri-
ate. Manuscripts can be submitted either in English.

Only those manuscripts which are original, have not been published 
elsewhere, and are not currently being considered for inclusion in another 
publication will be considered for publication in CERM. All manuscripts 
should be submitted online via the journal’s website (http://submit.
ecerm.org/) by the corresponding author. Submission instructions are 
available at the website. All articles submitted to the journal must comply 
with these instructions. Failure to do so will result in return of the manu-
script and possible delay in publication. Send all correspondence regard-
ing submitted manuscripts to:

Byung Chul Jee, M.D.

Editor-in-Chief, Clinical and Experimental Reproductive Medicine

Address: Department of Obstetrics and Gynecology, Seoul NationalUniver-

sity Bundang Hospital, 82 Gumi-ro 173 beon-gil, Bundang-gu,Seongnam 

13620, Korea

Tel: +82-31-787-7254, Fax: +82-31-787-4054

E-mail: blasto@snubh.org

V. CATEGORIES OF PUBLICATIONS

CERM publishes invited review articles, original articles, case reports, 
brief communications, and letter to editor.
•  Invited review articles provide a concise review of a subject of impor-

tance to researchers written by an invited expert in reproductive medi-
cal science.

•  Original articles are papers reporting the results of basic and clinical in-
vestigations that are sufficiently well documented to be acceptable to 
critical readers.

•  Case reports deal with clinical cases of medical interest or innovation.
•  Brief communications are short original research articles on issues im-

portant to medical and biological researchers.
•  Letter to editor includes a reader’s comment on an article published in 

CERM and a reply from the authors.
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VI. PREPARATION OF MANUSCRIPTS

1. General guideline

•  The main document with manuscript text and tables should be preiv 
pared with an MS-word or RTF format. The manuscript should be writ-
ten in 11-point font with double-line spacing on A4 (21.0 × 29.7 cm) or 
letter (8.5 × 11.0 in) sized paper with 2.5 cm (1.0 in) margins.

•  All manuscript pages are to be numbered at the upper right corner 
consecutively, beginning with the title page as page 1.

•  Submission items include a manuscript, table (s), and figure (s). Send 
also Author’s Signature Form and Copyright Transfer Form (These files 
can be found at the journal’s website) as jpg or pdf files. Revised man-
uscripts should also be accompanied by a response note.

•  Submit each figure as individual files separate from the manuscript. Do 
not insert figures into the text document. Figures should be in tiff, tif, 
jpg, jpeg files. Do not submit your manuscript or figures as pdf files.

•  For specific study designs, such as randomized control studies, studies 
of diagnostic accuracy, meta-analyses, observational studies, and non-
randomized studies, authors are encouraged to also consult the re-
porting guidelines relevant to their specific research design. A good 
source of reporting guidelines is the EQUATOR Network (https://www.
equator-network.org/) and the NLM (https://www.nlm.nih.gov/ser-
vices/research_report_guide.html).

•  Drug and chemical names should be stated in standard chemical or 
generic nomenclature.

•  Description of genes or related structures in a manuscript should in-
clude the names and official symbols provided by the US National 
Center for Biotechnology Information (NCBI) or the HUGO Gene No-
menclature Committee.

•  Standard metric units are used for describing length, height, weight, 
and volume. The unit of temperature is given in degree Celsius (°C). 
Specifically, use ‘sec’, ‘min’, ‘hr’, ‘day’, ‘wk’, ‘mo’, and ‘yr’ for time units. All 
others units of measure should be presented according to the Interna-
tional System (SI) of Units. All units must be preceded by one space 
except percentage (%), temperature (°C), and angle (°).

•  Use only standard abbreviations. Define all abbreviations on first usage.
•  Permissions. Materials taken from other sources must be accompanied 

by a written statement from the copyright holder giving permission to 
CERM for reproduction.

2. Original article

Manuscripts will not be acceptable for publication unless they meet 
the following editorial requirements. Manuscripts includes (1) Title page, 
(2) Structured abstract and Keywords, (3) Introduction, (4) Methods, (5) 
Results, (6) Discussion, (7) Acknowledgments, (8) References, (9) Tables, 

and (10) Figure legends. Each component should begin on a new page 
in the following sequence. Manuscripts should be no longer than 5,000 
words and the combined numbers of tables and figures should be no 
more than 10 items.

1) Title page
•  Provide running title (a maximum of 50 spaces and letters), manuscript 

title, the full name of author and the author’s institutional affiliation(s). 
For different institution, use the sequential Arabic number (1, 2, 3…) 
in superscript ahead of institution.

•  All persons designated as authors should be qualified for authorship 
(See the part of ETHICS IN PUBLISHING). Each author should have par-
ticipated sufficiently in the work to take public responsibility for the 
content.

•  Indicate a ‘corresponding author’ for reprints, and give full contact in-
formation (including address, telephone number, fax number, and 
e-mail).

•  All funding, other financial support, and material support for the work, 
if it exists, should be clearly identified in the conflict of interest state-
ment. If no conflicts of interest exist for any of the authors, this should 
be noted.

•  Include presentation history at a meeting.

2) Structured abstract and keywords: The abstract should present the 
Objective, Methods, Results, and Conclusion. The abstract should also 
emphasize new and important aspects of the study or observation 
and tract may not exceed 250 words. Below the abstract, provide up 
to 10 keywords that will assist indexers in crossindexing the article. For 
selecting keywords, refer to the MeSH database (https://www.ncbi.
nlm.nih.gov/mesh).

3) Introduction: Briefly describe the purpose of the investigation, includ-
ing relevant background information.

4) Methods: Describe the research plan, the materials (or subjects), and 
the methods used, in that order. Explain in detail how the disease was 
confirmed and how subjectivity in observations was controlled. When 
experimental methodology is the main issue of the paper, describe 
the process in detail so as to recreate the experiment as closely as pos-
sible. The sources of the apparatus or reagents used should be given 
along with the source location (name of company, city, and country). 
Ensure correct use of the terms sex (when reporting biological factors) 
and gender (identity, psychosocial or cultural factors), and, unless in-
appropriate, report the sex and/or gender of study participants, the 
sex of animals or cells, and describe the methods used to determine 
sex and gender. If the study was done involving an exclusive popula-
tion, for example in only one sex, authors should justify why, except in 
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obvious cases (e.g., prostate cancer). Authors should define how they 
determined race or ethnicity and justify their relevance. If needed, in-
clude information on the IRB/IACUC approval and informed consent. 
Methods of statistical analysis and criteria for statistical significance 
should be described.

5) Results: The results should be presented in logical sequence in the 
text, tables, and illustrations. Do not repeat in the text all data in the 
tables or figures, but describe important points and trends.

6) Discussion: Observations pertaining to the results of research and 
other related materials should be interpreted for your readers. Empha-
size new and important observations; do not merely repeat the con-
tents in the Introduction or Results. Explain the meaning of the ob-
served opinion along with its limits, and within the limits of the re-
search results connect the conclusion to the purpose of the research.

7) Acknowledgments: Persons who have contributed intellectually to 
the paper but whose contributions do not justify authorship may be 
named and their function or contribution described, e.g., “scientific ad-
viser,” “data collections,” or “participation in clinical trial.” Such persons 
must have given their permission to be named. Authors are responsi-
ble for obtaining written permission from the persons acknowledged 
by name, because readers may infer their endorsement of the data 
and conclusions.

8) ORCID (Open Researcher and Contributor ID): Authors are recom-
mended to provide an ORCID. To obtain an ORCID, authors should reg-
ister in the ORCID website: https://orcid.org. Registration is free to ev-
ery researcher in the world.

9) Author contributions: What authors have done for the study should 
be described in this section. To qualify for authorship, all contributors 
must meet at least one of the seven core contributions by CRediT 
(conceptualization, methodology, software, validation, formal analysis, 
investigation, data curation), as well as at least one of the writing con-
tributions (original draft preparation, review and editing). Authors 
may also satisfy the other remaining contributions; however, these 
alone will not qualify them for authorship. Contributions will be pub-
lished with the final article, and they should accurately reflect contri-
butions to the work. The submitting author is responsible for complet-
ing this information at submission, and it is expected that all authors 
will have reviewed, discussed, and agreed to their individual contribu-
tions ahead of this time. The information concerning sources of author 
contributions should be included in this section at submitting the final 
version of manuscript (at the first submission, this information should 
be included in title page).

Examples of authors’ contributions are as follows:
Conceptualization: BCJ. Data curation: DL. Formal analysis: YIA. Funding
acquisition: JHA. Methodology: BCJ. Project administration: MYP.
Visualization: MHC. Writing – original draft: DL. Writing – review & edit-
ing: BCJ.

10) References: Number references consecutively in the order in which 
they are first mentioned in the text. References are identified by Ara-
bic numerals in square bracket [ ]. Unpublished observations, and 
personal communications should not be used as references, al-
though references to written, not oral communications may be in-
serted (in parentheses) in the text. Abstracts published in a citable 
journal may be cited. To cite a paper accepted but not yet published, 
state the paper’s DOI number. References must be verified by the au-
thor(s) against the original documents. The titles of journals should 
be abbreviated according to the style used in Index Medicus (United 
States National Library of Medicine). List all authors in an article, but 
if the number exceeds six, give six followed by et al. Other types of 
references not described below should follow Citing Medicine: The 
NLM Style Guide for Authors, Editors, and Publishers (http://www. 
ncbi.nlm.nih.gov/books/NBK7256/).

Examples of references

(1) Journal article
Kim SG, Kim YY, Park JY, Kwak SJ, Yoo CS, Park IH, et al. Early fragment re-
moval on in vitro fertilization day 2 significantly improves the subse-
quent development and clinical outcomes of fragmented human em-
bryos. Clin Exp Reprod Med 2018;45:122-8.

(2) Website
American Society for Reproductive Medicine. Headlines in reproductive 
medicine [Internet]. Birmingham: American Society for Reproductive 
Medicine; 2010 [cited 2018 Jan 10]. Available from: http://www.asrm.
org/headlines/.

(3) Book
Suikkari AM. Use of in vitro maturation in a clinical setting. In: Gardner 
DK, Weissmaan A, Howles CM, Shoham Z, editors. Textbook of assisted 
reproductive technologies. 3rd ed. London: Informa Healthcare; 2009. p. 
155-62.

(4) In press
Yang XL, Chen F, Yang XY, Du GH, Xu Y. Low molecular weight heparin 
does not reduce miscarriages in non-thrombophilic IVF/ICSItreated 
women. Acta Obstet Gynecol Scand 2018 Oct 14 [Epub]. https://doi.
org/10.1111/aogs.13483.
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11) Tables: Tables should be typed double-spaced on separate pages 
within manuscript, and they should be titled and numbered in Ara-
bic numerals (not Roman numerals) in the order of their first citation 
in the text. Give each column a short heading. Place explanatory 
matter in footnotes, not in the heading. For footnotes vi use the fol-
lowing symbols, in this sequence: a), b), c), d), e), f) in superscript. Do 
not use internal vertical lines.

12) Figures: Each figure should be submitted in a separate file, at a reso-
lution of 600 dpi for photos and 1,200 dpi for line art. Lettering and 
identifying marks should be clear, and type size should be consistent 
on each figure. Capital letters should be used for specific areas of 
identification in a figure. Symbols, lettering, and numbering should 
be distinctly recognizable so that when the figure is reduced for 
publication each item will still be legible. Titles and detailed explana-
tions belong in the figure legends, not on the illustrations them-
selves. Do not include figure legends in the same file as the figure.

12) Figure legends: Place figure legends on a separate page at the end 
of your manuscript.

3. Review article

Review article will be requested by the editors. Review articles are 
generally prepared in the same format as original articles, but the details 
of manuscript format may be flexible according to the contents. The 
manuscripts are limited to 5,000 words of text and includes 250- word 
summary in the place of unstructured abstract.

4. Case report

Case reports should be succinct, informative, and limited to 2,000 
words of text (including Title page, 150-word Case report summary, In-
troduction, Case, Discussion, References, Table, and Figure legend).

5. Brief communication

Brief communication submissions should be limited to 2,000 words of 
text and a maximum of one figure or one table. Include a two-sentence 
narrative abstract in place of a structured abstract and do not include 
section headings.

6. Letter to the editor

This section of the journal is set aside for critical comments directed to 
a specific article that has recently been published in the journal. Letters 
should be brief (500 words), double-spaced, and limited to a maximum 

of five citations. The letters and replies should be prepared according to 
journal format. These will only be published in the online (blog) version 
of the journal for 6 months and then stored in the archives which are ac-
cessible to readers on-line. Illustrative material is accepted only with per-
mission of the Editor. Please include your complete mailing address, 
telephone and fax numbers, and e-mail address with your correspon-
dence. The Editor reserves the right to shorten letters, delete objection-
able comments, and make other changes to comply with the style of the 
journal.

VII. AUTHOR’S MANUSCRIPT CHECKLIST

1. Double-spaced typing with 11-point font using MS-Word or RTF for-
mat.

2. Sequence of Title page, Structured abstract and keywords, Introduc-
tion, Methods, Results, Discussion, Acknowledgments, References, Ta-
bles, and Figure legends. All pages should be numbered consecutively 
starting from the title page.

3. Title page with running title, manuscript title, author’s full name, and 
institution, address for correspondence.

4. Abstract in format within 250 words, and keywords as in MeSH.
5. References listed in proper format. Check that all references listed in 

the references section are cited in the text and vice versa.
6. Send also Author’s Signature Form and Copyright Transfer Form as jpg 

or pdf files.

VIII. PEER REVIEW PROCESS

All manuscripts will be evaluated by two peer reviewers who are se-
lected by the editors. The acceptance criteria for all papers are based on 
the quality and originality of the research and its clinical and scientific 
significance. An initial decision will normally be made within 4 weeks of 
receipt of a manuscript, and the reviewers’ comments are sent to the cor-
responding authors. Revised manuscripts must be submitted online by 
the corresponding author. The corresponding author must indicate the 
alterations that have been made in response to the referees’ comments 
item by item in response note. Failure to resubmit the revised manuscript 
within 8 weeks of the editorial decision is regarded as a withdrawal. 
Please notify the editorial office if additional time is needed or if you 
choose not to submit a revision. Authors can track the progress of a man-
uscript on the journal’s web-site. Articles that are accepted for publica-
tion are listed in the “Articles in Press” section of the journal’s website. The 
manuscript, when published, will become the property of the journal. All 
published papers become the permanent property of the Korean Society 
for Reproductive Medicine, and must not be published elsewhere with-
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out written permission.
Any appeal against the editorial decision to publish a text must be 

made within 2 weeks of the date of the decision letter. Authors who wish 
to appeal a decision should contact the Editor-in-Chief, explaining in de-
tail their reasons for the appeal. All appeals will be discussed with at least 
one other associate editor. If the associate editor(s) does vii (do) not 
agree, the appeal will be discussed at a full editorial meeting. CERM does 
not consider any second appeals and will reject any that are submitted 
regarding a manuscript.

IX. MANUSCRIPT ACCEPTED FOR PUBLICATION

1. Final version

After the paper has been accepted for publication, the author(s) 
should submit the final version of the manuscript for review. The names 
and affiliations of the authors should be double-checked to omit any 
spelling errors, and if the originally submitted image files were of poor 
resolution, higher resolution image files should be submitted at this 
time. Color images must be created as CMYK files. The electronic original 
should be sent for review with appropriate labeling and arrows. The EPS, 
TIFF, Adobe Photoshop (PSD), JPEG, and PPT formats are preferred for 
submission of digital files of photographic images. Symbols (e.g., circles, 
triangles, squares), letters (e.g., words, abbreviations), and numbers 
should be large enough to be legible on reduction to the journal’s col-
umn widths. All of the symbols that are used must be defined in the fig-
ure caption. If the symbols are too complex to appear in the caption, 
they should appear on the illustration itself, within the area of the graph 
or diagram, not to the side of the illustration. If references, tables, or fig-
ures are moved, added, or deleted during the revision process, they 
should be renumbered to reflect such changes in order that all tables, 
references, and figures are cited in numeric order.

2. Manuscript corrections

Before publication, the manuscript editor may correct the manuscript 
in order that it meets the standard publication format. The author(s) 
must respond within 2 days when the manuscript editor contacts the 
author for revisions. If the response is delayed, the manuscript’s publica-
tion may be postponed to the next issue to be considered for publica-
tion.

3. Galley proof

CERM provides the corresponding author with galley proofs for their 
correction. Corrections should be kept to minimum on these proofs to 
avoid a complete rewriting of the manuscript at that time. The Editor re-
tains the prerogative to question minor stylistic alterations and major al-
terations that have been made by Editors that might affect the scientific 
content of the paper. Fault found after the publication is a responsibility 
of the authors. We urge our contributors to proofread and their accepted 
manuscript very carefully before acknowledging the manuscript as com-
pleted and ready for publishing. The corresponding author may be con-
tacted by the Editorial Office, depending on the nature of correction in 
proof. If the proof is not returned to the Editorial Office within 48 hours, it 
may be necessary to reschedule the paper for a subsequent issue.

X. ARTICLE PROCESSING CHARGES

There is no page charge except for color printing. For color printing, a 
fee of KRW 150,000 (USD 150) will be charged per page. A minimum of 
10 offprints will be provided on request, at the author’s expense. An Off-
print Order Form outlining the cost will be sent to the corresponding au-
thor with the page proofs.

XI. FEEDBACK AFTER PUBLICATION

1. Errors

If the authors or readers find any errors present in the manuscript as 
written, or any contents information that should be revised, these chang-
es can be requested from the Editorial Board. The Editorial Board may 
consider erratum, corrigendum, or a retraction. If there are any revisions 
to the article, there will be a CrossMark description to announce the final 
draft. If there is a reader’s opinion on the published article with the form 
of Letter to the Editor, it will be forwarded to the authors for subsequent 
review. The authors are able to reply to the reader’s letter. The letter to 
the editor and the author’s reply may be also published.

2. Complaints and appeals

The policy of CERM is primarily aimed at protecting the authors, re-
viewers, editors, and the publisher of the journal. The process of handling 
complaints and appeals follows the guidelines of the COPE as noted as 
available from: https://publicationethics.org/appeals.
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