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Introduction 

In the field of preimplantation genetic testing for aneuploidy 
(PGT-A), mosaicism was first identified 25 years ago in a validation 
study, where it was thought to be caused by an insufficient trophec-
toderm (TE) sample size [1]. Technological innovations, such as 
next-generation sequencing (NGS), have significantly improved the 
identification and quantification of mosaicism. Some authors recent-
ly proposed that an “intermediate copy number” of individual chro-
mosomes is a more accurate term than mosaicism [2]. 

Mosaic embryos have the potential to implant and develop into 
genetically normal babies [3,4]. Greco et al. [5] first reported in 2015 
that 18 women who had mosaic embryo transfers gave birth to six 
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As the resolution and accuracy of diagnostic techniques for preimplantation genetic testing for aneuploidy (PGT-A) are improving, more mo-
saic embryos are being identified. Several studies have provided evidence that mosaic embryos have reproductive potential for implantation 
and healthy live birth. Notably, mosaic embryos with less than 50% aneuploidy have yielded a live birth rate similar to euploid embryos. This 
concept has led to a major shift in current PGT-A practice, but further evidence and theoretically relevant data are required. Proper guidelines 
for selecting mosaic embryos suitable for transfer will reduce the number of discarded embryos and increase the chances of successful em-
bryo transfer. We present an updated review of clinical outcomes and practice recommendations for the transfer of mosaic embryos using 
PGT-A. 

Keywords: Embryo transfer; Mosaicism; Preimplantation genetic testing

healthy euploid newborns. In a recent prospective study, the authors 
demonstrated that mosaic embryos had a similar implantation rate 
(55% vs. 55.8%, p = 0.86) and live birth rate (43.4% vs. 42.9%, 
p = 0.82), as well as equivalent developmental potential to that of 
euploid embryos [6]. In addition, multicenter studies found no signif-
icant differences between euploid and mosaic embryo transfers in 
terms of the preterm delivery rate, birth weight, or risk of congenital 
malformations [3,7,8]. 

However, arguments for and against transferring mosaic embryos 
still exist [9]. The International Do No Harm Group in in vitro fertiliza-
tion (IVF) argued against the 2019 Preimplantation Genetic Diagno-
sis International Society (PGDIS) guideline for mosaic embryo trans-
fer [10] on the basis that the interpretation of mosaicism in PGT-A 
was misleading [9,11]. On the contrary, a recently published pro-
spective non-selection study reported that the risk of clinical error in 
the diagnosis of uniform aneuploidy by NGS-based PGT-A was ex-
ceedingly low (0%–2%), suggesting that PGT-A has high predictive 
power [12]. Given the variability in the management of mosaic em-
bryos, it is important for clinicians to have informative genetic coun-
seling resources available when informing their patients of PGT-A re-
sults and giving recommendations for mosaic embryo transfer. 

https://doi.org/10.5653/cerm.2022.05393


Therefore, we aimed to provide the latest clinical outcomes following 
mosaic embryo transfers in PGT-A cycles and a summary of updated 
practice recommendations. 

Definition and types of mosaicism 

Mosaicism is the presence of more than one genotypically distinct 
cell population within a single zygote [13]. Mosaic cellular popula-
tions are thought to arise from post-zygotic mitotic errors during 
post-zygotic cell division [13]. In PGT-A, mosaicism is defined as a 
mixture of 20% to 80% aneuploid and euploid DNA content; those 
with less than 20% aneuploid DNA are called euploid, and those 
with more than 80% aneuploid DNA are called aneuploid. [14]. The 
incidence of mosaic embryos has been reported to be 5%, but some 
have found rates of 20%–30% using PGT-A [15]. Mosaicism is more 
frequently found in cleavage-stage embryos (30%–70%) [16] com-
pared with blastocyst-stage embryos (5%–15%) [17,18]. 

Mosaicism can be classified into four types based on cell lineage 
and the timing of mitotic errors in the blastocyst stage [19,20]. An 
embryo is defined as “total mosaic” when both the inner cell mass 
(ICM) and TE contain aneuploid and euploid cells. If the mosaic pop-
ulation is exclusively ICM, the embryo is defined as “ICM mosaic,” and 
if exclusively TE, the embryo is “TE mosaic.” Finally, if all cells in the 
ICM are aneuploid and all cells in the TE are euploid (or vice versa), 
the embryo is “ICM/TE mosaic”. 

Factors contributing to the diagnosis of 
mosaicism 

Mosaicism may not be associated with maternal age [21]. Some 
authors suggested a slight increase in mosaicism in younger patients 
compared to women over 37 years of age [22]. In cases of low-de-
gree mosaicism and segmental aneuploidies, the incidence of mosa-
icism showed a negative correlation with maternal age [23,24]. Con-
trary to the effects of maternal age, ovarian response to stimulation 
was positively related to the occurrence of segmental aneuploidy. In 
one study, the oocyte vitrification and ovarian response showed no 
effect on the mosaicism rate [22]. 

A high proportion of mosaic embryos was found in couples with 
low sperm concentrations [25,26]. The prevalence of mosaic and 
chaotic aneuploidy in blastomeres ranges from 35% to 68% in oligo-
zoospermic and azoospermic men [27,28]. There is a higher propor-
tion of mosaic embryos in PGT-A cycles with male infertility com-
pared to patients with normal sperm parameters. The highest mosa-
icism rates were related to the severity of male infertility [25,26]. 

Technical laboratory factors may affect the quality of a biopsy and 
thus may affect the occurrence of mosaicism within the TE. The dif-

ferences in platform specificity and sensitivity, the protocols for DNA 
amplification, and the threshold settings established for interpreta-
tion can lead to differences in the proportion of mosaicism and the 
number of euploid embryos to transfer [29]. Other factors associated 
with the biopsy technique, including the conditions surrounding cell 
loading and the number of cells biopsied, can also affect the results 
[30]. The method of fertilization [31] and laboratory conditions, such 
as oxygen concentration, pH and osmolality in the embryo culture 
medium, and temperature are related to an increased rate of mosa-
icism [30]. 

Management: transfer of mosaic embryos 

Multiple factors determine the fate and viability of mosaic embry-
os, such as the degree of mosaicism in the biopsied sample, the spe-
cific type and number of chromosomes involved, and the type of 
mosaicism. 

1. Priority for mosaic embryo transfer 
In 2016, the position statement of the PGDIS recommended priori-

ties for mosaic embryo transfers based on the specific chromosome 
involved and the level of mosaicism [32]. In 2017, the World Congress 
on Controversies in Preconception, Preimplantation and Prenatal Ge-
netic Diagnosis highlighted the need for PGT-A in IVF practice and 
updated the PGDIS position statement on recommendations for clini-
cal practice [33]. In 2018, Grati et al. [34] published a study on the cho-
rionic villi samples (CVS) and products of conception (POC) after natu-
ral pregnancy to provide a practice guideline whereby mosaic embry-
os could lead to healthy live births. In 2020, Munne et al. [35] suggest-
ed classifying mosaic embryos into high- ( >50%) and low-level 
( <50%) groups, with preference for transferring single segmental 
mosaic embryos over other types of mosaicism. In 2021, Viotti et al. [4] 
formulated a ranking system using outcome data from one thousand 
mosaic embryo transfers for the prioritization of mosaic embryos in 
the clinical setting. They confirmed that combined mosaic embryos 
have significantly lower implantation and pregnancy rates than eu-
ploid embryos. They also found that the type and level of mosaicism 
had a significant impact on the embryo transfer outcomes. Their 
study helped to elucidate the problems presented by mosaic transfer 
and attempted to provide firm conclusions. Relevant medical society 
practice guidelines and recommendations, including the recent PG-
DIS 2021 guidelines [36], are summarized in Table 1. 

Despite these diverse ranking approaches, attempts to provide 
clinical recommendations for patients may yet be in early stages. Un-
certainty remains regarding related factors affecting the clinical out-
come data of mosaic embryo transfer. Some studies have suggested 
differences in live-birth rates based on the type and level of mosa-
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icism [38] or involvement of a full versus partial chromosome [39], 
while others have failed to find such significance using the same 
classification system [40]. 

2. The degree of mosaicism 
Chromosomal mosaicism has been defined as low-level mosa-

icism if abnormal cells are in the 30%–50% range and high-level mo-
saicism if abnormal cells are in the 50%–70% range using the NGS 
validation algorithm [41]. Clinical outcome data related to high- ver-
sus low-level mosaicism still show conflicting results. Some studies 
found that low-level mosaicism was related to improvement in on-
going pregnancy rates [38], while others did not find statistically sig-
nificant results [40,42,43]. Embryos with low-level mosaicism are 
more likely to develop into healthy babies than high-level mosaic 
embryos, whereas high-level mosaic embryos increase the risk of 
miscarriage [35,38,41,44]. A recent prospective study found that em-
bryos with more than 50% mosaicism have a significantly lower im-
plantation rate (24.4% vs. 54.6%; p < 0.002), clinical pregnancy rate 
(15.2% vs. 46.4%; p < 0.001), and live birth rate (15.2% vs. 46.6%; 
p < 0.001) compared to euploid embryos in the NGS profile [38]. Ca-
palbo et al. [6] showed that low- (20%–30%) or moderate-degree 
(30%–50%) mosaic embryo transfer yielded similar clinical and neo-
natal outcomes in a prospective double-blinded non-selection trial. 

3. Specific chromosomes involved 
The clinical outcomes of mosaicism can be highly dependent on 

the chromosomes involved. Autosomes were ranked in order of their 
risk of placental insufficiency, intrauterine growth restriction, and 
uniparental disomy (UPD). The mosaic trisomy 16 chromosome is 
commonly affected in preimplantation embryos and leads to a high 
risk of abnormal perinatal outcomes, such as intrauterine growth re-
striction, preterm birth, and hypertensive disorders [45]. Chromo-
somes X, 21, and 22 have been reported to be susceptible to whole 
chromosome errors [46-48]. Chromosomes 2, 6, 7, 11, 14, 15, 16, and 
20 are known to be associated with UPD [49,50]. Recent findings 
showed that chromosome length had a positive correlation with the 
mitotic error of each chromosome, but a negative correlation with 
the meiotic error of the preimplantation embryo [47,51]. 

Grati et al. [34] devised a scoring system for prioritizing mosaic 
embryo transfers based on the mosaic patterns observed in prenatal 
samples and products of conception and on the involvement of spe-
cific chromosomes. Mosaic trisomies 1, 3, 10, 12, and 19 had top pri-
ority for embryo transfer because of their low risk of deleterious out-
comes, whereas mosaic trisomies 13, 16, 18, 21, 45, and monosomy 
X had a high risk of nonviable births and should be avoided. Howev-
er, this system was limited by the difficulty found in assessing the de-
gree of mosaicism in preimplantation embryos based only on mo-

lecular and cytogenetic results.  

4. Monosomies versus trisomies  
Most monosomies arise from mitotic errors and most trisomies re-

sult from nondisjunction during maternal meiotic errors [17,52]. 
Since monosomic cells are less likely to be viable than trisomic cells 
[53], most monosomic cells are removed at the post-implantation 
phase [54,55]. Trisomic mosaicism can occur in live births with chro-
mosomal aneuploidy and is associated with cognitive and physical 
impairments [56]. Although PGDIS recommended the transfer of 
embryos with mosaic monosomies over those with mosaic trisomies 
in 2016 [32], this statement was updated and removed in 2019 [10]. 
In addition, some authors did not find a significant difference in 
pregnancy rates between monosomic and trisomic mosaic embryos 
[40]. According to the PGDIS guidelines, mosaic trisomies 1, 3, 4, 5, 6, 
8, 9, 10, 11, 12, 17, 19, 20, 22, X, and Y are preferred over mosaic triso-
mies 2, 7, 13, 14, 15, 16, 18, and 21 when mosaic trisomy is being 
considered for transfer [32]. Recent studies proposed that mosaic 
monosomies and mosaic trisomies have similar implantation rates 
(46% and 47.2%, respectively; p > 0.05) and ongoing pregnancy 
rates (36% and 33%, respectively; p > 0.05) [4,33]. 

5. Whole versus segmental aberrations 
When duplication or deletion errors occur in a small portion of 

DNA during mitotic division, the embryo will have a mosaic of the 
segmental error, allowing some cells to have a normal copy number 
of chromosomes and others to have segmental deletion or duplica-
tion of the chromosomes [57]. In one study, segmental gain or loss 
was affected in 25% of mosaicism [58]. Some authors suggested that 
the incidence of segmental mosaicism may be overestimated due to 
biological and technical errors [59]. Clinical perspectives of embryo 
mosaicism, with respect to full versus partial aneuploidies, have 
been inconsistent. Some studies have reported a higher clinical 
pregnancy rate in partial aneuploid mosaicism [39,42,60], while oth-
ers have not found a significant difference [40]. In the subgroup of 
segmental mosaic embryos, Viotti et al. [4] recently investigated clin-
ical outcomes after the transfer of 1,000 mosaic embryos and report-
ed similar implantation rates (51.6% vs. 57.2%; p = 0.001) and ongo-
ing pregnancy rates (43.1% vs. 52.3%; p = 0.001) compared to eu-
ploid embryos. Other recent studies also revealed that segmental 
mosaic embryos had clinical outcomes comparable to euploid em-
bryos [12,61]. 

Regarding chromosome type, large chromosomes such as chro-
mosomes 1 to 9 are prone to breakage, resulting in segmental mosa-
icism [62,63], while a significantly lower percentage of copy number 
errors were observed in small chromosomes and acrocentric chro-
mosomes (e.g., chromosomes 19, 21, 22, and Y) [64,65]. 
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Segmental aneuploidies originate because of mitotic errors during 
preimplantation development [24]. This is related to blastocyst mor-
phology, not to maternal age or clinical and embryological parame-
ters [66]. A previous multicenter study of 822 mosaic embryo trans-
fers demonstrated that the reproductive potential of mosaic embry-
os is affected by the number of euploid cells and the complexity in 
the TE biopsy sample [67]. The embryos with segmental aneuploidy 
had better clinical outcomes than mosaic embryos with one or two 
involved chromosomes (implantation rate: p < 0.001, ongoing preg-
nancy rate/birth rate: p < 0.001). 

6. The number of chromosomes involved (single versus double 
versus complex aneuploidies) 

Several studies found reduced pregnancy capacity in mosaic em-
bryos that had three or more chromosomes involved [40] and in seg-
mental mosaicism that had two or more chromosomes involved [42], 
whereas other studies did not report clinically significant differences 
between mosaic embryos involving one or two chromosomes 
[40,68]. Complex mosaic embryos had the lowest implantation rates 
among single aneuploid, double aneuploid, and segmental mosaic 
embryos [40].  

Genetic counseling  

A recent statement by the American Society for Reproductive 
Medicine highlighted the importance of patient education prior to 
PGT-A [37]. Before the transfer of mosaic embryos, counseling should 
include a discussion of the potential challenges in interpreting mo-
saic results, the potential risks of mosaic embryo transfers, and the 
limited neonatal outcome data available. In addition, counseling 
should provide information regarding the genetic advantages, risks, 
and limitations of a prenatal diagnosis. Thus far, most prenatal test-
ing results after mosaic embryo transfers have shown normal healthy 
fetuses with no specific chromosomal abnormalities [3]. However, 
we found two reports of babies with abnormal karyotypes: a baby 
with 15q duplication syndrome after transfer of a 57% segmental 
mosaic embryo [69] and a healthy baby with 2% mosaic monosomy 

2 after transfer of a 35% mosaic monosomy 2 embryo [70]. 
Patients should be informed about the risk of mosaicism in a biop-

sy specimen, the complexities of the various possible outcomes after 
transfer of a mosaic embryo, and the need for close prenatal moni-
toring, including amniocentesis. Until definitive data is available, pa-
tients should be advised to go through additional cycles if possible 
to obtain euploid embryos instead of transferring a mosaic embryo. 
A schematic prioritization of mosaic embryos according to clinical 
outcomes is shown in Table 2. 

Prenatal diagnosis after transfer of mosaic 
embryos 

If a pregnancy has been confirmed after mosaic embryo transfer, 
prenatal diagnosis is recommended to identify fetal chromosomes 
and other genetic conditions. Although evidence-based guidance 
for prenatal testing after mosaic embryo transfer is still lacking, most 
practice statements consistently recommend amniocentesis as the 
gold standard for prenatal diagnosis [32,33,37,71]. Karyotyping of 
the amniocytes obtained by amniocentesis is done to diagnose an-
euploidy in the fetus [72]. CVS can be useful for patients seeking a di-
agnosis during the first trimester; however, CVS results represent pla-
cental cells derived from the TE. Thus, mosaic findings detected using 
CVS may indicate placental mosaicism, and follow-up amniocentesis 
is required to clarify the results. The major advantage of amniocente-
sis is the ability to analyze fetal cells directly, but it may miss low-level 
mosaicism. Therefore, amniocentesis best represents the chromo-
some complement within fetal tissues, but patients should know 
that some mosaicism may not be detectable. Depending on the 
PGT-A result, further analysis of prenatal samples should also be con-
sidered; chromosomal microarray can be performed if segmental 
aneuploidy or UPD is involved [37,73]. Cell-free DNA (cfDNA) testing, 
also known as noninvasive prenatal testing (NIPT), has not been vali-
dated to detect mosaicism because NIPT analyzes circulating cfDNA 
fragments in the maternal plasma derived from both the mother’s 
and apoptotic trophoblasts, but not from the fetus itself [74]. 

Table 2. Schematic prioritization of mosaic embryo classified according to favorable clinical outcomes

Priority Percentage of mosaicism
Monosomy vs. 

trisomy
Segmental vs. 

whole chromosome
Specific chromosomes involved

No. of Chr involved (single 
vs. double vs. complex)

Low clinical risk Low ( < 50%) Monosomy Segmental Chr 1, 3, 4, 5, 6, 10, 12, 17, 19, 20, 22, X, Y Single
High clinical risk High ( > 50%) Trisomy Whole Chr 13, 18, 21: best-avoided Complex

Chr 6, 7, 11, 14, 15, 20: UPD risk
Chr 2, 16: IUGR risk
Chr 8, 9: aneuploidy viability

Chr, chromosome; UPD, uniparental disomy; IUGR, intrauterine growth restriction.
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Conclusion 

Although interest in mosaic embryo transfers is increasing, the de-
bate over whether mosaic embryos can be transferred is ongoing. In 
practice, the identification of mosaic subgroups that are viable and 
worthy of transfer is very important, but it is also vital to inform pa-
tients that the data on postnatal and neonatal outcomes following 
mosaic embryo transfers are still limited and that clinical outcomes 
have been mixed. We emphasize the need for further research on 
the genetic and clinical outcomes of mosaic embryo transfers. Large-
scale multicenter studies would be of particular value in collecting 
data for the risk evaluation of mosaic embryo transfers and could po-
tentially reduce the disposal of viable embryos for implantation and 
live births. 

Conflict of interest 

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

ORCID

Eun Jeong Yu https://orcid.org/0000-0003-0986-1184
Min Jee Kim https://orcid.org/0000-0001-5848-4173
Eun A Park https://orcid.org/0000-0003-0575-3119
Inn Soo Kang https://orcid.org/0000-0001-8551-3355

Author contributions  

Conceptualization: ISK. Writing–original draft: EJY. Writing–review 
& editing: all authors.  

References 

1. Gutierrez-Mateo C, Colls P, Sanchez-Garcia J, Escudero T, Prates R, 
Ketterson K, et al. Validation of microarray comparative genomic 
hybridization for comprehensive chromosome analysis of embry-
os. Fertil Steril 2011;95:953–8. 

2. Paulson RJ, Treff NR. Isn't it time to stop calling preimplantation 
embryos "mosaic"? F S Rep 2020;1:164–5. 

3. Abhari S, Kawwass JF. Pregnancy and neonatal outcomes after 
transfer of mosaic embryos: a review. J Clin Med 2021;10:1369. 

4. Viotti M, Victor AR, Barnes FL, Zouves CG, Besser AG, Grifo JA, et al. 
Using outcome data from one thousand mosaic embryo transfers 
to formulate an embryo ranking system for clinical use. Fertil Ster-
il 2021;115:1212–24. 

5. Greco E, Minasi MG, Fiorentino F. Healthy babies after intrauterine 

transfer of mosaic aneuploid blastocysts. N Engl J Med 2015;373: 
2089–90. 

6. Capalbo A, Poli M, Rienzi L, Girardi L, Patassini C, Fabiani M, et al. 
Mosaic human preimplantation embryos and their developmen-
tal potential in a prospective, non-selection clinical trial. Am J 
Hum Genet 2021;108:2238–47. 

7. Yakovlev P, Vyatkina S, Polyakov A, Pavlova M, Volkomorov V, Ya-
kovlev M, et al. Neonatal and clinical outcomes after transfer of a 
mosaic embryo identified by preimplantation genetic testing for 
aneuploidies. Reprod Biomed Online 2022;45:88–100. 

8. Zhang YX, Chen JJ, Nabu S, Yeung QS, Li Y, Tan JH, et al. The preg-
nancy outcome of mosaic embryo transfer: a prospective multi-
center study and meta-analysis. Genes (Basel) 2020;11:973. 

9. Gleicher N, Barad DH, Ben-Rafael Z, Glujovsky D, Mochizuki L, 
Modi D, et al. Commentary on two recently published formal 
guidelines on management of "mosaic" embryos after preim-
plantation genetic testing for aneuploidy (PGT-A). Reprod Biol 
Endocrinol 2021;19:23. 

10. Cram DS, Leigh D, Handyside A, Rechitsky L, Xu K, Harton G, et al. 
PGDIS position statement on the transfer of mosaic embryos 
2019. Reprod Biomed Online 2019;39 Suppl 1:e1–4. 

11. Gleicher N, Albertini DF, Barad DH, Homer H, Modi D, Murtinger M, 
et al. The 2019 PGDIS position statement on transfer of mosaic 
embryos within a context of new information on PGT-A. Reprod 
Biol Endocrinol 2020;18:57. 

12. Tiegs AW, Tao X, Zhan Y, Whitehead C, Kim J, Hanson B, et al. A 
multicenter, prospective, blinded, nonselection study evaluating 
the predictive value of an aneuploid diagnosis using a targeted 
next-generation sequencing-based preimplantation genetic test-
ing for aneuploidy assay and impact of biopsy. Fertil Steril 
2021;115:627–37. 

13. Levy B, Hoffmann ER, McCoy RC, Grati FR. Chromosomal mosa-
icism: origins and clinical implications in preimplantation and 
prenatal diagnosis. Prenat Diagn 2021;41:631–41. 

14. Gleicher N, Patrizio P, Brivanlou A. Preimplantation genetic testing 
for aneuploidy: a castle built on sand. Trends Mol Med 2021;27: 
731–42. 

15. Capalbo A, Rienzi L. Mosaicism between trophectoderm and in-
ner cell mass. Fertil Steril 2017;107:1098–106. 

16. Mertzanidou A, Wilton L, Cheng J, Spits C, Vanneste E, Moreau Y, et 
al. Microarray analysis reveals abnormal chromosomal comple-
ments in over 70% of 14 normally developing human embryos. 
Hum Reprod 2013;28:256–64. 

17. Johnson DS, Cinnioglu C, Ross R, Filby A, Gemelos G, Hill M, et al. 
Comprehensive analysis of karyotypic mosaicism between tro-
phectoderm and inner cell mass. Mol Hum Reprod 2010;16:944–9. 

18. Capalbo A, Wright G, Elliott T, Ubaldi FM, Rienzi L, Nagy ZP. FISH re-

https://doi.org/10.5653/cerm.2022.05393164

Clin Exp Reprod Med 2022;49(3):159-167

https://doi.org/10.1016/j.fertnstert.2010.09.010
https://doi.org/10.1016/j.fertnstert.2010.09.010
https://doi.org/10.1016/j.fertnstert.2010.09.010
https://doi.org/10.1016/j.fertnstert.2010.09.010
https://doi.org/10.1016/j.xfre.2020.10.009
https://doi.org/10.1016/j.xfre.2020.10.009
https://doi.org/10.3390/jcm10071369
https://doi.org/10.3390/jcm10071369
https://doi.org/10.1016/j.fertnstert.2020.11.041
https://doi.org/10.1016/j.fertnstert.2020.11.041
https://doi.org/10.1016/j.fertnstert.2020.11.041
https://doi.org/10.1016/j.fertnstert.2020.11.041
https://doi.org/10.1056/nejmc1500421
https://doi.org/10.1056/nejmc1500421
https://doi.org/10.1056/nejmc1500421
https://doi.org/10.1016/j.ajhg.2021.11.002
https://doi.org/10.1016/j.ajhg.2021.11.002
https://doi.org/10.1016/j.ajhg.2021.11.002
https://doi.org/10.1016/j.ajhg.2021.11.002
https://doi.org/10.1016/j.rbmo.2022.01.010
https://doi.org/10.1016/j.rbmo.2022.01.010
https://doi.org/10.1016/j.rbmo.2022.01.010
https://doi.org/10.1016/j.rbmo.2022.01.010
https://doi.org/10.3390/genes11090973
https://doi.org/10.3390/genes11090973
https://doi.org/10.3390/genes11090973
https://doi.org/10.1186/s12958-021-00716-1
https://doi.org/10.1186/s12958-021-00716-1
https://doi.org/10.1186/s12958-021-00716-1
https://doi.org/10.1186/s12958-021-00716-1
https://doi.org/10.1016/j.rbmo.2019.06.012
https://doi.org/10.1016/j.rbmo.2019.06.012
https://doi.org/10.1016/j.rbmo.2019.06.012
https://doi.org/10.1186/s12958-020-00616-w
https://doi.org/10.1186/s12958-020-00616-w
https://doi.org/10.1186/s12958-020-00616-w
https://doi.org/10.1186/s12958-020-00616-w
https://doi.org/10.1016/j.fertnstert.2020.07.052
https://doi.org/10.1016/j.fertnstert.2020.07.052
https://doi.org/10.1016/j.fertnstert.2020.07.052
https://doi.org/10.1016/j.fertnstert.2020.07.052
https://doi.org/10.1002/pd.5931
https://doi.org/10.1002/pd.5931
https://doi.org/10.1002/pd.5931
https://doi.org/10.1016/j.molmed.2020.11.009
https://doi.org/10.1016/j.molmed.2020.11.009
https://doi.org/10.1016/j.molmed.2020.11.009
https://doi.org/10.1016/j.fertnstert.2017.03.023
https://doi.org/10.1016/j.fertnstert.2017.03.023
https://doi.org/10.1093/humrep/des362
https://doi.org/10.1093/humrep/des362
https://doi.org/10.1093/humrep/des362
https://doi.org/10.1093/humrep/des362
https://doi.org/10.1093/molehr/gaq062
https://doi.org/10.1093/molehr/gaq062
https://doi.org/10.1093/molehr/gaq062
https://doi.org/10.1093/humrep/det245


analysis of inner cell mass and trophectoderm samples of previ-
ously array-CGH screened blastocysts shows high accuracy of di-
agnosis and no major diagnostic impact of mosaicism at the 
blastocyst stage. Hum Reprod 2013;28:2298–307. 

19. Liu J, Wang W, Sun X, Liu L, Jin H, Li M, et al. DNA microarray re-
veals that high proportions of human blastocysts from women of 
advanced maternal age are aneuploid and mosaic. Biol Reprod 
2012;87:148. 

20. Vera-Rodriguez M, Rubio C. Assessing the true incidence of mosa-
icism in preimplantation embryos. Fertil Steril 2017;107:1107–12. 

21. Daphnis DD, Delhanty JD, Jerkovic S, Geyer J, Craft I, Harper JC. 
Detailed FISH analysis of day 5 human embryos reveals the 
mechanisms leading to mosaic aneuploidy. Hum Reprod 2005; 
20:129–37. 

22. Rubio C, Rodrigo L, Garcia-Pascual C, Peinado V, Campos-Galindo I, 
Garcia-Herrero S, et al. Clinical application of embryo aneuploidy 
testing by next-generation sequencing. Biol Reprod 2019;101: 
1083–90. 

23. Girardi L, Serdarogullari M, Patassini C, Poli M, Fabiani M, Caroselli 
S, et al. Incidence, origin, and predictive model for the detection 
and clinical management of segmental aneuploidies in human 
embryos. Am J Hum Genet 2020;106:525– 34.  

24. Babariya D, Fragouli E, Alfarawati S, Spath K, Wells D. The incidence 
and origin of segmental aneuploidy in human oocytes and pre-
implantation embryos. Hum Reprod 2017;32:2549–60. 

25. Tarozzi N, Nadalini M, Lagalla C, Coticchio G, Zaca C, Borini A. Male 
factor infertility impacts the rate of mosaic blastocysts in cycles of 
preimplantation genetic testing for aneuploidy. J Assist Reprod 
Genet 2019;36:2047–55. 

26. Kahraman S, Sahin Y, Yelke H, Kumtepe Y, Tufekci MA, Yapan CC, et 
al. High rates of aneuploidy, mosaicism and abnormal morphoki-
netic development in cases with low sperm concentration. J As-
sist Reprod Genet 2020;37:629–40. 

27. Silber S, Escudero T, Lenahan K, Abdelhadi I, Kilani Z, Munne S. 
Chromosomal abnormalities in embryos derived from testicular 
sperm extraction. Fertil Steril 2003;79:30–8. 

28. Rodrigo L, Peinado V, Mateu E, Remohi J, Pellicer A, Simon C, et al. 
Impact of different patterns of sperm chromosomal abnormali-
ties on the chromosomal constitution of preimplantation embry-
os. Fertil Steril 2010;94:1380–6. 

29. Garcia-Pascual CM, Navarro-Sanchez L, Navarro R, Martinez L, 
Jimenez J, Rodrigo L, et al. Optimized NGS approach for detection 
of aneuploidies and mosaicism in PGT-A and imbalances in PGT-
SR. Genes (Basel) 2020;11:724. 

30. Swain JE. Controversies in ART: can the IVF laboratory influence 
preimplantation embryo aneuploidy? Reprod Biomed Online 
2019;39:599–607. 

31. Palmerola KL, Vitez SF, Amrane S, Fischer CP, Forman EJ. Minimiz-
ing mosaicism: assessing the impact of fertilization method on 
rate of mosaicism after next-generation sequencing (NGS) preim-
plantation genetic testing for aneuploidy (PGT-A). J Assist Reprod 
Genet 2019;36:153–7. 

32. PGDIS. PGDIS position statement on chromosome mosaicism and 
preimplantation aneuploidy testing at the blastocyst stage [Inter-
net]. Northbrook: PGDIS; 2016 [cited 2022 Aug 10]. Available 
from: http://www.pgdis.org/docs/newsletter_071816.html.

33. IVF-Worldwide.com. COGEN position statement on chromosomal 
mosaicism detected in preimplantation blastocyst biopsies [In-
ternet]. IVF-Worldwide.com; 2017 [cited 2022 Aug 10]. Available 
from: https://ivf-worldwide.com/cogen/oep/publications/co-
gen-position-statement-on-chromosomal-mosaicism-detect-
ed-in-preimplantation-blastocyst-biopsies.html.

34. Grati FR, Gallazzi G, Branca L, Maggi F, Simoni G, Yaron Y. An evi-
dence-based scoring system for prioritizing mosaic aneuploid 
embryos following preimplantation genetic screening. Reprod 
Biomed Online 2018;36:442–9. 

35. Munne S, Spinella F, Grifo J, Zhang J, Beltran MP, Fragouli E, et al. 
Clinical outcomes after the transfer of blastocysts characterized 
as mosaic by high resolution next generation sequencing-further 
insights. Eur J Med Genet 2020;63:103741. 

36. Leigh D, Cram DS, Rechitsky S, Handyside A, Wells D, Munne S, et 
al. PGDIS position statement on the transfer of mosaic embryos 
2021. Reprod Biomed Online 2022;45:19–25. 

37. Practice Committee and Genetic Counseling Professional Group 
(GCPG) of the American Society for Reproductive Medicine. Clini-
cal management of mosaic results from preimplantation genetic 
testing for aneuploidy (PGT-A) of blastocysts: a committee opin-
ion. Fertil Steril 2020;114:246–54. 

38. Spinella F, Fiorentino F, Biricik A, Bono S, Ruberti A, Cotroneo E, et 
al. Extent of chromosomal mosaicism influences the clinical out-
come of in vitro fertilization treatments. Fertil Steril 2018;109:77–
83. 

39. Fragouli E, Alfarawati S, Spath K, Babariya D, Tarozzi N, Borini A, et 
al. Analysis of implantation and ongoing pregnancy rates follow-
ing the transfer of mosaic diploid-aneuploid blastocysts. Hum 
Genet 2017;136:805–19. 

40. Munne S, Blazek J, Large M, Martinez-Ortiz PA, Nisson H, Liu E, et 
al. Detailed investigation into the cytogenetic constitution and 
pregnancy outcome of replacing mosaic blastocysts detected 
with the use of high-resolution next-generation sequencing. Fer-
til Steril 2017;108:62–71.e8. 

41. Lin PY, Lee CI, Cheng EH, Huang CC, Lee TH, Shih HH, et al. Clinical 
outcomes of single mosaic embryo transfer: high-level or low-lev-
el mosaic embryo, does it matter? J Clin Med 2020;9:1695. 

www.eCERM.org 165

EJ Yu et al. The management of mosaic embryos

https://doi.org/10.1093/humrep/det245
https://doi.org/10.1093/humrep/det245
https://doi.org/10.1093/humrep/det245
https://www.ncbi.nlm.nih.gov/pubmed/23136294
https://www.ncbi.nlm.nih.gov/pubmed/23136294
https://www.ncbi.nlm.nih.gov/pubmed/23136294
https://www.ncbi.nlm.nih.gov/pubmed/23136294
https://doi.org/10.1016/j.fertnstert.2017.03.019
https://doi.org/10.1016/j.fertnstert.2017.03.019
https://doi.org/10.1093/humrep/deh554
https://doi.org/10.1093/humrep/deh554
https://doi.org/10.1093/humrep/deh554
https://doi.org/10.1093/humrep/deh554
https://doi.org/10.1093/biolre/ioz019
https://doi.org/10.1093/biolre/ioz019
https://doi.org/10.1093/biolre/ioz019
https://doi.org/10.1093/biolre/ioz019
https://doi.org/10.1016/j.ajhg.2020.03.005
https://doi.org/10.1016/j.ajhg.2020.03.005
https://doi.org/10.1016/j.ajhg.2020.03.005
https://doi.org/10.1016/j.ajhg.2020.03.005
https://doi.org/10.1093/humrep/dex324
https://doi.org/10.1093/humrep/dex324
https://doi.org/10.1093/humrep/dex324
https://doi.org/10.1007/s10815-019-01584-w
https://doi.org/10.1007/s10815-019-01584-w
https://doi.org/10.1007/s10815-019-01584-w
https://doi.org/10.1007/s10815-019-01584-w
https://doi.org/10.1007/s10815-019-01673-w
https://doi.org/10.1007/s10815-019-01673-w
https://doi.org/10.1007/s10815-019-01673-w
https://doi.org/10.1007/s10815-019-01673-w
https://doi.org/10.1016/s0015-0282(02)04407-2
https://doi.org/10.1016/s0015-0282(02)04407-2
https://doi.org/10.1016/s0015-0282(02)04407-2
https://doi.org/10.1016/j.fertnstert.2009.05.061
https://doi.org/10.1016/j.fertnstert.2009.05.061
https://doi.org/10.1016/j.fertnstert.2009.05.061
https://doi.org/10.1016/j.fertnstert.2009.05.061
https://doi.org/10.3390/genes11070724
https://doi.org/10.3390/genes11070724
https://doi.org/10.3390/genes11070724
https://doi.org/10.3390/genes11070724
https://doi.org/10.1016/j.rbmo.2019.06.009
https://doi.org/10.1016/j.rbmo.2019.06.009
https://doi.org/10.1016/j.rbmo.2019.06.009
https://doi.org/10.1007/s10815-018-1347-6
https://doi.org/10.1007/s10815-018-1347-6
https://doi.org/10.1007/s10815-018-1347-6
https://doi.org/10.1007/s10815-018-1347-6
http://www.pgdis.org/docs/newsletter_071816.html.
https://ivf-worldwide.com/cogen/oep/publications/cogen-position-statement-on-chromosomal-mosaicism-detected-in-preimplantation-blastocyst-biopsies.html.
https://ivf-worldwide.com/cogen/oep/publications/cogen-position-statement-on-chromosomal-mosaicism-detected-in-preimplantation-blastocyst-biopsies.html.
https://ivf-worldwide.com/cogen/oep/publications/cogen-position-statement-on-chromosomal-mosaicism-detected-in-preimplantation-blastocyst-biopsies.html.
https://doi.org/10.1016/j.rbmo.2018.01.005
https://doi.org/10.1016/j.rbmo.2018.01.005
https://doi.org/10.1016/j.rbmo.2018.01.005
https://doi.org/10.1016/j.rbmo.2018.01.005
https://doi.org/10.1016/j.ejmg.2019.103741
https://doi.org/10.1016/j.ejmg.2019.103741
https://doi.org/10.1016/j.ejmg.2019.103741
https://doi.org/10.1016/j.ejmg.2019.103741
https://doi.org/10.1016/j.rbmo.2022.03.013
https://doi.org/10.1016/j.rbmo.2022.03.013
https://doi.org/10.1016/j.rbmo.2022.03.013
https://doi.org/10.1016/j.fertnstert.2017.09.025
https://doi.org/10.1016/j.fertnstert.2017.09.025
https://doi.org/10.1007/s00439-017-1797-4
https://doi.org/10.1007/s00439-017-1797-4
https://doi.org/10.1007/s00439-017-1797-4
https://doi.org/10.1007/s00439-017-1797-4
https://doi.org/10.1016/j.fertnstert.2017.05.002
https://doi.org/10.1016/j.fertnstert.2017.05.002
https://doi.org/10.1016/j.fertnstert.2017.05.002
https://doi.org/10.1016/j.fertnstert.2017.05.002
https://doi.org/10.3390/jcm9061695
https://doi.org/10.3390/jcm9061695
https://doi.org/10.3390/jcm9061695
https://doi.org/10.3390/jcm9061695
https://doi.org/10.1016/j.fertnstert.2018.10.019
https://doi.org/10.1016/j.fertnstert.2018.10.019
https://doi.org/10.1016/j.fertnstert.2018.10.019


42. Victor AR, Tyndall JC, Brake AJ, Lepkowsky LT, Murphy AE, Griffin 
DK, et al. One hundred mosaic embryos transferred prospectively 
in a single clinic: exploring when and why they result in healthy 
pregnancies. Fertil Steril 2019;111:280–93. 

43. Kushnir VA, Darmon SK, Barad DH, Gleicher N. Degree of mosa-
icism in trophectoderm does not predict pregnancy potential: a 
corrected analysis of pregnancy outcomes following transfer of 
mosaic embryos. Reprod Biol Endocrinol 2018;16:6. 

44. Lee CI, Cheng EH, Lee MS, Lin PY, Chen YC, Chen CH, et al. Healthy 
live births from transfer of low-mosaicism embryos after preim-
plantation genetic testing for aneuploidy. J Assist Reprod Genet 
2020;37:2305–13. 

45. Grau Madsen S, Uldbjerg N, Sunde L, Becher N; Danish Fetal Medi-
cine Study Group; Danish Clinical Genetics Study Group. Progno-
sis for pregnancies with trisomy 16 confined to the placenta: a 
Danish cohort study. Prenat Diagn 2018;38:1103–10. 

46. Rius M, Daina G, Obradors A, Ramos L, Velilla E, Fernandez S, et al. 
Comprehensive embryo analysis of advanced maternal age-relat-
ed aneuploidies and mosaicism by short comparative genomic 
hybridization. Fertil Steril 2011;95:413–6. 

47. McCoy RC, Demko ZP, Ryan A, Banjevic M, Hill M, Sigurjonsson S, 
et al. Evidence of selection against complex mitotic-origin aneu-
ploidy during preimplantation development. PLoS Genet 2015; 
11:e1005601. 

48. Harton GL, Cinnioglu C, Fiorentino F. Current experience concern-
ing mosaic embryos diagnosed during preimplantation genetic 
screening. Fertil Steril 2017;107:1113–9. 

49. Dawson AJ, McGowan-Jordan J, Chernos J, Xu J, Lavoie J, Wang JC, 
et al. Canadian college of medical geneticists guidelines for the 
indications, analysis, and reporting of cancer specimens. Curr On-
col 2011;18:e250–5.  

50. Kearney HM, Kearney JB, Conlin LK. Diagnostic implications of ex-
cessive homozygosity detected by SNP-based microarrays: con-
sanguinity, uniparental disomy, and recessive single-gene muta-
tions. Clin Lab Med 2011;31:595–613. 

51. Chuang TH, Chang YP, Lee MJ, Wang HL, Lai HH, Chen SU. The inci-
dence of mosaicism for individual chromosome in human blasto-
cysts is correlated with chromosome length. Front Genet 2021; 
11:565348. 

52. Johnson DS, Gemelos G, Baner J, Ryan A, Cinnioglu C, Banjevic M, 
et al. Preclinical validation of a microarray method for full molec-
ular karyotyping of blastomeres in a 24-h protocol. Hum Reprod 
2010;25:1066–75. 

53. Bunnell ME, Wilkins-Haug L, Reiss R. Should embryos with autoso-
mal monosomy by preimplantation genetic testing for aneuploi-
dy be transferred? Implications for embryo selection from a sys-
tematic literature review of autosomal monosomy survivors. 

Prenat Diagn 2017;37:1273–80. 
54. Rubio C, Rodrigo L, Mercader A, Mateu E, Buendia P, Pehlivan T, et 

al. Impact of chromosomal abnormalities on preimplantation 
embryo development. Prenat Diagn 2007;27:748–56. 

55. Barbash-Hazan S, Frumkin T, Malcov M, Yaron Y, Cohen T, Azem F, 
et al. Preimplantation aneuploid embryos undergo self-correc-
tion in correlation with their developmental potential. Fertil Steril 
2009;92:890–6. 

56. Sachdev NM, Maxwell SM, Besser AG, Grifo JA. Diagnosis and clin-
ical management of embryonic mosaicism. Fertil Steril 2017;107: 
6–11. 

57. Treff NR, Franasiak JM. Detection of segmental aneuploidy and 
mosaicism in the human preimplantation embryo: technical con-
siderations and limitations. Fertil Steril 2017;107:27–31. 

58. Coll L, Parriego M, Mateo S, Garcia-Monclus S, Rodriguez I, Boada 
M, et al. Prevalence, types and possible factors influencing mosa-
icism in IVF blastocysts: results from a single setting. Reprod 
Biomed Online 2021;42:55–65. 

59. Lai HH, Chuang TH, Wong LK, Lee MJ, Hsieh CL, Wang HL, et al. 
Identification of mosaic and segmental aneuploidies by next-gen-
eration sequencing in preimplantation genetic screening can im-
prove clinical outcomes compared to array-comparative genomic 
hybridization. Mol Cytogenet 2017;10:14. 

60. Zhang L, Wei D, Zhu Y, Gao Y, Yan J, Chen ZJ. Rates of live birth after 
mosaic embryo transfer compared with euploid embryo transfer. 
J Assist Reprod Genet 2019;36:165–72. 

61. Wang L, Wang X, Liu Y, Ou X, Li M, Chen L, et al. IVF embryo choic-
es and pregnancy outcomes. Prenat Diagn 2021;41:1709–17. 

62. Nakhuda G, Jing C, Butler R, Guimond C, Hitkari J, Taylor E, et al. 
Frequencies of chromosome-specific mosaicisms in trophoecto-
derm biopsies detected by next-generation sequencing. Fertil 
Steril 2018;109:857–65. 

63. Capalbo A, Rienzi L, Cimadomo D, Maggiulli R, Elliott T, Wright G, 
et al. Correlation between standard blastocyst morphology, eu-
ploidy and implantation: an observational study in two centers 
involving 956 screened blastocysts. Hum Reprod 2014;29:1173–
81. 

64. Franasiak JM, Forman EJ, Hong KH, Werner MD, Upham KM, Treff 
NR, et al. Aneuploidy across individual chromosomes at the em-
bryonic level in trophectoderm biopsies: changes with patient 
age and chromosome structure. J Assist Reprod Genet 2014;31: 
1501–9. 

65. Iwarsson E, Malmgren H, Inzunza J, Ahrlund-Richter L, Sjoblom P, 
Rosenlund B, et al. Highly abnormal cleavage divisions in preim-
plantation embryos from translocation carriers. Prenat Diagn 
2000;20:1038–47. 

66. Fragouli E, Alfarawati S, Spath K, Jaroudi S, Sarasa J, Enciso M, et al. 

https://doi.org/10.5653/cerm.2022.05393166

Clin Exp Reprod Med 2022;49(3):159-167

https://doi.org/10.1186/s12958-018-0322-5
https://doi.org/10.1186/s12958-018-0322-5
https://doi.org/10.1186/s12958-018-0322-5
https://doi.org/10.1186/s12958-018-0322-5
https://doi.org/10.1007/s10815-020-01876-6
https://doi.org/10.1007/s10815-020-01876-6
https://doi.org/10.1007/s10815-020-01876-6
https://doi.org/10.1007/s10815-020-01876-6
https://doi.org/10.1002/pd.5370
https://doi.org/10.1002/pd.5370
https://doi.org/10.1002/pd.5370
https://doi.org/10.1002/pd.5370
https://doi.org/10.1016/j.fertnstert.2010.07.1051
https://doi.org/10.1016/j.fertnstert.2010.07.1051
https://doi.org/10.1016/j.fertnstert.2010.07.1051
https://doi.org/10.1016/j.fertnstert.2010.07.1051
https://doi.org/10.1371/journal.pgen.1005601
https://doi.org/10.1371/journal.pgen.1005601
https://doi.org/10.1371/journal.pgen.1005601
https://doi.org/10.1371/journal.pgen.1005601
https://doi.org/10.1016/j.fertnstert.2017.03.016
https://doi.org/10.1016/j.fertnstert.2017.03.016
https://doi.org/10.1016/j.fertnstert.2017.03.016
https://doi.org/10.1016/j.fertnstert.2017.03.016
https://doi.org/10.3747/co.v18i5.775
https://doi.org/10.3747/co.v18i5.775
https://doi.org/10.3747/co.v18i5.775
https://doi.org/10.1016/j.cll.2011.08.003
https://doi.org/10.1016/j.cll.2011.08.003
https://doi.org/10.1016/j.cll.2011.08.003
https://doi.org/10.1016/j.cll.2011.08.003
https://doi.org/10.3389/fgene.2020.565348
https://doi.org/10.3389/fgene.2020.565348
https://doi.org/10.3389/fgene.2020.565348
https://doi.org/10.3389/fgene.2020.565348
https://doi.org/10.1093/humrep/dep452
https://doi.org/10.1093/humrep/dep452
https://doi.org/10.1093/humrep/dep452
https://doi.org/10.1093/humrep/dep452
https://doi.org/10.1002/pd.5185
https://doi.org/10.1002/pd.5185
https://doi.org/10.1002/pd.5185
https://doi.org/10.1002/pd.5185
https://doi.org/10.1002/pd.1773
https://doi.org/10.1002/pd.1773
https://doi.org/10.1002/pd.1773
https://doi.org/10.1002/pd.1773
https://doi.org/10.1016/j.fertnstert.2008.07.1761
https://doi.org/10.1016/j.fertnstert.2008.07.1761
https://doi.org/10.1016/j.fertnstert.2008.07.1761
https://doi.org/10.1016/j.fertnstert.2016.10.006
https://doi.org/10.1016/j.fertnstert.2016.10.006
https://doi.org/10.1016/j.fertnstert.2016.10.006
https://doi.org/10.1016/j.fertnstert.2016.10.006
https://doi.org/10.1016/j.fertnstert.2016.09.039
https://doi.org/10.1016/j.fertnstert.2016.09.039
https://doi.org/10.1016/j.fertnstert.2016.09.039
https://doi.org/10.1016/j.rbmo.2020.09.025
https://doi.org/10.1016/j.rbmo.2020.09.025
https://doi.org/10.1016/j.rbmo.2020.09.025
https://doi.org/10.1186/s13039-017-0315-7
https://doi.org/10.1186/s13039-017-0315-7
https://doi.org/10.1186/s13039-017-0315-7
https://doi.org/10.1186/s13039-017-0315-7
https://doi.org/10.1007/s10815-018-1322-2
https://doi.org/10.1007/s10815-018-1322-2
https://doi.org/10.1007/s10815-018-1322-2
https://doi.org/10.1007/s10815-018-1322-2
https://doi.org/10.1002/pd.6042
https://doi.org/10.1002/pd.6042
https://doi.org/10.1002/pd.6042
https://doi.org/10.1016/j.fertnstert.2018.01.011
https://doi.org/10.1016/j.fertnstert.2018.01.011
https://doi.org/10.1093/humrep/deu033
https://doi.org/10.1093/humrep/deu033
https://doi.org/10.1093/humrep/deu033
https://doi.org/10.1093/humrep/deu033
https://doi.org/10.1007/s10815-014-0333-x
https://doi.org/10.1007/s10815-014-0333-x
https://doi.org/10.1007/s10815-014-0333-x
https://doi.org/10.1007/s10815-014-0333-x
https://doi.org/10.1002/1097-0223(200012)20:13<1038::aid-pd976>3.0.co;2-8
https://doi.org/10.1002/1097-0223(200012)20:13<1038::aid-pd976>3.0.co;2-8
https://doi.org/10.1002/1097-0223(200012)20:13<1038::aid-pd976>3.0.co;2-8
https://doi.org/10.1002/1097-0223(200012)20:13<1038::aid-pd976>3.0.co;2-8
https://doi.org/10.1007/s00439-013-1309-0
https://doi.org/10.1007/s00439-013-1309-0
https://doi.org/10.1007/s00439-013-1309-0
https://doi.org/10.1007/s00439-013-1309-0
https://doi.org/10.1186/s12958-019-0515-6


The origin and impact of embryonic aneuploidy. Hum Genet 2013; 
132:1001–13. 

67. Escriba MJ, Vendrell X, Peinado V. Segmental aneuploidy in hu-
man blastocysts: a qualitative and quantitative overview. Reprod 
Biol Endocrinol 2019;17:76. 

68. Lledo B, Morales R, Ortiz JA, Blanca H, Ten J, Llacer J, et al. Implan-
tation potential of mosaic embryos. Syst Biol Reprod Med 2017; 
63:206–8. 

69. Mounts EL, Zhu SO, Sanderson RK, Coates A, Hesla JS. Mosaic em-
bryo diagnosis correlated with abnormal 15q duplication syn-
drome in offspring. Fertil Steril 2019;112:e241–2. 

70. Kahraman S, Cetinkaya M, Yuksel B, Yesil M, Pirkevi Cetinkaya C. 
The birth of a baby with mosaicism resulting from a known mo-
saic embryo transfer: a case report. Hum Reprod 2020;35:727–33. 

71. Besser AG, Mounts EL. Counselling considerations for chromo-

somal mosaicism detected by preimplantation genetic screening. 
Reprod Biomed Online 2017;34:369–74. 

72. Anchan RM, Quaas P, Gerami-Naini B, Bartake H, Griffin A, Zhou Y, 
et al. Amniocytes can serve a dual function as a source of iPS cells 
and feeder layers. Hum Mol Genet 2011;20:962–74. 

73. Del Gaudio D, Shinawi M, Astbury C, Tayeh MK, Deak KL, Raca G, 
ACMG Laboratory Quality Assurance Committee. Diagnostic test-
ing for uniparental disomy: a points to consider statement from 
the American College of Medical Genetics and Genomics (ACMG). 
Genet Med 2020;22:1133–41. 

74. Choi H, Lau TK, Jiang FM, Chan MK, Zhang HY, Lo PS, et al. Fetal an-
euploidy screening by maternal plasma DNA sequencing: 'false 
positive' due to confined placental mosaicism. Prenat Diagn 2013; 
33:198–200. 

www.eCERM.org 167

EJ Yu et al. The management of mosaic embryos

https://doi.org/10.1186/s12958-019-0515-6
https://doi.org/10.1186/s12958-019-0515-6
https://doi.org/10.1080/19396368.2017.1296045
https://doi.org/10.1080/19396368.2017.1296045
https://doi.org/10.1080/19396368.2017.1296045
https://doi.org/10.1016/j.fertnstert.2020.05.014
https://doi.org/10.1016/j.fertnstert.2020.05.014
https://doi.org/10.1016/j.fertnstert.2020.05.014
https://doi.org/10.1016/j.fertnstert.2019.07.1375
https://doi.org/10.1016/j.fertnstert.2019.07.1375
https://doi.org/10.1016/j.fertnstert.2019.07.1375
https://doi.org/10.1093/humrep/dez309
https://doi.org/10.1093/humrep/dez309
https://doi.org/10.1093/humrep/dez309
https://doi.org/10.1016/j.rbmo.2017.01.003
https://doi.org/10.1016/j.rbmo.2017.01.003
https://doi.org/10.1016/j.rbmo.2017.01.003
https://doi.org/10.1093/hmg/ddq542
https://doi.org/10.1093/hmg/ddq542
https://doi.org/10.1093/hmg/ddq542
https://doi.org/10.1038/s41436-020-0782-9
https://doi.org/10.1038/s41436-020-0782-9
https://doi.org/10.1038/s41436-020-0782-9
https://doi.org/10.1038/s41436-020-0782-9
https://doi.org/10.1002/pd.4024
https://doi.org/10.1002/pd.4024
https://doi.org/10.1002/pd.4024
https://doi.org/10.1002/pd.4024


168

This is an Open Access article distributed under the terms of the Creative Commons Attribu-
tion 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.

© 2022 THE KOREAN SOCIETY FOR REPRODUCTIVE MEDICINEwww.eCERM.org

Introduction 

Refractory thin endometrium and recurrent implantation failure 
(RIF) are the most challenging infertility factors hindering successful 
pregnancy. An endometrial thickness of more than 7 mm is crucial 
for endometrial receptivity, and a thin endometrium is related to 
poor pregnancy outcomes and an increased risk of recurrent preg-
nancy loss [1]. Several adjuvant therapies have been attempted to 
increase the endometrial thickness, using medications such as estra-
diol hormonal supplementation [2], vasoactive agents such as low-
dose aspirin [3], vaginal sildenafil [4], intrauterine infusions of granu-
locyte colony-stimulating factor [5], and stem cell treatment [6,7]. 
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However, the treatment effect on improving the endometrial thick-
ness and pregnancy rate is still minimal, and for many patients, these 
treatment methods can be quite costly and difficult to approach. 

RIF is defined as a status when a woman under the age 40 years 
fails to become pregnant after transfer of at least four good-quality 
embryos in a minimum of three fresh embryo transfer or frozen em-
bryo transfer (FET) cycles [8]. The pathophysiology of RIF is multifac-
torial, but uterine and embryonic factors are generally considered to 
be the most important causes [9]. In order to increase endometrial 
receptivity, previous treatments such as hysteroscopy to remove in-
tracavitary fibroids, polyps, adhesions, or septa showed some im-
provements in increasing the likelihood of pregnancy. However, 
when none of these etiologies is noted and the endometrial thick-
ness is also normal, clinicians have limited further options that they 
could try to increase the endometrial receptivity.  

Platelet-rich plasma (PRP) is an autologous concentration of plate-
lets in plasma that has recently been elucidated as a better treatment 
option for these patients. PRP is rich in cytokines and growth factors 
(GFs), which have been suggested to exert some regenerative effects 
at the level of the injured tissue [10]. Furthermore, due to the import-
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ant roles of cytokines and GFs in the embryonic implantation process 
[11], PRP has been a “rising star” in improving endometrial receptivi-
ty. Another advantage of PRP is that it is easily obtained directly from 
the patient’s own blood. We aimed to review the recent findings of 
PRP therapy used for patients with refractory thin endometrium and 
RIF. 

Methods 

A literature search was done using PubMed to investigate recently 
reported PRP studies in the reproductive endocrinology field. The 
search period was from January 2018 to May 2022 to find the most 
up-to-date studies regarding PRP use in endometrium-related infer-
tility. The search words included “platelet-rich plasma,” “gynecology,” 
“infertility,” and “endometrium.” Mostly case reports, pilot studies 
with small sample sizes, and a few randomized controlled trials 
(RCTs) were found. 

1. PRP preparation 
There is still no consensus on a standardized protocol for prepar-

ing therapeutically effective PRP. The basis of PRP preparation is 
mainly the differential centrifugation of the whole blood [12]. Each 
component of the whole blood is separated into different layers by 
centrifugation due to differences in specific gravity. Two main meth-
ods are known for preparing PRP: the PRP method and the buffy-
coat method [12]. In the PRP method, fresh blood is obtained by ve-
nipuncture in acid citrate dextrose tubes and centrifuged right away 
using soft spin. The supernatant plasma containing platelets is sepa-
rated and centrifuged at a higher speed (hard spin) to obtain a plate-
let concentrate. The lower third is PRP, and at the bottom platelet 
pellets are formed. The buffy-coat method uses whole blood stored 
at 20°C–24°C and centrifuged at a “high” speed. Due to its density, 
three layers are formed: red blood cells at the bottom, platelets and 
white blood cells in the middle, and platelet-poor plasma (PPP) on 
top. The PPP layer is removed, and the buffy-coat layer is transferred 
to another tube for centrifugation at low speed to separate white 
blood cells. Alternatively, a leukocyte filter can be used. 

Arora and Agnihotri [13] described the importance of anticoagu-
lants in preparing PRP. Anticoagulant citrate dextrose-A is the most 
commonly used anticoagulant in commercial kits since it maintains 
an optimal pH for platelets at 7.2. The citrate binds to calcium and 
prevents the coagulation cascade. They also emphasized the impor-
tance of minimizing the PRP’s surface area in contact with the atmo-
sphere (using small diameter tubes with caps) in order to stop CO2 
from diffusing into the plasma and increasing the pH. An increased 
pH may potentially cause spontaneous aggregation of the platelets, 
making it difficult to utilize PRP. 

Several commercial PRP preparation kits are available internation-
ally, but there is substantial heterogeneity in the concentrations of 
platelets, leukocytes, and GFs in PRP. No general consensus exists re-
garding the optimal component concentrations [14]. Future research 
should focus on finding the most suitable PRP concentration for ap-
plications in infertility. 

2. Proposed PRP mechanism 
The mechanism through which PRP acts on refractory thin endo-

metrium has not yet been definitely established, but it is believed 
that several GFs play important roles. Platelets are anucleated cyto-
plasmic fragments of megakaryocytes that contain α-granules with 
various GFs [15,16]. GFs are known to control angiogenesis, cell pro-
liferation, stem cell migration, and inflammation [17]. For refractory 
thin endometrium, angiogenesis and cell proliferation may be the 
key mechanisms that need to be enhanced to stimulate the recovery 
process. Among the GFs in α-granules, platelet-derived growth fac-
tor (PDGF), vascular endothelial growth factor (VEGF), transforming 
growth factor-β (TGF-β), fibroblast growth factor, and insulin-like 
growth factor are considered to be important in the effects of PRP 
[18]. PDGF has several effects on the endometrium; it exerts a mito-
genic effect in endometrial stromal, decidual, and epithelial cells; en-
hances DNA synthesis in endometrial stromal cells; stimulates the 
chemotactic migration of endometrial stromal cells; and promotes 
endometrial stromal cell motility [19]. VEGF stimulates neovascular-
ization through its endothelial chemokine and mitogenic properties 
[20]. TGF-β has been shown to regulate endometrial decidualization, 
the uterine immune response, and endometrium repair during men-
struation [21]. Fibroblast growth factor initiates angiogenic processes 
in the endometrium, upregulates VEGF receptor 2, and promotes en-
dothelial proliferation and organization [22]. Insulin-like growth fac-
tor induces endometrial proliferation through the protein kinase B 
(AKT)/mammalian target of rapamycin (mTOR) pathway and initiates 
endometrial cell decidualization [23] (Table 1). 

Interestingly, the α-granules contained in PRP have both pro- and 
anti-angiogenic properties. In order for PRP to promote angiogene-
sis, it is necessary to activate the pro-angiogenic cell surface recep-
tors (VEGF, PDGF, TGF-β1, epidermal GF, serotonin, angiopoietin-1 
and -2, matrix metalloproteinase-1 and -2, and interleukin-8) [24]. 
Some studies have shown that higher concentrations of PRP attenu-
ated the endometrial cell proliferation rate and led to negative re-
sults [25,26]. This is speculated to be due to an excess amount of GFs 
resulting in the activation of an increased amount of anti-angiogenic 
factors (TGF-β1, plasminogen activator inhibitor, thrombospondin, 
angiostatin, endostatin, platelet factor 4, CXCL4L, tissue inhibitors of 
metalloproteases) to hinder cell proliferation. Giusti et al. reported in 
an in vitro study that 1.5 × 106 platelet/µL was the optimal concen-
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Table 1. Growth factors that play important roles in platelet-rich plasma

Growth factor Function
Fibroblast growth factor [22] Initiates angiogenic processes

Upregulates VEGFR2
Promotes endothelial proliferation and organization

Insulin-like growth factor [23] Induces endometrial proliferation through the AKT/mTOR pathway
Initiates endometrial cell decidualization

Platelet-derived growth factor [19] Exerts a mitogenic effect in endometrial stromal, decidual, and epithelial cells
Enhances DNA synthesis in endometrial stromal cells
Stimulates the chemotactic migration of endometrial stromal cells
Promotes endometrial stromal cell motility

Transforming growth factor-β [21] Regulates endometrial decidualization
Regulates uterine immune response
Regulates endometrial repair during menstruation

VEGF [20] Stimulates neovascularization by its endothelial chemokine and mitogenic properties

VEGFR2, VEGF receptor 2; AKT, protein kinase B; mTOR, mammalian target of rapamycin; VEGF, vascular endothelial growth factor.

tration of activated platelets for promoting angiogenesis of human 
endothelial cells, but further in vivo studies are required to imple-
ment this recommendation in a clinical setting [26]. 

3. PRP use in refractory thin endometrium and Asherman’s 
syndrome 

Molina et al. [27] prospectively evaluated 19 patients with a histo-
ry of refractory thin endometrium to whom PRP was given by intra-
uterine injections. In all cases, endometrial thickness reached > 9 
mm after the second PRP injection. The pregnancy rate was 73.7%, 
of which 26.3% yielded live births and 26.3% ongoing pregnancies. 

Chang et al. [28] investigated a larger study population of 64 pa-
tients with refractory thin endometrium ( < 7 mm) and administered 
intrauterine injections of PRP to 34 patients. The PRP group had sig-
nificantly thicker endometrium than that of the control group. The 
implantation and clinical pregnancy rates in the PRP group were sig-
nificantly higher than in the control group (27.94% vs. 11.67%, p 
< 0.05; 44.12% vs. 20%, p < 0.05, respectively). 

Kim et al. [29] studied 22 patients with a history of two or more 
failed in vitro fertilization (IVF) cycles and refractory thin endometri-
um of < 7 mm. Their prospective interventional study compared the 
study participants’ previous non-treated and later PRP-treated FET 
cycles. PRP was injected two or three times from menstrual cycle day 
10 of the FET cycle, and FET was done 3 days after the final PRP injec-
tion. The implantation, clinical pregnancy, and live birth rates were 
12.7%, 30%, and 20%, respectively in the PRP-treated cycles, while 
all previous cycles reported rates of 0%. However, the endometrial 
thickness showed no significant difference between the PRP and 
previous non-treated cycles. 

A preliminary study using a mouse model of Asherman’s syn-

drome (AS) was done by Kim et al. [30] to assess the effectiveness of 
human PRP for endometrial recovery. Three separate experiments 
were performed. First, the effects of PRP on endometrial regenera-
tion were assessed by evaluating the endometrial histology and ex-
pression of fibrosis-related factors. Second, the mice implantation 
sites and embryo weights were compared between the PRP and 
control groups. Third, live births were compared. Human PRP im-
proved endometrial morphology, reduced the degree of fibrosis, and 
downregulated the expression of fibrosis markers. Higher numbers 
of implantation sites and live births were also noted. 

A consecutive study by the same group of authors used a mouse 
model of AS to discover the molecular mechanisms of PRP that act 
on damaged endometrium [31]. They showed that the GFs in PRP 
promoted angiogenesis by increasing proangiogenic factors such as 
Hif1α, Hif2α, VEGF-α, Ang-1, Hgf, and Igf-1. PRP also promoted the 
migration of endometrial stromal cells to injured uterine areas, lead-
ing to uterine regeneration in pathologic conditions. Furthermore, 
PRP significantly increased the phosphorylation of STAT3, which is a 
critical transcription factor for tissue remodeling and regeneration, in 
both stroma and epithelial compartments in uteri with AS. Addition-
ally, the mice that received PRP treatment had significantly higher 
mean weights of embryos and their placentas than the control mice, 
suggesting that PRP treatment considerably alleviates intrauterine 
growth restriction phenotypes in AS. 

de Miguel-Gomez et al. [32] conducted an in vitro composition 
analysis and murine model of AS to study the effect of PRP from dif-
ferent sources on endometrial damage. The authors [32] tested 
whether plasma from human umbilical cord blood had stronger ef-
fects than adult PRP (aPRP) on endometrial recovery. The in vitro cell 
proliferation and migration rate after treatment with umbilical cord 
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plasma was the highest, and aPRP also revealed a significant incre-
ment. The mouse model study showed higher expression of Ki67 
and Hoxa-10 in the endometrium after applying aPRP, and the pro-
teomic analysis revealed a specific protein expression profile. The 
damaged uterine tissue showed more pro-regenerative markers af-
ter the application of umbilical cord plasma than after other treat-
ments (nonactivated umbilical cord plasma, activated aPRP, and no 
treatment). 

An interesting novel PRP injection method was reported by Agar-
wal et al. [33] by injecting PRP in the endo-myometrial junction hys-
teroscopically. Thirty-two patients with a refractory thin endometri-
um received hysteroscopic PRP injections, and 24 of them (75%) had 
improved endometrial thickness ( > 7 mm). They underwent FET and 
among them, 10 had clinical pregnancies with positive fetal heart-
beat and two had biochemical pregnancies. 

The most recent prospective interventional study, reported in Jan-
uary 2022, found that PRP optimized endometrial thickness in both 
fresh and FET cycles [34]. Twenty women with refractory thin endo-
metrium ( < 7 mm), regardless of hormone replacement therapy, un-
derwent 26 PRP cycles during fresh embryo transfer and FET. PRP in-
fusions were repeated every 48 hours if needed, and the maximum 
number of PRP infusions was limited to 3. The mean endometrial 
thickness increased significantly after PRP infusion (p < 0.001) with 
average increases of 1.07 mm and 0.83 mm after the first PRP treat-
ment (p < 0.001) during fresh IVF and FET, respectively. The clinical 
pregnancy rates, implantation rates, and live birth rates were not sig-
nificantly different between fresh embryo transfer and FET cycles 
(p > 0.05) (Table 2). 

4. PRP use in RIF 
Zamaniyan et al. [35] investigated 98 RIF patients (who failed to 

become pregnant after three or more transfers of good-quality em-
bryos) in a RCT. Fifty-five patients were given intrauterine PRP infu-
sions 48 hours before embryo transfer in FET cycles. The other 43 pa-
tients comprised the control group, and these two groups showed 
significant differences in clinical (52.7% vs. 23.3%, p = 0.003) and on-
going pregnancy rates (50.9% vs. 16.3%, p < 0.001). Interestingly, al-
though the study participants already had normal endometrial 
thickness, the PRP-treated group showed significantly increased en-
dometrial thickness compared to the control group (13.15 ± 1.42 
mm vs. 10.00 ± 0.93 mm, p < 0.001). 

The largest RCT was reported in 2021 by Nazari et al. [36], includ-
ing 418 women with a history of RIF (failure to achieve pregnancy af-
ter three or more embryo transfers with high-quality embryos) un-
dergoing FET. Patients were randomly assigned to PRP and control 
groups. The PRP group received 0.5 mL of PRP by intrauterine injec-
tion 48 hours before FET. Among the 418 candidates, 393 partici-

pants completed the study (PRP: n = 196; control: n = 197) and higher 
chemical pregnancy, clinical pregnancy, and live birth rates were ob-
served in the PRP group (p < 0.0001, p < 0.0001, p < 0.0001, respec-
tively). There were no significant differences in the rates of multiple 
pregnancies and pregnancy complications. Only the spontaneous 
abortion rate was lower in the PRP group than in the control group.  

The most recent RCT study, published in January 2022 by Bakhsh 
et al. [37], found that 100 women with an unexplained RIF history 
(previously failed to conceive after three or more transfers of 
high-quality embryos) had positive pregnancy outcomes after using 
PRP . These patients, undergoing FET, were divided randomly into 
PRP and control groups. The pregnancy rate was 20% in the PRP 
group and 13.33% in the control group, but this difference did not 
reach statistical significance (p = 0.62). The authors still concluded 
that PRP may play a role in improving the fertility status of RIF pa-
tients and that larger RCT studies are needed. 

Xu et al. [38] retrospectively evaluated 288 women with a RIF his-
tory (three or more consecutive failed embryo implantations with 
good-quality embryos, defined as at least six cleavage-stage embry-
os or three blastocysts). In total, 138 patients with PRP treatment and 
150 patients who did not receive treatment were compared and the 
implantation, clinical pregnancy, and live birth rates were higher in 
the PRP group. Except for the implantation and miscarriage rates, the 
other results were statistically significant (Table 3). 

Conclusions 

Autologous PRP injections have shown substantial benefits as a 
feasible method to treat refractory thin endometrium and RIF. Re-
cent studies are gathering evidence in support of the hypothesis that 
the GFs in PRP increase endometrial receptivity. However, larg-
er-scale, high-quality RCTs will be needed to address some of the is-
sues and determine the proper PRP preparation and dosage neces-
sary to effectively treat endometrium-related infertility. 
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Objective: The aim of this study was to evaluate the impacts of platelet-rich plasma (PRP) and conditioned medium (CM) derived from endo-
metrial stromal cells on mouse preantral follicle culture in a two-dimensional system to produce competent mature oocytes for fertilization. 
Methods: In total, 240 preantral follicles were isolated from female mouse ovarian tissue and divided into four groups. The preantral follicles 
were isolated three times for each group and then cultured, respectively, in the presence of alpha minimum essential medium (control), PRP, 
CM, and PRP+CM. The in vitro growth, in vitro maturation, and cleavage percentage of the preantral follicles were investigated. Immunocy-
tochemistry (IHC) was also conducted to monitor the meiotic progression of the oocytes. Additionally, the mRNA expression levels of the two 
folliculogenesis-related genes (Gdf9 and Bmp15) and two apoptosis-related genes (Bcl2 and Bax) were investigated using real-time poly-
merase chain reaction. 
Results: In the PRP, CM, and PRP+CM groups, the preantral follicle maturation (evaluated by identifying polar bodies) were greater than the 
control group. The cleavage rate in the CM, and PRP+CM groups were also greater than the control group. IHC analysis demonstrated that in 
each treatment group, meiotic spindle was normal. In the PRP+CM group, the gene expression levels of Bmp15, Gdf9, and Bcl2 were greater 
than in the other groups. The Bax gene was more strongly expressed in the PRP and control groups than in the other groups. 
Conclusion: Overall, the present study suggests that the combination of CM and PRP can effectively increase the growth and cleavage rate 
of mouse preantral follicles in vitro. 

Keywords: Conditioned medium; Culture; Endometrial cells; Platelet-rich plasma; Preantral follicles  

Introduction 

Fertility preservation strategies, which involve cryopreservation of 
the oocyte and embryo, can help achieve successful pregnancy; 
however, some obstacles exist. For example, these methods require 
time to stimulate ovulation, delaying the therapeutic process for pa-
tients with cancer [1]. Furthermore, substantial concerns exist re-
garding cancer recurrence after ovarian tissue cryopreservation and 
autotransplantation due to the possibility of malignant cell contami-
nation [2-4]. In this context, in vitro follicle culture may be superior to 
the mentioned methods because it does not increase the risk of can-
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cer recurrence and does not delay the treatment of cancer patients 
[2,5-7]. 

Advanced technologies to facilitate oocyte growth and develop-
ment in culture enable experimental research on the mechanisms 
regulating oocyte development, in addition to clinical applications 
[8]. Due to ethical and practical limitations, the application of human 
research to evaluate oocyte maturation has been limited and re-
quires the use of animal studies. Some of these issues can be ad-
dressed by utilizing murine follicles, which are easily accessible [9,10]. 
In the last two decades, preantral follicle cultures have provided 
many oocytes for embryo production [11]. A two-step culture meth-
od was discovered to create competent oocytes for maturation, fer-
tilization, and development into live offspring from newborn mouse 
primordial follicles [12,13]. Follicle culture must be optimized to im-
prove oocyte maturation and quality regarding genetic components 
such as meiotic spindles [5]. Furthermore, coculture with uterine epi-
thelial cells by promoting oocyte maturation to meiosis II can in-
crease the maturation of germinal vesicle oocytes [14]. 

Compared to the co-culture of somatic cells, using conditioned 
medium (CM) is superior as it avoids the close contact of certain so-
matic cells, which can result in physiological impairment and/or the 
reinitiation of latency in follicles. Furthermore, the CM can be re-
tained for later use [15]. Some studies have indicated greater viability 
and larger diameter of follicles cultured with CM than control medi-
um, indicating that CM could improve follicle culture [16]. Sources of 
CM include endometrial cells, which secrete various factors involved 
in cell proliferation and migration [17-19]. CM derived from human 
endometrial cell lines produces several cytokines and growth factors, 
including interleukin 6, platelet-derived growth factor, and interleu-
kin 10 [17-19]. Interestingly, these factors play an important role in 
the modulation of ovarian function, including follicular growth, mat-
uration, and theca cell proliferation [20-22]. Platelet-rich plasma 
(PRP), an accumulation of platelets suspended in plasma, is another 
source that can promote the viability and growth of various cell lines, 
likely due to the presence of growth factors [23-26]. Some of these 
growth factors, such as epidermal growth factor (EGF), connective 
tissue growth factor, and transforming growth factor beta (TGF-β), 
are involved in follicular development and oocyte maturation 
[27,28]. Several studies have shown that PRP factors benefit follicle 
growth and the survival of primordial follicles in in vivo and in vitro 
three-dimensional culture [27,29]. Thus, PRP and CM can affect the 
growth, maturation, and viability of preantral follicles. 

In ovarian tissue culture, preantral follicles typically do not prog-
ress to meiosis II [11]. In contrast, the in vitro culture of preantral folli-
cles is promising for the evaluation of oocyte maturation and com-
parative analyses of factors such as culture medium in in vitro follicu-
lar culture [30]. Therefore, this investigation was carried out to assess 

the influences of endometrial stromal cell-derived PRP and CM on in 
vitro growth, in vitro maturation (IVM), cell viability, and the cleavage 
rate of mouse preantral follicle culture in a two-dimensional system. 

Methods 

1. Animals 
In this experimental animal study, female National Medical Re-

search Institute (BALB/c) mice were purchased from the Royan Insti-
tute in Iran for the isolation of ovarian tissue. Additionally, 20 adult 
male BALB/c mice were purchased for sperm collection. The mice 
were maintained in the animal house under light- and tempera-
ture-controlled conditions (12 hours of light and 12 hours of dark-
ness; 21°–24°C and 30%–60% humidity), and fresh food and water 
were provided. The animals were kept and used according to the 
standards of the Animal Ethics Committee. The experimental proce-
dure of this study was approved by the Ethics Committee of Shiraz 
University of Medical Sciences (reference No. IR. Sums.REC.1398.688). 

2. Ovarian tissue isolation 
The female mice were sacrificed with carbon dioxide (CO2), and 

the ovaries were transferred to a HEPES (N-2-hydroxyethyl-pipera-
zine-N’-2-ethanesulfonic acid)-based potassium simplex optimiza-
tion medium (KSOM). The preantral follicles were isolated from the 
ovarian tissue and were cultured in four treatment groups: alpha 
minimum essential medium FBS (control), CM, PRP, and PRP+CM. 

3. Preantral follicle isolation 
From the fresh ovarian tissues, 240 preantral follicles were me-

chanically isolated. These preantral follicles were isolated three times 
for each group. To accomplish this, preantral follicles were separated 
in the KSOM medium (at 37°C) under a stereomicroscope using a 
26-gauge needle. The isolated preantral follicles were selected if they 
(1) were normal preantral follicles with two or more compact granu-
losa cell layers and some adjoining theca cells and (2) had a clear, 
round oocyte in the center of the preantral follicles. The isolated pre-
antral follicles were cultured in FBS (control), CM, PRP, or PRP+CM 
media. 

4. PRP collection 
Blood samples from female BALB/c mice were obtained via cardiac 

puncture and poured into a tube containing an anticoagulant agent 
(3.2% sodium citrate). The blood samples were then centrifuged at 
250 ×  g for 10 minutes at 20°C. The supernatant was transferred to 
another tube and then centrifuged at 2,000 ×  g for 15 minutes. The 
two upper layers were removed, and the residual plasma, including 
precipitated platelets, was considered the PRP. Finally, the obtained 
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clots were centrifuged at 3,000 ×  g for 5 minutes at 4°C; the platelet 
fragments were separated and kept at −20ºC for further experiments 
[27,29]. To count the platelets in the obtained PRP, the Sysmex XT-
1600I system (Sysmex, Kobe, Japan) was utilized and revealed an av-
erage of 2,380 × 103 platelets/mL. 

5. Isolation and culture of endometrial stromal cells 
In this investigation, female BALB/c mice were purchased from the 

Royan Institute in Iran. The animals in the estrus cycle were eutha-
nized using narcosis induced by CO2. Using sterile surgical instru-
ments, the abdominal region was opened, and the intestines were 
pushed aside to observe both uterine horns. The uterine horns were 
isolated at the most distal portion of the Fallopian tube. Then, the 
uterine horns were dissected from the Fallopian tube, and surround-
ing connective and adipose tissues were removed. Afterward, the 
endometrial samples were obtained and washed in PBS [30-32]. 

Next, the samples were minced and incubated at 37°C with 0.2% 
HBSS with 15 mM HEPES, gentamicin (10 μg/mL), 2% (v/v) fetal calf 
serum, and 1 × antibiotic-antimycotic solution (fungizone [2.5 μg/
mL], streptomycin [100 μg/mL], and penicillin [100 IU/mL]) for 30 
minutes with shaking (50 rpm). Next, the samples were isolated is 
according to Clercq De protocol [10]. 

1) Endometrial stromal cell-derived CM 
When cells reached approximately 80% confluence, daily changes 

of medium were carried out for 24 hours; the mixture used included 
serum-free DMEM:F12 (1:1) medium added to insulin (10 μg/mL), se-
lenium (6.7 ng/mL), transferrin (5.5 μg/mL), hydrocortisone (5 μg/
mL), penicillin (100 IU/mL), fungizone (2.5 μg/mL), streptomycin (100 
μg/mL), and gentamicin (10 μg/mL) [32]. 

6. 2,5-diphenyl-2H-tetrazolium bromide (MTT) assay 
The survival rate of the preantral follicles was analyzed to deter-

mine the effective dose of PRP and endometrial cell-derived CM us-
ing the MTT assay. For this purpose, 60 preantral follicles were col-
lected and randomly divided into six groups, then seeded in a 96-
well plate. Each group contained 10 preantral follicles in an α-MEM 
culture medium, comprising 1% insulin-transferrin-selenium (ITS), 
ascorbic acid (50 µg/mL), penicillin-streptomycin (50 µg/mL), folli-
cle-stimulating hormone (FSH; 100 mIU/mL), and luteinizing hor-
mone (LH; 10 mIU/mL). After 24 hours, fresh media (200 µL) contain-
ing concentrations of either 5% PRP, 10% PRP, 5% CM, or 10% CM 
was added to four of the groups; the remaining two groups were not 
treated. The plates were incubated for 48 hours. A fresh medium (200 
μL) containing an MTT agent (5 mg/mL in medium) was substituted 
and the plates incubated at 37°C for 4 hours. Then, dimethyl sulfox-
ide (50 μL) was substituted, and the plates were incubated at 37°C 

for 30 minutes. Subsequently, the optical densities of all wells were 
evaluated using an enzyme-linked immunoassay reader at a wave-
length of 570 nm [29-33]. 

7. In vitro growth 
Penicillin-streptomycin (50 µg/mL), 1% ITS, FSH (100 mIU/mL), LH 

(10 mIU/mL), and ascorbic acid (50 µg/mL). Moreover, each group 
was complemented with either 10% FBS (control), 10% PRP, 10% CM, 
and 10% PRP+10% CM, then incubated for 8 days at 37°C. The medi-
um was substituted once every 2 days [6,11,34]. 

8. In vitro maturation 
After 8 days of culture, the follicles in the four groups were trans-

ferred to the culture medium supplemented with 1.5 IU/ml HCG and 
then incubated at 37°C. After 24 hours, the existence of polar bodies 
and the expansion of cumulus cells were evaluated. Mature oocytes 
were identified based on the identification of polar bodies via stereo-
microscopy. Next, the mature follicles were assessed regarding the 
presence of the meiotic spindle (through fluorescence microscopy), 
relevant gene expression, and in vitro fertilization (IVF) [6]. 

9. In vitro fertilization 
The oocytes accompanied by polar bodies in meiosis II were incu-

bated with capacitated spermatozoa isolated from male BALB/c 
mice. Then, the oocytes were separated and transferred to a global 
medium (20 µL) under mineral oil at 37°C and 5% CO2, and then the 
IVF rate in the cleavage stage was assessed [35]. 

10. Immunocytochemistry 
The obtained meiosis II oocytes were fixed with a microtubule-sta-

bilizing buffer containing Triton X-100 (0.1%), formaldehyde (3.7%), 
dithiothreitol (1 mM), Taxol (1 mM), deuterium oxide (50%), and 
aprotinin (0.01%). The oocytes were added to a phosphate-buffered 
saline blocking solution consisting of normal goat serum (2%), bo-
vine serum albumin (1%), sodium azide (0.2%), powdered milk 
(0.2%), Triton X-100 (0.01%), and glycine (0.1 M) and were stored at 
4°C. Chromatin was detected using the triple staining method. To do 
this, the oocytes were incubated for 4 hours in a mixture of mouse 
monoclonal alpha and beta anti-tubulins (Thermo Fisher Scientific, 
Waltham, MA, USA) at 1:500 final dilution and then were washed 
with a phosphate-buffered saline blocking solution and incubated in 
a 1:400 dilution of Alexa 488 goat anti-rabbit IgG (1:500) (Thermo 
Fisher Scientific) and rhodamine phalloidin (1:200) (Sigma, St. Louis, 
MS, USA) for 3 hours at 37°C. The oocytes were transferred to a glyc-
erol-based medium with propidium iodide (1 ng/mL) on posts of 
Vaseline (1 mm) to stop the oocyte compression. A Labomed device 
(Labomed Inc., Culver City, CA, USA) was utilized for fluorescent mi-
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croscopy, and photos were taken with a water immersion objective 
with stimulation lines at 400 nm (an argon laser for anti-tubulin) [11]. 

11. Real-time quantitative polymerase chain reaction 
The extraction of total RNA from the preantral follicle after 9 days 

was performed using an RNA isolation kit according to the manufac-
turer's instructions. Next, the synthesis of complementary DNA 
(cDNA) was conducted via reverse transcription. The mRNA expres-
sion levels of the BAX, BCL2, BMP15, and GDF9 genes were investi-
gated using real-time quantitative PCR (RT-qPCR). The primer se-
quences used are presented in Table 1. The RT-qPCR (Applied Biosys-
tems, Waltham, MA, USA) was carried out in a 10-μL volume includ-
ing PCR pre-Mix (5 μL RR820L; Takara Bio Inc., Kusatsu, Shiga, Japan), 
forward/reverse primers (5 μM), and cDNA (1 μL) as follows: initial 
denaturation (1 minute at 94°C), denaturation (10 seconds at 94°C), 
annealing (30 seconds at 59°C), and extension (20 seconds at 72°C). 
The mRNA levels of the β-actin gene were evaluated as the endoge-
nous control. Calculations were performed using the 2−ΔCt (Livak) for-
mula [36]. 

12. Data analysis 
Statistical analyses were carried out using GraphPad Prism statisti-

cal software (GraphPad Software, San Diego, CA, USA). The differenc-
es between groups were measured using the Tukey test, and statisti-
cal significance between more than two groups was investigated us-
ing the analysis of variance test. All obtained data were reported as 
mean ± standard deviation. A p-value of < 0.05 was considered to 
indicate statistical significance. 

Results 

1. Oocyte maturation 
Preantral follicles with two or more compact granulosa cell layers 

were isolated three times for each group (Figure 1). The oocyte mat-
uration rates in the four groups are presented in Figure 2. The matu-
ration rate (based on the observation of polar bodies) of the group 
treated with CM was significantly greater than that of the control 
group (p < 0.01). Oocyte maturation was also dramatically greater in 
the PRP group than in the control group (p < 0.05). Finally, the oocyte 
maturation rate was significantly elevated in the PRP+CM group rel-
ative to the control group (p < 0.01). 

2.  The oocyte cleavage rate 
The oocyte cleavage rate for each group is shown in Table 2. Our 

findings indicated that the cleavage percentage in the CM group was 
%31.25, in the PRP group was %20, and finally in the treated group 
with both CM and PRP was %41.17. 

3. Preantral follicle viability 
The viability of preantral follicles in the groups, analyzed to deter-

mine the effective dosage of PRP and CM, is exhibited in Figure 3. 
Our findings demonstrate that the viability of preantral follicles treat-
ed with 10% PRP was significantly greater than the viability in the 
groups treated with other concentrations of PRP (10% PRP vs. 5% 
PRP, p < 0.05; 10% PRP vs. 0% PRP, p < 0.05). Furthermore, the viabili-
ty of the group exposed to 10% CM was significantly greater than 
the viability of those exposed to other CM concentrations (10% CM 
vs. 5% CM, p < 0.05; 10% CM vs. 0% CM, p < 0.01).  

4. Meiotic spindle positioning  
Immunocytochemistry analysis indicated the presence of meiotic 

spindle, meaning that these oocytes had proceeded in meiosis and 
attained meiotic competence. We found that the spindles were ori-
ented parallel to the oocyte surface in the treatment groups (PRP, 
CM, and PRP+CM) (Figures 4 and 5). 

5. Gene expression 
The expression levels of the BAX, BCL2, BMP15, and GDF9 genes 

of the preantral follicles were cultured in the four groups are shown 
in Figure 6. The findings indicated that the expression levels of 
Bmp15, Gdf9, and Bcl2 were significantly upregulated in the preant-
ral follicles of the PRP+CM group compared with the other groups. In 
contrast, the Bax gene was expressed most strongly in the control 
and PRP groups. 

Discussion 

In vitro, preantral follicle culture is a key method of fertility preser-
vation for either women of reproductive age or prepubertal girls 
who lack hormonal stimulation or are at risk of cancer. Therefore, the 

Table 1. The sequences and characteristics of the primers used

Gene Sequence Product size (bp)
GDF9 F: AGGTGGAGAACTTGGAAATGG 160

R: CGTTGAAGAGAGTGGAGTGG
BCL2 F: TTGTTCAAACGGGATTACA 176

R: GAGCAAGTGCAGCCACAATA
BAX F: TTTGCTTCAGGGTTTCATCC 246

R: CAGTTGAAGTTGCCGTCAGA
BMP15 F: AGCAACCAGGTGACAGG 170

R: CCTCCTTTACCAGGTC
ACTB F: ACCACCTTCAACTCCATCATG 238

R: CTCCTTCTGCATCCTGTCG

F, forward; R, reverse; bp, base pair.
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cytes is still challenging [5]. Hence, in this work, the development of 
mouse preantral follicles using CM derived from endometrial cells 
and PRP was investigated for the first time. Because CM and PRP 
contain different cytokine and growth factors, they can impact ovari-
an follicle growth [18-19,27,29]. Thus, in this project, the effects of 
CM, PRP, and PRP+CM were evaluated on in vitro oocyte develop-
ment, fertilization potential, quality of the meiotic spindle, and ex-
pression of related genes (BPM15, GDF9, BAX, and BCL-2). Our study 
revealed that the maturation rate of oocytes in all treatment groups 
(PRP, CM, and PRP+CM) was significantly greater than in the control 
group. 

The impacts of PRP and CM on preantral follicle growth have been 
posited to be due to different growth factors, such as fibroblast 
growth factor, supporting the early stage of preantral follicle devel-
opment [37]. In addition, previous studies have reported the stimula-

Figure 1. (A-D) Isolated preantral follicles with granulosa cell layers. (E-H) Mature oocytes (MII). (I-L) Cleaved oocytes. (A, E, I) The platelet-rich 
plasma (PRP). (B, F, J) The conditioned medium (CM). (C, G, K) The PRP+CM group. (D, H, L) The alpha minimum essential medium (α-MEM). 
Original magnification, ×400; scale bar, 100 μm. GV, germinal vesicle; MII, meiosis II; O, oocyte; G, granulosa cells; P, polar body.

Figure 2. The maturation rate of oocytes (based on the observation 
of polar bodies) after in vitro growth (7 days) and in vitro maturation 
(24 hours). The level of oocyte maturation rate were significantly 
greater in all treatment groups than in the control group. PRP, 
platelet-rich plasma; CM, conditioned medium. Treatment group vs. 
control group, a)p<0.05; b)p<0.01.
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Table 2. Cleavage rate

Group Cleavage/MII
Control 2.10/%20
PRP 2.10/%20
CM 5.16/%31.25
PRP+CM 7.17/%41.17

MII, mature oocytes; PRP, platelet-rich plasma; CM, conditioned medium.

enhancement of preantral follicle culture medium may help obtain a 
better embryo and improve the odds of successful pregnancy [11]. 
Numerous approaches to in vitro culture have been introduced for 
female gamete growth; however, the production of competent oo-
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Figure 3. The survival rate of the preantral follicles was analyzed to determine the effective dose of platelet-rich plasma (PRP, A) and 
endometrial cell-derived conditioned medium (CM, B) using the MTT assay after 48 hours. The samples contained different concentrations of 
PRP and CM: 0% PRP, 5% PRP, and 10% PRP and 0% CM, 5% CM, and 10% CM. The preantral follicle survival rate was obtained three times for 
each group. a)p<0.05; b)p<0.01.

Figure 4. Fluorescent images of preantral follicle culture, including the meiotic spindle positioning in the mouse oocyte. The condensed 
cumulus is detached from the meiosis II oocytes. The meiosis II oocyte is shown with first polar body disjunction following in vitro growth 
and in vitro maturation, as well as a meiotic spindle (green) and chromosomes (red) after immunofluorescence staining. The spindles with 
spired poles are located in the oocyte cortex. An extra meiosis II with more common wide spindle poles and chromosome adjustment is 
depicted. Original magnification, ×400; scale bar, 100 μm. The meiotic spindle was oriented parallel to the oocyte surface in the treatment 
groups (platelet-rich plasma [PRP], conditioned medium [CM], and PRP+CM). 
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Figure 5. Meiotic spindle migration. The spindles are located in the oocyte cortex. The migration of the meiotic spindles from the center of 
the oocytes to the cortex occurred. The outer circle indicates the zona pellucida; microtubules are shown in green and chromosomes in red. 
PRP, platelet-rich plasma; CM, conditioned medium.

Figure 6. mRNA expression levels of the Bmp15 (A), Gdf9 (B), Bcl2 (C), and Bax (D) genes in the meiosis II oocytes in the four groups. The 
mRNA expression level in the preantral follicles was obtained three times for each group. PRP, platelet-rich plasma; CM, conditioned medium. 
PRP+CM group vs. control group: a)p<0.05, d)p<0.01; PRP+CM group vs. PRP group: b)p<0.05, c)p<0.01. 
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tion of oocyte maturation and cumulus cell proliferation by EGF [37]. 
The investigation of Hosseini and colleagues indicated that PRP can 
improve the growth and viability of human preantral follicles in vitro 
[29]. Similarly, Adib et al. [35] declared that CM originating from hu-
man cumulus cells could enhance oocyte growth and maturation in 
vitro. However, in the present study, the maturation and cleavage 
rate in the PRP group were lower than in the CM and PRP+CM 
groups. 

Another result was that meiotic spindles of the oocytes had pro-
ceeded to meiosis II in the treatment groups. Along these lines, re-
searchers have posited that some growth factors, such as fibroblast 
growth factor, EGF, and TGF-β, play a substantial role in the resump-
tion of meiosis in oocytes [38-40]. The spindles were oriented parallel 
to the oocyte surface in the CM, PRP, and PRP+CM groups, like the 
orientation of meiosis II spindles parallel to the oocyte cortex surface 
in the mice studied by McNally [41]. 

Molecular findings revealed that the expression levels of the 
BMP15, GDF9, and BCL2 genes were upregulated in the preantral 
follicles of the PRP+CM group relative to the other groups. In contrast, 
the BAX gene was less strongly expressed in this group than in the 
others, whereas BAX was most strongly expressed in the presence of 
PRP. BCL-2 and BAX are among the most important genes involved in 
apoptosis. The BCL-2 gene-encoded product inhibits apoptosis and 
promotes increased cell survival. In contrast, the BAX gene-encoded 
product induces apoptosis and causes increased cell death [42]. In-
creased expression of the BCL-2 gene can potentiate the viability and 
growth of preantral follicles in the presence of PRP +CM.  

Likewise, downregulation of the BAX gene in the cultured preant-
ral follicles exposed to PRP+CM can decrease the apoptosis rate. In 
the current study, we found greater expression of BAX in the PRP 
group than in the CM and PRP+CM groups. PRP has been reported 
to be involved in the formation of reactive oxygen species, leading to 
increased BAX expression [43,44]. In addition, the BMP15 and GDF9 
genes, secreted by oocytes, can regulate granulosa cell proliferation 
and differentiation and promote preantral follicle growth [45]. Previ-
ous studies have reported that BMP15 present in the follicular fluid 
of mature follicles, which may be synthesized by the oocytes of these 
follicles, regulates cumulus cell expansion. Moreover, evidence sug-
gests that GDF9 is found in mature oocytes [46]. The strong expres-
sion of BMP15 and GDF9 can explain the relatively high develop-
mental competence of the preantral follicles in the PRP+CM group. 
Due to the different effects of PRP reported in our work and others 
on ovarian follicle culture, which may lead to different impacts on 
the viability of ovarian follicles, further investigation is warranted on 
reactive oxygen species in PRP and culture media. 

This study suggests that the combination of PRP and CM can in-
crease the growth and cleavage rate of mouse early preantral folli-

cles, as well as the expression of related genes. Additionally, the ex-
pression of the BAX gene was increased in the PRP group relative to 
other groups. However, additional, large in vitro experimental inves-
tigations, particularly oxidative assessments of PRP in follicle culture, 
are required to validate these findings. 
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Introduction 

Infertility affects approximately 15% of couples of reproductive 
age [1]. Unexplained infertility refers to couples who fail to conceive 

Sperm DNA fragmentation negatively influences the 
cumulative live birth rate in the intracytoplasmic 
sperm injection cycles of couples with unexplained 
infertility 
Deepthi Repalle1,2, Kallimakula Venkata Reddy Saritha2, Shilpa Bhandari1 
1Department of Reproductive Medicine and Surgery, Sri Aurobindo Institute of Medical Sciences, Indore; 2Department of Biotechnology, Sri 
Venkateswara University, Tirupati, India

ORIGINAL ARTICLE
https://doi.org/10.5653/cerm.2021.05169
pISSN 2233-8233 · eISSN 2233-8241
Clin Exp Reprod Med 2022;49(3):185-195

Objective: This study aimed to determine the effect of sperm DNA fragmentation (SDF) on the cumulative live birth rate (CLBR) in intracy-
toplasmic sperm injection (ICSI) cycles in couples with unexplained infertility. 
Methods: We conducted a prospective study of 145 couples who underwent ICSI cycles for unexplained infertility. Based on the SDF rate, 
patients were categorized into a low SDF group (SDF ≤30%, n=97) and a high SDF group (SDF >30%, n=48). SDF was assessed using the 
acridine orange test on density gradient centrifugation prepared samples. The CLBR was calculated as the first live birth event per woman 
per egg collection over 2 years. 
Results: The high SDF group (SDF >30%) showed a significantly lower CLBR (p<0.05) and a significantly higher miscarriage rate (p<0.05) 
than the low SDF group (SDF ≤30%). No significant difference was observed in the implantation and cumulative pregnancy rates between 
the two SDF groups. The total number of embryo transfers was stratified further into fresh and frozen embryo transfers. In the fresh embryo 
transfers, there were significant differences in the implantation rates, clinical pregnancy rates, and live birth rates (p<0.05) between the low 
SDF and high SDF groups. However, in the frozen embryo transfers, there were no significant differences in clinical outcomes between the 
two groups. In the multivariable logistic regression analysis, SDF was a predictor of CLBR (p<0.05) when adjusted for possible confounding 
factors. 
Conclusion: High SDF was associated with a lower CLBR and a higher miscarriage rate in the ICSI cycles of couples with unexplained infer-
tility. 

Keywords: Infertility; Intracytoplasmic sperm injection; Live birth rate; Sperm DNA fragmentation

Received: December 22, 2021 ∙ Revised: April 7, 2022 ∙ Accepted: April 22, 2022
Corresponding author: Kallimakula Venkata Reddy Saritha 
Department of Biotechnology, Sri Venkateswara University, Tirupati 517502 A.P., 
India  
Tel: +91-93-9360-8479 E-mail: kvsarithasvu@gmail.com 

despite having a female partner with healthy ovulatory function and 
patent fallopian tubes and a male partner with standard semen anal-
ysis results [2]. Although the underlying reasons for unexplained in-
fertility have not been fully identified, increasing evidence suggests 
that sperm DNA fragmentation (SDF) should be considered [3-5]. 

Approximately 25%–80% of couples with unexplained infertility 
have elevated SDF values [4-6]. Reduced pregnancy and live birth 
rates with increased miscarriage rates were observed in couples with 
idiopathic infertility and > 25% SDF after in vitro fertilization (IVF) 
cycles [4]. Non-male factor infertility couples with SDF ≥ 30% have 
shown lower rates of normal cleavage speed, high-quality embryos 
at day 3, blastocyst development, blastocyst quality, and implanta-
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tion in intracytoplasmic sperm injection (ICSI) cycles [7]. 
Previously, intrauterine insemination (IUI) and IVF were the first-

line treatments for couples with unexplained infertility [5]. A me-
ta-analysis concluded that, in cases of well-defined unexplained in-
fertility, the use of ICSI was favored over IVF to increase fertilization 
rates and reduce the risk of total fertilization failure (TFF) [8]. Approx-
imately 5%–25% of IVF cycles lead to TFF in couples with unex-
plained infertility, whereas ICSI has significant benefits and results in 
higher cumulative pregnancy rates [8,9]. 

Two types of assays measure the levels of SDF: one that directly 
measures the extent of DNA fragmentation using probes and dyes 
and another that measures the susceptibility of DNA to denatur-
ation, which is higher in fragmented DNA [7]. The acridine orange 
test (AOT) exemplifies the second type of assay and differentiates 
sperm with normal double-stranded DNA (green fluorescence) and 
abnormal denatured or single-stranded DNA (orange-red fluores-
cence) with the help of the metachromatic shift properties of the 
stain [10,11]. AOT is a simple and affordable test for the assessment 
of DNA integrity in infertile men [11,12]. Clinical assessments of SDF 
by AOT must be performed on the total motile fraction of sperm 
rather than on raw ejaculate sperm, as raw semen contains a signifi-
cant number of degenerated and dead sperm with damaged DNA 
[13]. 

A study showed that couples with unexplained infertility had ele-
vated SDF but did not explore clinical correlations with the out-
comes of the ICSI cycles [4]. In previous studies, SDF values were 
evaluated prior to assisted reproductive treatment (ART) and, to im-
prove outcomes, the patients were allocated to IVF or ICSI based on 
their SDF values [5,6,14]. It has been reported that the negative ef-
fects of SDF on clinical outcomes are attenuated in young women 
with high-quality oocytes [15,16]. Only fresh transfers were consid-
ered in most of the studies; thus, the cumulative live birth rate (CLBR) 
was not measured [4,5]. The CLBR, which includes both fresh em-
bryo transfer (ET) and frozen embryo transfer (FET) cycles, measures 
the success of ART cycles [17]. This study aimed to determine the ef-
fect of SDF on the CLBR in ICSI cycles in couples with unexplained 
infertility. 

Methods 

1. Study population 
We conducted a prospective study of 145 couples with unex-

plained infertility (median age, 30.25 ± 4.33 years) who were under-
going their first ICSI cycles at the tertiary care center attached to our 
reproductive medicine unit at a medical college. This study was ap-
proved by the ethics committee of our institution. Written consent 
was obtained from all participating couples. A total of 145 ICSI cycles 

(one ICSI cycle per couple) were divided into two groups based on 
SDF rates: a low DNA fragmentation group (SDF ≤ 30%, n = 97) and 
a high DNA fragmentation group (SDF > 30%, n = 48) [7,18-21]. Clini-
cal and laboratory outcomes were correlated between the two 
groups. 

2. Inclusion and exclusion criteria 
Couples undergoing their first ICSI cycles for unexplained infertility 

were included in this study. The diagnosis of unexplained infertility 
was based on the following criteria: (1) normal ovarian reserve with 
an antral follicle count ≥ 8 and anti-Müllerian hormone levels ≥ 1.5 
ng/mL, (2) normal tubal patency and uterine function evaluated by 
diagnostic laparoscopy and hysteroscopy, and (3) normal semen pa-
rameters for the male partner according to World Health Organiza-
tion (WHO) 2010 criteria [22]. None of the female partners were 
≥ 41years of age in this study population. Female partners with < 5 
mature metaphase II oocytes and male partners with normal semen 
parameters (WHO 2010 criteria) altered on the day of transvaginal 
oocyte recovery (TVOR) or egg collection were excluded. Participants 
with life-threatening diseases such as cancer or chronic kidney dis-
ease were also excluded from the study.  

3. Semen analysis and preparation 
Patients collected semen samples in sterile, non-toxic containers 

by masturbation after sexual abstinence of 2–3 days. After 30 min-
utes of liquefaction, samples were evaluated for count, motility, and 
morphology according to the WHO 2010 criteria [22]. Semen sam-
ples were prepared using two-layer density gradient centrifugation 
(DGC; V-GRAD 80% and 40%, Vitromed, Jena, Germany) for ICSI. SDF 
was evaluated on the DGC prepared semen samples. 

4. Acridine orange test 
The assessment of SDF was done using AOT [10]. Smears with 10 

µL of post-wash samples were prepared and air-dried. Carnoy’s solu-
tion (methanol: glacial acetic acid, 3:1 vol/vol) was used to fix the 
slides overnight. The staining solution was prepared daily from a 
stock solution of acridine orange (1g/L in distilled water, stored in the 
dark at 4°C) at a ratio of 10 mL of stock solution to 40 mL of 0.1 M cit-
ric acid and 2.5 mL of 0.3 M sodium phosphate dibasic heptahydrate 
(Na2HPO4·7H2O), and the pH was adjusted to 2.5. The slides were 
stained with the above stain for 5 minutes, rinsed in distilled water, 
and covered with coverslips. 

The slides were examined for SDF using a fluorescence micro-
scope (Olympus CX31, Tokyo, Japan) under oil at × 1,000 with an ex-
citation of 450–490 nm. Green fluorescence represented normal in-
tact sperm, whereas red indicated fragmented and denatured 
sperm. Sperm with orange or yellow heads, as well as those display-
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ing green and red colors simultaneously, were also considered frag-
mented [10,23]. At least 400 sperm were assessed in each slide to 
calculate the average SDF. Slides were fixed on the same day as se-
men preparation and examined the next day for SDF by AOT. A sin-
gle highly skilled and trained andrologist evaluated all slides for con-
sistency and to prevent interpersonal variability. Each stained slide 
was read immediately after staining to reduce variation in fluores-
cence intensity. 

5. Ovarian stimulation 
Controlled ovarian stimulation was started from day 3 of the men-

strual cycle using recombinant follicle-stimulating hormone (Reca-
gon, MSD; Gonal-F, Merck, Kenilworth, NJ, USA). A gonadotropin-re-
leasing hormone antagonist (Cetrorelix Acetate, Emcure, Pune, India) 
was administered to suppress the pituitary function when a mini-
mum of one follicle ≥ 14 mm was seen. Recombinant human chori-
onic gonadotropin (Ovidrel, Merck) was administered when three or 
more follicles reached a diameter of ≥ 17 mm and appropriate se-
rum estradiol values were detected. TVOR was performed 35 hours 
after triggering with human chorionic gonadotropin. 

6. ICSI procedure 
The recovered oocytes were incubated in culture medium (One-

step; Vitromed) for 1–2 hours at 37°C in an atmosphere of 6% CO2, 
5% O2, and the remainder N2. The oocytes were denuded by hyaluro-
nidase (Hyadase 80 IU; Vitromed) at 37°C. The ICSI procedure, as de-
scribed by Palermo et al. [24], was performed by a highly skilled em-
bryologist. A morphologically normal and motile sperm was selected 
and immobilized in polyvinylpyrrolidone (PVP 7%; Vitromed). The 
immobilized sperm was aspirated tail-first into the injection pipette 
and injected into the oocyte. At 16–18 hours after ICSI, the oocytes 
that presented with two pronuclei and a second polar body were 
counted as fertilized. The fertilized zygotes were cultured until day 3 
or day 5 of ICSI for ET or cryopreservation. 

7. Embryo grading 
According to the Istanbul consensus, day-3 embryos were graded 

as A, B, and C based on the blastomere number, fragmentation per-
centage, and multinucleation [25]. Grade A indicated a good embryo 
with stage-specific 6–8 blastomeres, < 10% fragmentation, and no 
multinucleation; grade B indicated a fair embryo with stage-specific 
6–8 blastomeres, 10%– 25% fragmentation, and no multinucleation; 
and grade C indicated a poor embryo with non-stage specific blasto-
meres, severe fragmentation ( > 25%), and the presence of multinu-
cleation. 

Day-5 blastocysts were graded according to Gardner and School-
craft [26]. Expansion of the blastocysts was graded 3 to 6, and tro-

phectoderm (TE) and inner cell mass (ICM) were graded as A, B, or C. 
Expansion of the blastocyst was graded as follows: 3, full; 4, expand-
ed; 5, hatching; and 6, hatched. The TE was categorized as: grade A, a 
TE with many cells forming a cohesive epithelium; grade B, a TE with 
few cells forming a loose epithelium; and grade C, a TE with very few 
cells. Similarly, for ICM, the following grading was applied: grade A, a 
tightly packed ICM with many cells; grade B, a loosely grouped ICM 
with many cells; and grade C, an ICM with very few cells. 

8. Embryo vitrification and warming 
The surplus embryos were vitrified on either day 3 or day 5 by the 

Kitazato vitrification protocol (Kitazato, Japan) [27]. Briefly, the em-
bryos were placed in an equilibration solution for 10–15 minutes at 
room temperature (RT), then transferred to a vitrification solution 
(VS1, VS2) for 1 minute, and later the embryos were loaded with 
minimum media onto the top of a vitrification device (Cryolock; Fuji-
film/Irvine Scientific, Santa Ana, CA,USA). The device was plunged 
immediately into liquid nitrogen (LN2), capped inside the LN2, and 
then stored for future use. 

Similarly, warming of the day-3 or day-5 embryos was done using 
the Kitazato thawing protocol (Kitazato) [27]. Briefly, the uncapped 
vitrification device from the LN2 was placed directly in a thawing 
solution pre-warmed to37°C and the embryos were allowed to float. 
After 1 minute, the embryos were transferred to a diluent solution at 
RT for 3 minutes and then transferred to a washing solution (WS1, 
WS2) for 5 minutes and 1 minute consecutively. The embryos were 
finally moved to a culture dish and incubated at 37°C in an atmo-
sphere of 6% CO2, 5% O2, and the remainder N2 until the ET. 

9. Endometrium preparation 
After oocyte retrieval in patients undergoing ET cycles, daily mi-

cronized progesterone was administered vaginally (Crinone 8% gel, 
Merck, Kenilworth, NJ, USA) and on alternate days intramuscularly 
(Hald 100 mg, Intas, Ahmedabad, India) until the pregnancy test was 
confirmed negative, or continued for an additional 3 months if the 
pregnancy test was positive. 

In FET cycle patients, oral estradiol valerate (Evadiol, Intas, Ahmed-
abad, India) was used in a stepwise increasing dose pattern for prepa-
ration of the endometrium. The endometrial lining and thickness were 
observed regularly prior to the ET. Progesterone was administered in a 
method like that described in the ET cycles. For a day-3 or day-5 ET, 4 
or 6 days of progesterone was administered, respectively. 

10. Embryo transfer 
ET was performed under abdominal guided ultrasound (a maxi-

mum of 3 embryos) on either day 3 or day 5, depending on the qual-
ity of the embryos and the age of the patient. The embryos were 
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transferred using a soft catheter (Cook, Brisbane, Australia). The se-
rum β-hCG level was obtained 14 days after the transfer to confirm a 
positive pregnancy. Embryo utilization was calculated as the ratio of 
the number of embryos transferred and the number of embryos fro-
zen to the total number of embryos formed. The high-quality em-
bryo (grade A) rate at day 3 was calculated as the ratio of grade A 
embryos at day 3 to the total number of embryos cleaved. An intra-
uterine sac with the presence of a fetal heartbeat was considered a 
clinical pregnancy. The implantation rate was calculated as the pro-
portion of gestational sacs determined by ultrasound to the total 
number of embryos transferred. Miscarriage was defined as a preg-
nancy loss after detection of an intrauterine pregnancy by ultra-
sound before 20 weeks. The CLBR was calculated as the first live birth 
event per woman per egg collection over 2 years. 

11. Statistical analysis 
Data were shown as mean ± standard deviation for continuous 

variables and analyzed using the unpaired Student t-test. The cate-
gorical variables were presented as proportions between two groups 
and analyzed using the chi-square test. A stratified analysis for po-
tentially biasing factors such as day of transfer (day 3 and day 5) and 
type of transfer (fresh and frozen) on the CLBR was conducted using 
the chi-square test. The effect of SDF on the CLBR and the modifying 
effects of the biasing factors were assessed using logistic regression 
analysis. Multivariable logistic regression was used to analyze the ef-
fect of SDF on the CLBR and miscarriage rate while adjusting for pos-
sible confounders between the positive live birth group and the 
negative live birth group. Sample size calculation was done using 

G*Power version 3.1.9.7 (Franz Faul, University of Kiel, Germany),which 
indicated that 138 cycles would be adequate to demonstrate a 20% 
proportion difference with 80% power and a 5% significance level 
considering the miscarriage rate as the primary outcome. A p-value 
of < 0.05 was used to indicate statistical significance. The statistical 
analysis was executed using IBM SPSS ver. 21.0 (IBM Corp., Armonk, 
NY, USA). 

Results 

1. Demographic and embryological characteristics of couples 
with unexplained infertility in ICSI cycles 

When the demographic and embryological characteristics of cou-
ples with unexplained infertility were compared between the two 
SDF groups (low SDF ≤ 30% and high SDF > 30%), similar findings 
were observed for the ages of the female and male partners, years of 
infertility, number of previous failed IUI cycles, number of oocytes re-
trieved, number of metaphase II oocytes, fertilization rates, cleavage 
rates, embryo utilization rates, number of transferred embryos, and 
grade A embryo rates at day 3. The only meaningful difference was 
observed in the number of ET cycles per ICSI. A higher number of ET 
cycles per ICSI (p = 0.018) was seen in the high SDF group compared 
to the low SDF group (Table 1). 

2. Comparative analysis of semen parameters according to 
SDF group 

Semen parameters such as sperm count, total sperm count, motil-
ity, progressive motility, and morphology were similar between the 

Table 1. Demographic and embryological characteristics of the couples with unexplained infertility couples who underwent ICSI cycles

Characteristics SDF ≤ 30% SDF > 30% p-value
No. of patients 97 48
Female age (yr) 30.15 ± 4.27 30.44 ± 4.48 0.705
Male age (yr) 34.40 ± 4.64 34.85 ± 4.03 0.567
Year of infertility 2.98 ± 1.52 3.06 ± 1.47 0.785
No. of previous failed IUI cycles 1.94 ± 0.65 2.06 ± 0.69 0.334
No. of oocytes retrieved 14.83 ± 5.60 13.66 ± 4.41 0.209
No. of MII oocytes 12.60 ± 5.38 11.35 ± 4.26 0.162
Fertilization rate 84.08 ± 14.62 87.47 ± 14.30 0.188
Cleavage rate 82.19 ± 15.69 84.77 ± 16.74 0.364
Embryo utilization rate 65.82 ± 22.33 70.84 ± 22.42 0.206
Good quality embryo rate at day 3 41.18 ± 20.87 43.15 ± 23.66 0.610
No. of embryos transferred 2.11 ± 0.59 2.09 ± 0.56 0.818
No. of embryo transfer cycles 1.25 ± 0.48 1.46 ± 0.54 0.018a)

Values are presented as mean±standard deviation.
ICSI, intracytoplasmic sperm injection; SDF, sperm DNA fragmentation; IUI, intrauterine insemination; MII, metaphase II.
a)p<0.05.
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two SDF groups, whereas a significant difference was observed in 
the SDF rates (p < 0.001) (Table 2). 

3. Clinical outcomes in patients with unexplained infertility in 
ICSI cycles 

A total of 145 patients underwent 191 ET cycles (both ET and FET). 
In the low SDF group, 97 patients underwent 97 ICSI cycles and 121 
ET cycles, while 48 patients in the high SDF group underwent 48 ICSI 
cycles and 70 ET cycles. When the clinical outcomes between the 
two groups were compared, the high SDF group had a significantly 
lower CLBR (p = 0.029) and a significantly higher miscarriage rate 
(p = 0.045) than the low SDF group (Table 3). No significant differenc-
es in the implantation rates and cumulative pregnancy rates were 
observed between the two groups (Table 3). The cycles were further 
stratified according to the type of transfer (i.e., ET or FET). In the ET 
cycles (n = 96), 66 were in the low SDF group and 30 were in the high 

SDF group. The high SDF group had a significantly lower implanta-
tion rate (p = 0.031), clinical pregnancy rate (p = 0.005), and live birth 
rate (p = 0.004) than the low SDF group, although there was no sig-
nificant difference in the miscarriage rate. In the FET cycles (n = 95), 
55 were in the low SDF group and 40 were in the high SDF group, 
and no significant differences were found in the clinical outcomes 
between the groups (Table 3). 

In the low SDF group, out of 121 ET cycles, 66 (54.54%) were ET cy-
cles and 55 (45.45%) were FET cycles, whereas in the high SDF group, 
out of 70 ET cycles, 30 (42.85%) were ET cycles and 40 (57.14%) were 
FET cycles. There was no notable difference in the ET and FET cycles 
when the two groups were compared (p = 0.119) (Figure 1). In addi-
tion, ET cycles on day 3 and day 5 were also compared between the 
two groups. Couples in the low SDF group underwent 50 (41.32%) 
day-3 and 71 (57.85%) day-5 ET cycles, and couples in the high SDF 
group underwent 34 (48.57%) day-3 and 36 (51.42%) day-5 ET cy-

Table 2. Comparative analysis of semen parameters according to SDF group

Parameter SDF ≤ 30% SDF > 30% p-value
Sperm count ( × 106/mL) 39.06 ± 11.92 35.66 ± 12.78 0.117
Total sperm count ( × 106) 94.85 ± 37.49 86.91 ± 36.39 0.228
Motility (%) 58.79 ± 8.52 58.47 ± 8.24 0.833
Progressive motility (%) 45.64 ± 7.10 46.37 ± 7.23 0.228
Morphology (%) 5.18 ± 0.93 5.20 ± 0.89 0.889
SDF rate 14.19 ± 8.02 53.81 ± 16.28 < 0.001a)

Values are presented as mean±standard deviation.
SDF, sperm DNA fragmentation.
a)p<0.001.

Table 3. Clinical outcomes of patients with unexplained infertility who underwent ICSI cycles

Clinical outcome SDF ≤ 30% SDF > 30% p-value
Total embryo transfer cycles (n = 191) n = 121 n = 70
 Implantation rate 38.61 (95/246) 29.10 (39/134) 0.063
 Cumulative pregnancy rate 75.25 (73/97) 66.66 (32/48) 0.276
 Cumulative live birth rate 60.82 (59/97) 41.66 (20/48) 0.029a)

 Miscarriage rate 19.17 (14/73) 37.5 (12/32) 0.045a)

Fresh embryo transfers (n = 96) n = 66 n = 30
 Implantation rate 34.72 (50/144) 20.00 (13/65) 0.031a)

 Clinical pregnancy rate 66.66 (44/66) 36.66 (11/30) 0.005a)

 Live birth rate 54.54 (36/66) 23.33 (7/30) 0.004a)

 Miscarriage rate 18.18 (8/44) 36.36 (4/11) 0.191
Frozen embryo transfers (n = 95) n = 55 n = 40
 Implantation rate 44.11 (45/102) 37.68 (26/69) 0.402
 Clinical pregnancy rate 52.72 (29/55) 52.50 (21/40) 0.982
 Live birth rate 41.81 (23/55) 32.50 (13/40) 0.355
 Miscarriage rate 20.68 (6/29) 38.09 (8/21) 0.176

Values are presented as percent (positive number/total number).
ICSI, intracytoplasmic sperm injection; SDF, sperm DNA fragmentation.
a)p<0.05.
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ify the effect of SDF on the probability of cumulative live birth (OR, 
0.986; 95% CI, 0.971–1.002; p = 0.083) (Table 4). 

5. Demographic and embryological characteristics of couples 
with unexplained infertility in live birth groups 

The couples with unexplained infertility were divided into two 
groups based on live birth outcomes: (1) the positive live birth group 
and (2) the negative live birth group. These two groups showed sig-
nificant differences in the ages of both male (p = 0.020) and female 
partners (p = 0.034), the embryo utilization rate (p = 0.023), and 
grade A embryos (p = 0.045). No remarkable difference was noted in 
the SDF rates, number of mature oocytes, fertilization rates, cleavage 
rates, number of embryos transferred, and number of ET cycles per 
ICSI between the two groups (Table 5). 

6. SDF as a predictor of cumulative live birth and miscarriage 
in the ICSI cycles of couples with unexplained infertility 

When adjusted for the possible confounders between the positive 
live birth and negative live birth groups, multivariate logistic regres-
sion analysis showed that SDF was a predictor of cumulative live 
birth in couples with unexplained infertility (p = 0.047), although it 
did not significantly predict miscarriage (p = 0.621) (Table 6). 

Table 4. Stratification of the biasing factors between positive live 
birth and negative live birth groups

Biasing factor
Positive live  
birth group

Negative live  
birth group

p-value

Day of transfer (day 3/day 5) 79 (30/49) 66 (33/33) 0.145
Type of transfer (fresh/frozen) 79 (38/41) 66 (28/38) 0.494

Table 5. Demographic and embryological characteristics of couples with unexplained infertility subdivided into the live birth groups

Characteristics Positive live birth group Negative live birth group p-value
No. of patients 79 66 -
Female partner’s age (yr) 29.56 ± 3.77 31.08 ± 4.81 0.034a)

Male partner’s age (yr) 33.77 ± 3.92 35.48 ± 4.85 0.020a)

SDF rate 24.28 ± 19.07 30.92 ± 24.53 0.068
No. of MII oocytes 11.90 ± 5.14 11.73 ± 5.36 0.846
Fertilization rate 86.78 ± 12.67 83.31 ± 16.43 0.153
Cleavage rate 84.99 ± 14.16 80.71 ± 17.86 0.110
Embryo utilization rate 72.43 ± 22.66 63.96 ± 21.75 0.023a)

High-quality embryo rate 45.13 ± 21.16 37.88 ± 21.99 0.045a)

No. of embryos transferred 2.09 ± 0.59 2.24 ± 0.56 0.088
No. of embryo transfer cycles 1.28 ± 0.50 1.36 ± 0.52 0.347

Values are presented as mean±standard deviation.
SDF, sperm DNA fragmentation; MII, metaphase II.
a)p<0.05.

cles. There were no significant differences in the transfers (p = 0.330) 
among these groups (Figure 1). A minimum of one and a maximum 
of three ET cycles were done per ICSI. 

4. Stratification of biasing factors and their effect on the CLBR 
The day of transfer (day3/day5) and type of transfer (fresh/frozen) 

were considered as biasing factors. There was no significant differ-
ence in the live birth rate of the day-3 or day-5 transfers (p = 0.145). 
Similarly, there was no significant difference in the live birth rate be-
tween the fresh and frozen transfer cycles (p = 0.494) (Table 4). The 
biasing factors did not modify the effect of SDF as an independent 
predictor of cumulative live birth (odds ratio [OR], 0.986; 95% confi-
dence interval [CI], 0.971–1.001; p = 0.071) when evaluated using lo-
gistic regression analysis. The day of transfer did not modify the ef-
fect of SDF on the probability of cumulative live birth (OR, 0.987; 95% 
CI, 0.972–1.002; p = 0.095) and the type of transfer also did not mod-
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Figure 1. (A) Percentage of fresh embryo transfer (ET) and frozen 
embryo transfer (FET) cycles and (B) day 3 and day 5 embryo transfer 
cycles in the low sperm DNA fragmentation (SDF; ≤30%) and high 
SDF (>30%) groups.
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Discussion 

Routine semen analysis plays a salient role in the infertility evalua-
tion of men. However, its role is minor for couples with unexplained 
infertility since sperm abnormalities at the DNA level cannot be iden-
tified by routine methods. SDF, rather than normal semen analysis, 
has good diagnostic and prognostic capabilities for men with idio-
pathic infertility based on routine semen parameters [28-30].  

SDF can occur pre- or post-ejaculation due to various mechanisms, 
as described by Sakkas and Alvarez [31] and others [32]. The integrity 
of sperm DNA is necessary for proper fertilization and embryo devel-
opment. A study suggested that early paternal effects, before em-
bryonic genome activation, were not related to SDF, but that SDF 
was related to late paternal effects and could increase the risk of mis-
carriage [33]. Other studies also determined that the effect of SDF on 
pregnancy rates was modest in IVF cycles and had slight to no effect 
in ICSI cycles [4,7,34-37]. In contrast, some studies reported the neg-
ative effect of SDF on pregnancy rates in ICSI cycles [21,38,39]. In 
most studies, the correlation of SDF with clinical outcomes was limit-
ed to pregnancy rates only. According to a recent meta-analysis, very 
few studies correlated SDF with live birth rates in cycles of ICSI [14] 
and even fewer correlated SDF with CLBR. This is the first study to 
correlate SDF with CLBR in couples with unexplained infertility un-
dergoing ICSI cycles. The data on CLBRs provided by this study are 
particularly significant because both fresh and frozen ET outcomes 
were included in the analysis. It is challenging to report the CLBR, as 
the definition of this rate is inconsistent. In our study, the CLBR was 
defined as the first live birth event achieved from one TVOR/egg col-
lection cycle over a period of 2 years [40]. All patients in the present 
study underwent at least one ET cycle after TVOR. 

The main outcome measure of the present study was the CLBR in 
correlation with SDF in couples with unexplained infertility in ICSI cy-
cles. The high SDF group had a 1.5-fold lower CLBR (p=0.029) (Table 3) 
and a 2.0-fold higher miscarriage rate (p = 0.045) (Table 3) than the 
low SDF group. In this study, SDF was not correlated with fertiliza-
tion, cumulative pregnancy, and implantation rates, but there was a 
trend for high SDF to be associated with a lower implantation rate 
(p = 0.063) (Table 3), which was also observed in other studies [7,41]. 
In the stratification of transfer cycles, ET cycles had significant differ-
ences in the clinical outcomes between the high and low SDF groups 
(Table 3), whereas in FET cycles, clinical outcomes were similar be-

tween the high and low SDF groups, probably because some pa-
tients underwent more than one FET cycle and tended to opt for the 
maximum number of embryos to be transferred (i.e., 3) due to previ-
ous failed cycles. Nonetheless, the analysis of all cycles showed sig-
nificant associations between SDF and the live birth rate and miscar-
riage rates. Other studies have also found lower rates of implanta-
tion, clinical pregnancy, and live birth in ET cycles [4,7,41]. As report-
ed in other studies, we also found no remarkable differences in the 
grade A embryo rate at day 3 in both SDF groups after ICSI cycles 
[34,35,37]. In contrast, some studies contradicted these results and 
reported poor quality embryo outcomes in the high SDF group 
[7,36]. In most studies, the embryo utilization rate was not men-
tioned because only ET cycles were considered [4,5,7]. 

ICSI has been the most favored method for treating couples with 
well-defined idiopathic infertility [8]. It was evident from a previous 
study that couples can achieve a higher take-home baby rate with 
ICSI cycles rather than with conventional IVF cycles [42]. Therefore, in 
this study, all couples underwent ICSI irrespective of the SDF per-
centage. In most studies, SDF was evaluated prior to the ART cycles 
and IVF or ICSI cycles were chosen based on the SDF values, or sam-
ples were frozen and/or evaluated when needed [5,41,43,44]. In this 
study, the SDF was evaluated in the actual sperm to be used for the 
ICSI cycles and clinically correlated in an unbiased manner to im-
prove the outcome. 

The negative correlation of SDF with the live birth rate in IVF cycles 
was established in a recent meta-analysis [14] where the pooled data 
of six studies identified a negative correlation between SDF and live 
birth rates in ICSI cycles. However, the detrimental effect was nulli-
fied in a sub-group analysis that only included studies with female 
factors (age and ovarian reserve). Further studies on this issue are 
needed [14]. 

One study reported a significant difference in the live birth rate in 
IVF cycles with a high SDF and, to a lesser degree, in ICSI cycles; the 
weaker findings in ICSI cycles can be explained by the fact that there 
were many fewer patients in the low SDF group ( < 25%). The same 
study showed an approximately 12% lower live birth rate in ICSI pa-
tients with SDF of 25%–50% compared to those with SDF > 50% [4]. 
Similarly, other studies stated that couples in the high SDF groups 
had lower rates of ongoing pregnancy in ICSI cycles, which was cor-
roborated by the present study [41,43]. In contrast, other studies re-
ported no significant correlation between the live birth rate and SDF 

Table 6. SDF as a predictor of cumulative live birth and miscarriage in ICSI cycles of unexplained infertility couples

Clinical outcome Adjusted OR 95% CI p-value Confounder adjusted
Cumulative live birth 0.984 0.968–1.000 0.047 Female partner’s age, embryo utilization rate, high-quality embryo rate
Miscarriage 1.005 0.985–1.025 0.621 Female partner’s age, embryo utilization rate, high-quality embryo rate

SDF, sperm DNA fragmentation; ICSI, intracytoplasmic sperm injection; OR, odds ratio; CI, confidence interval.
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in either IVF or ICSI cycles [44].  
SDF was positively correlated with the miscarriage rate in this 

study at a threshold of 30%. Spontaneous abortion rates were higher 
in ICSI cycles with SDF > 30%, as reported by Zini et al. [36]. In a me-
ta-analysis by Robinson et al. [45], a review of 16 studies and other 
recent studies corroborated that SDF was positively correlated with 
spontaneous miscarriage [7,46]. Even with optimizations such as se-
men sample preparation by DGC, morphologically good sperm se-
lection through ICSI, and the selection of high-quality embryos for 
transfer, the miscarriage rates were significant when correlated with 
SDF in this study. As mentioned earlier, this may be attributed to the 
late paternal effect of male gene expression [33].  

To some extent, the effect of SDF on the clinical outcome de-
pends on the quality of the oocyte [15]. Sperm depends on the oo-
cyte for post-fertilization DNA repair, and high-quality oocytes can 
help mitigate the effect of SDF on pregnancy outcomes [15]. The 
female partners were significantly younger in the positive live birth 
group (29.56 years) than in the negative live birth group (31.08 
year, p = 0.034) (Table 5). Growing evidence suggests that 
high-quality oocytes from younger women can overcome the ef-
fect of SDF on pregnancy outcomes [15,16], as corroborated by the 
present study. 

The SDF, fertilization, and cleavage rates showed no notable differ-
ences between the live birth groups. In the positive live birth group, 
the grade A embryo rate was higher (p = 0.045) (Table 5), which led 
to a higher embryo utilization rate (p = 0.023) (Table 5). This may be 
attributed to the young female partners with high-quality oocytes in 
the positive live birth group as compared to the negative live birth 
group, whose female partners were comparatively older. High-quali-
ty oocytes have the capacity to repair damaged sperm DNA even de-
spite SDF. Similar conclusions have been proposed in other studies 
[15]. Since female age, embryo utilization rate, and the grade A em-
bryo rate showed statistically significant differences between the live 
birth groups, they were considered as confounding factors. When 
the effect of SDF on the cumulative live birth was adjusted for these 
confounding factors, SDF was a significant predictor of cumulative 
live birth (p = 0.047) (Table 6) in the ICSI cycles of couples with unex-
plained infertility. The effect of SDF on the CLBR was not significant 
(p > 0.05) (Table 4) when modified by these biasing factors; there-
fore, they were not considered as confounding factors for the CLBR 
in couples with unexplained infertility. 

AOT is an established method for assessing the integrity of sperm 
DNA in infertile men [11,12]. Using AOT, an unfavorable effect of 
SDF on pregnancy and implantation rates was found in the high 
SDF group in ICSI cycles [21], and this finding has clinical signifi-
cance for patients with repeated early pregnancy loss [46]. The mis-
carriage rate was directly correlated with SDF in this study. Of the 

16 studies included in a meta-analysis on SDF and miscarriage, 
eight used AOT, six used the TdT (terminal deoxynucleotidyl trans-
ferase)-mediated dUDP nick-end (TUNEL) assay, and two used the 
comet assay [45]. 

The AOT method is simple, inexpensive, and convenient to use 
routinely in-house. The principle of AOT is similar to that of the sperm 
chromatin structural assay (SCSA) except for the number of sperm 
counted. In this study, a trained and technically skilled in-house em-
bryologist evaluated the slides for SDF. We have been using the AOT 
method to assess SDF since 2012 for various research projects [47]. 
Although the AOT is not as robust as the SCSA, the cells can be differ-
entiated easily, and the SDF rate can be evaluated technically. How-
ever, there is a lack of consistency across studies regarding the 
threshold value for AOT, which is set at 30%–50% for clinical correla-
tions [12,21,48]. In this study, at a threshold value of 30%, the SDF 
was inversely correlated with the CLBR and directly correlated with 
the miscarriage rate of ICSI cycles in couples with unexplained infer-
tility. 

The percentage of couples with high SDF in this study was approx-
imately 33% of all couples with unexplained infertility. The low per-
centage compared to other studies may have been due to the use of 
prepared sperm samples to evaluate SDF rather than raw semen 
samples [4,5]. Although ICSI was performed in order to optimize out-
comes in all couples, the couples with high SDF needed to undergo 
a significantly higher number of ET cycles (p = 0.018) (Table 1) than 
the low SDF group, which is both financially and emotionally bur-
densome to couples. Furthermore, even with more ET cycles, the fer-
tility rate was significantly lower in the high SDF group than in the 
low SDF group. After a negative result, many couples  

do not return for another transfer even if they have embryos fro-
zen. Therefore, treatment interventions to reduce the SDF such as 
antioxidant therapy, lifestyle modifications, and dietary supplements 
[49-52], or the use of techniques (e.g., microfluidics and magnet-
ic-activated cell sorters) to select sperm with low or barely detect-
able levels of SDF without further damaging the sperm cells can be 
used to improve the clinical outcomes [53,54].  

Despite the valuable results obtained in the study, the authors 
recognize its limitations. The sample size was small because only 
couples with unexplained infertility who underwent ICSI cycles were 
included. The AOT method may not be as robust as the gold-stan-
dard SCSA method but, as already mentioned, the AOT method is 
simple, inexpensive, and comparable to the SCSA method. We were 
unable to calculate the blastulation rate as some patients under-
went both day-3 and day-5 ET cycles. Finally, SDF is a contributing 
factor along with other confounders, not an independent predictor 
of CLBR in the ICSI cycles of couples with unexplained infertility. 

In conclusion, SDF negatively influenced the CLBR, and a high SDF 
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was associated with a higher miscarriage rate in the ICSI cycles of 
couples with unexplained infertility. These findings suggest that 
there is a need to evaluate SDF prior to ART cycles in couples with 
unexplained infertility to enable better counseling. 
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Introduction 

The number of male cancer survivors of reproductive age has 
been steadily increasing, and concerns for the quality of life of pa-
tients with cancer, including fertility preservation, have received 
widespread attention. Sperm cryopreservation has been strongly 
recommended before cancer treatment since sperm quality may de-
crease posttreatment [1,2]. To obtain the desired number of sperm 
samples for cryopreservation, male patients are required to ejaculate 
multiple times within several days. 
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Objective: This prospective consecutive study investigated the variation in sperm DNA fragmentation (SDF) in multiple semen samples from 
patients with cancer. 
Methods: Eighty-one patients with various cancers underwent multiple semen collections on 3 consecutive days for sperm cryopreservation 
prior to cancer treatment. A commercial Halosperm kit was used to measure SDF. Within- and between-subject coefficients of variation were 
estimated via random-effects analysis of variance to assess the consistency of semen parameters and SDF. Intraclass correlation coefficients 
(ICCs) were calculated to assess the magnitude of the between-subject component of variance relative to the total variance. 
Results: The volume of semen in the day-2 and day-3 samples was significantly lower compared with the day-1 sample. Most parameters 
showed high ICC values, suggesting that within-subject fluctuations were small relative to the between-subject variability. The highest ICC 
values were identified for the SDF (ICC, 0.68; 95% confidence interval [CI], 0.45–0.84) and semen volume (ICC, 0.67; 95% CI, 0.45–0.84). 
Conclusion: Our findings showed that repeated ejaculates from patients with cancer had stable SDF levels. 
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The World Health Organization (WHO) recommends that semen 
be collected after abstinence for 3–7 days [3]. To collect enough sam-
ples, the American Society of Clinical Oncology guideline recom-
mends that sperm banking be performed quickly, at 24-hour inter-
vals [4]. To the best of our knowledge, only one study has evaluated 
the quality of semen in male patients with cancer who underwent 
several sessions of ejaculation within a short period [5]. When ana-
lyzing the consistency of conventional semen parameters, repeated 
ejaculates did not show significant variation in semen quality over a 
maximum of 5 consecutive days. However, we cannot conclude that 
the sperm is completely normal because conventional semen pa-
rameters do not include all functions of sperm.  

In current clinical practice, the evaluation of male fertility is largely 
dependent on conventional semen analysis. However, conventional 
semen analysis can be unreliable for predicting in vitro fertilization 
(IVF) outcomes. To overcome these limitations, the use of sperm DNA 
fragmentation (SDF) analysis has gained increasing popularity. Re-
cent studies [6-8] have demonstrated that SDF levels have a signifi-
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cant association with IVF outcomes. In IVF/intracytoplasmic sperm 
injection (ICSI) cycles, a high SDF level was shown to be associated 
with low embryo formation rates [6]. A high SDF level was also asso-
ciated with a high miscarriage rate [7]. A meta-analysis including 13 
prospective studies showed that male partners with a history of re-
current pregnancy loss have significantly higher levels of SDF com-
pared with fertile control participants [8]. 

There are various techniques for measuring SDF, including the ter-
minal deoxynucleotidyl transferase-mediated deoxyuridine triphos-
phate nick-end labeling assay, sperm chromatin structure assay, 
Comet assay, and sperm chromatin dispersion (SCD) assay. The SCD 
assay is widely used because it is simple, quick, and highly reproduc-
ible [9]. Several studies [10-12] have reported on the consistency of 
semen parameters using within-subject coefficients of variation 
(CVw). However, variation in the semen quality of repeated ejacu-
lates related to SDF has never been investigated, especially in pa-
tients with cancer. In the present study, we used the SCD assay to an-
alyze the variation of conventional semen parameters as well as SDF 
in patients with cancer who visited our sperm bank clinic before can-
cer treatment. 

Methods 

1. Subjects 
Eighty-one patients with various cancers underwent one or multi-

ple semen collections for sperm cryopreservation between 2016 and 
2017 at the Seoul National University Bundang Hospital. Germ cell 
tumors (16 patients) and lymphomas (16 patients) were the two 
most common cancers, followed by gastrointestinal cancer (15 pa-
tients) and leukemia (7 patients). The mean age of the patients at the 
time of semen collection was 27.5 ± 7.5 years (range, 14–42 years) 
and most were not married. None of the patients had received che-
motherapy before semen collection. The Institutional Review Board 
of the Seoul National University Bundang Hospital approved the use 
of individual data from patients’ medical records (No. B-1403-242-
102). All participants provided written informed consent. 

2. Laboratory analysis 
Semen collections were repeated one to five times (mean, 

2.6 ± 0.8) for each patient within a maximum 5 days. All semen sam-
ples were obtained in sterile containers by masturbation. After lique-
faction for 30 minutes at room temperature (RT), routine sperm qual-
ity was assessed via a computer-assisted semen analysis system 
(SAIS-PLUS 10.1; Medical Supply, Seoul, Korea) within 1 hour of col-
lection. The evaluated semen parameters were semen volume (mL), 
sperm concentration ( × 106/ mL), total sperm count (semen vol-
ume × sperm concentr ation), progressive motility (%), and total mo-

tile count (TMC) (semen volume × sperm concentr ation × progres-
sive motility/100). To ensure accuracy of the results, a manual assess-
ment was also performed. 

For the SCD assay, a Halosperm kit (Halotech DNA, Madrid, Spain) 
was used, as described previously [13]. The semen samples (25 µL) 
were mixed with pre-warmed agarose gel and dropped onto slides. 
The slides were covered with a glass coverslip and kept in a refrigera-
tor for 5 minutes at 4°C to create a microgel with the implanted 
sperm. The coverslip was then removed and the slides were im-
mersed in a prepared acid solution (80 µL of hydrogen chloride in 10 
mL of distilled water) for 7 minutes at RT. The slides were then trans-
ferred to the tray with a lysis solution and incubated for 25 minutes 
at RT. The slides were rinsed with distilled water for 5 minutes, fol-
lowed by dehydration in increasing concentrations of ethanol (70%, 
90%, and 100%, for 2 minutes each). After drying, the slides were 
stained with Diff-Quik (Baxter Diagnostics Inc., McGaw Park, IL, USA), 
rinsed under tap water, and air-dried at RT. 

Each slide was examined under a light microscope at × 400 mag-
nification, and at least 200 sperms wer e assessed for halo patterns. 
Each sperm was categorized as having a large halo, medium halo, 
small halo, no halo, or degraded. Sperms with a small halo or no halo 
and degraded sperms were classified as sperms with fragmented 
DNA. The SDF level was the percentage of sperms with fragmented 
DNA per total sperms. 

3. Data analysis 
We initially obtained 172 semen analysis results from 97 male pa-

tients. The semen samples collected on the first day were regarded 
as day-1 (D1) samples. There were 81 D1 samples, 51 day-2 (D2) sam-
ples, 20 day-3 (D3) samples, 11 day-4 (D4) samples, and 9 day-5 (D5) 
samples. Because the D4 and D5 samples were too small, we only 
analyzed the D1, D2, and D3 samples (81 men, 152 samples). The se-
men analysis results of the D2 and D3 samples were compared with 
the results of the D1 samples using the Wilcoxon signed-rank test. 
Based on our previous study [5], we selected the parameters (vol-
ume, concentration, motility, and SDF) that we thought were the 
most meaningful. The relationship between SDF levels and the other 
semen parameters was evaluated using linear regression analysis. 

The coefficient of variation (CV) was calculated as the square root 
of the variance component estimate divided by the overall mean and 
expressed as a percentage (CV = [standard deviation/mean] × 100). 
Corr elations between the within-subject standard deviation and in-
dividual means were analyzed using the Spearman correlation test. 
To compare the size of the between-subject coefficient of variance 
(CVb) to the total (between- and within-subject) component of vari-
ance, intraclass correlation coefficients (ICCs) in a two-way random 
effects model were used. In this setting, the ICC could estimate how 
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strongly repeated measures in the same individual were correlated, 
thereby providing a measure of the within-subject consistency (sta-
bility) of the semen parameters. A high ICC value indicates that with-
in-subject fluctuations were small relative to the between-subject 
variability. In the present study, the following scale was used to inter-
pret reliability: excellent, > 0.75; good, 0.60–0.74; fair, 0.40–0.59; and 
poor, < 0.4. 

Results 

Semen volume, sperm concentration, motility, and SDF levels from 
the D1 to D3 samples are depicted in Figure 1 as box and whisker 
plots. As shown in Table 1, semen volume and sperm concentration 
were significantly reduced in the D2 and D3 samples when compared 
with the D1 samples. Total sperm count, motility, and TMC were not 
changed significantly in D1 through D3 samples. The SDF level was 
significantly reduced in D2 samples only, when compared with D1 
samples. Correlations between SDF levels and other semen parame-

ters are shown in Table 2. There was no association between SDF lev-
els and semen volume, sperm concentration, or total sperm count in 
the D1, D2 and D3 samples. The SDF level had a significant negative 
relationship with motility in the D1 samples only (r = –0.273, 
p = 0.014). 

The CVw, CVb, and ICC values for various semen parameters are 
presented in Table 3. All analyzed parameters showed higher be-
tween-subject variability than within-subject variability. Semen vol-
ume and motility demonstrated the smallest degree of variation, 
both within and between subjects. Semen volume and motility 
showed the lowest CVw (26.4 and 27.4, respectively), whereas total 
sperm count and TMC showed the highest CVw (68.3 and 58.0, re-
spectively).  

Semen volume and SDF showed an ICC value with good reliability 
(between 0.60 and 0.74). The ICC value of SDF was highest (0.68; 
95% confidence interval [CI], 0.45–0.84), followed by semen volume 
(0.67; 95% CI, 0.45–0.84). The ICC values of total sperm count and 
sperm concentration were less than 0.40. 

Figure 1. Box whisker plots showing consecutive changes in semen volume (A), sperm concentration (B), sperm motility (C), and sperm DNA
fragmentation (SDF; D) levels from day 1 to day 3 semen samples in 81 patients with cancer (number of samples: day 1, 81; day 2, 51; day 3, 20).
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Discussion 

All semen parameters of the D1, D2, and D3 samples were main-
tained within the normal range according to the 2010 WHO guide-
lines [3]. This suggested that the presence of various cancers did not 
significantly affect semen quality in the study group. Although there 
have been conflicting results, previous studies have shown normal 
semen analysis of patients with various cancers (except testicular 
cancer) [14,15]. This study confirmed that repeated ejaculates from 
patients with a variety of cancers maintained good sperm quality, as 
we also reported in a previous study [5]. In our data, the median SDF 
level was 17.0% in D1 samples, 15.7% in D2 samples, and 17.8% in 
D3 samples. All values were less than 30% (a cutoff point suggested 

by previous literature [16-18]), which supports the finding that re-
petitive ejaculates from patients with a variety of cancers maintained 
relatively stable DNA integrity during the 3 days of sperm collection. 

The conventional semen parameters of repetitive ejaculates in the 
same individual are known to have a wide CV due to high biological 
variation [12,19]. Therefore, at least two semen samples should be 
examined after 3-7 days of ejaculatory abstinence to assess the fertil-
ity of male partners [3]. In the present study, the CVw ranged from 
26.4%–68.3% and the CVb ranged from 41.2%–181.0%. Similar re-
sults were observed in our previous study (CVw, 17.2%–51.5%; CVb, 
29.6%–146.8%) [5], as well as another study on healthy men [12]. 
The present results showed that the CVb in all parameters was high-
er than the CVw, and that sperm concentration showed the highest 

Table 2. Correlation coefficients between sperm DNA fragmentation level and other semen parameters from the first day sample to the 
third day samples

Variable
Day 1 Day 2 Day 3

r p-value r p-value r p-value
Semen volume (mL) 0.189 0.090 0.235 0.098 0.233 0.322
Sperm count ( × 106) 0.166 0.138 0.069 0.635 0.208 0.378
Sperm concentration ( × 106/mL) 0.138 0.220 –0.055 0.705 0.090 0.705
Sperm motility (%) –0.273 0.014 0.220 0.121 0.238 0.311
Total motile sperm count ( × 106) 0.036 0.751 –0.041 0.777 0.005 0.982

Number of samples:  day 1, 81; day 2, 51; day 3, 20.

Table 3. Within-subject coefficients of variation, between-subject coefficients of variation, and intraclass correlation coefficients of semen 
parameters in three-times ejaculates from 81 men

Parameter CVw (%) CVb (%) ICC 95% CI
Semen volume (mL) 26.4 50.5 0.67 0.45 to 0.84
Sperm count ( × 106) 58.0 155.1 0.36 0.09 to 0.64
Sperm concentration ( × 106/mL) 47.4 75.0 0.19 –0.05 to 0.49
Sperm motility (%) 27.4 41.2 0.43 0.15 to 0.69
Total motile sperm count ( × 106) 68.3 181.0 0.42 0.15 to 0.68
Sperm DNA fragmentation (%) 33.3 72.6 0.68 0.45 to 0.84

CVw, within-subject coefficients of variation; CVb, between-subject coefficients of variation; ICC, intraclass correlation coefficients; CI, confidence interval.

Table 1. The median values of semen parameters from the first day sample to the third day samples

Variable Day 1 Day 2 Day 3
Number of samples 81 51 20
Semen volume (mL) 2.5 (0.6–7.5) 2.0 (0.5–5.0)a) 2.0 (0.5–4.5)a)

Total sperm count ( × 106) 181.0 (9.4–1710) 115.8 (6.0–4740) 105.8 (40.5–473)
Sperm concentration ( × 106/mL) 98.0 (9.0–261.0) 50.5 (4.0–442)a) 56.0 (13.0–133.1)a)

Sperm motility (%) 44.8 (8.9–84.1) 43.7 (3.5–88.6) 42.9 (20.8–96.1)
Total motile sperm count ( × 106) 70.4 (2.4–1,049.6) 52.4 (0–2,888.6) 64.7 (12.2–379.4)
Sperm DNA fragmentation (%) 17.0 (5.0–78.3) 15.7 (2.0–71.0)a) 17.8 (2.7–51.7)

Values are presented as median (range).
a)p<0.05 when compared with day 1 sample (Wilcoxon signed-rank test).
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variation, as reported in previous studies [5,10]. 
To the best of our knowledge, this is the first report to demonstrate 

the consistency of SDF during repetitive semen collections. The SDF 
levels in the present study were much higher in the CVb than the CVw, 
which suggests that SDF is highly individual. Because SDF levels 
showed relatively low CVw and high ICC values, the SDF level was a 
highly reliable parameter among several semen parameters. 

There have been several studies analyzing the association be-
tween SDF and semen parameters [16,20-22]. Nevertheless, the con-
clusions are still unclear and controversial. In the present study, SDF 
levels in the D1 samples had a significantly negative relationship 
with motility, which is consistent with previous reports [16,20,21]. 
The non-association between SDF levels and motility in the D2 and 
D3 samples might be attributed to the small number of samples. The 
association between SDF level and sperm concentration has shown 
conflicting results [16,22]. In our study, the SDF level showed no rela-
tionship with sperm concentration. One reason to consider is that 
the patients included in this study were relatively younger than in 
other studies. 

In conclusion, we demonstrated that repeated ejaculates from pa-
tients with a variety of cancers did not show a substantial variation in 
SDF levels. Further large-scale studies are required to investigate the 
sperm quality of repeated ejaculates, including D4 and D5 samples. 
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Introduction 

Anti-Müllerian hormone (AMH) is a dimeric glycoprotein that is a 
member of the transforming growth factor β family. It is produced in 
the Sertoli cells of testes and plays a role in male sexual differentia-
tion [1]. AMH is also produced in the granulosa cells of pre-antral and 
small antral follicles in women [2,3]. The serum AMH level is widely 
used to assess ovarian reserve and predict the ovarian response to 
an exogenous gonadotropin in in vitro fertilization (IVF) cycles [1,4-
9]. It has been shown that the serum AMH level has similar or better 
performance than the antral follicle count (AFC) for predicting the 
oocyte yield in stimulated IVF cycles [10]. 

Measurement of serum AMH by enzyme-linked immunosorbent 
assays was first reported in the 1990s; this so-called first-generation 
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Objective: The aim of this study was to assess the correlation of oocyte number with serum anti-Müllerian hormone (AMH) levels measured 
by two automated methods (Access or Elecsys) in fresh stimulated in vitro fertilization (IVF) cycles. 
Methods: In this retrospective study at a university hospital, data were collected from 243 fresh stimulated IVF cycles performed from August 
2016 to December 2020. The serum AMH level was measured by Access in 120 cycles and by Elecsys in 123 cycles. The cut-off of serum AMH 
for prediction of poor responders (three or fewer oocytes) or high responders (15 or more oocytes) was calculated by the receiver operating 
characteristic curve analysis. 
Results: For the two automated methods, the following equations were derived: total oocyte number=2.378+1.418×(Access-AMH) (r=0.645, 
p<0.001) and total oocyte number=2.417+2.163×(Elecsys-AMH) (r=0.686, p<0.001). The following combined equation could be derived: 
(Access-AMH)=0.028+1.525×(Elecsys-AMH). To predict poor responders, the cut-off of Access-AMH was 1.215 ng/mL (area under the curve 
[AUC], 0.807; 95% confidence interval [CI], 0.730–0.884; p<0.001), and the cut-off of Elecsys-AMH was 1.095 ng/mL (AUC, 0.848; 95% CI, 
0.773–0.923; p<0.001). To predict high responders, the cut-off of Access-AMH was 3.450 ng/mL (AUC, 0.922; 95% CI, 0.862–0.981; p<0.001), 
and the cut-off of Elecsys-AMH was 2.500 ng/mL (AUC, 0.884; 95% CI, 0.778–0.991; p<0.001). 
Conclusion: Both automated methods for serum AMH measurement showed a good correlation with oocyte number and good perfor-
mance for predicting poor and high responders in fresh stimulated IVF cycles. The Access method usually yielded higher measured serum 
AMH levels than the Elecsys method. 
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AMH assay was developed and produced both by Diagnostic Sys-
tems Lab (DSL) and Immunotech (IOT). Each company’s assay used 
different primary antibodies against AMH and different calibrators, 
resulting in different values when the same sample was analyzed 
[11]. The DSL antibody and IOT standard calibrators were later com-
bined in 2010, and the second-generation (Gen II, original) assay was 
developed by Immunotech Beckman Coulter [12,13]. Shortly there-
after, the revised Gen II assay was introduced by adding a pre-mix 
step with new AMH reference ranges in 2013 [3]. The revised Gen II-
AMH level was usually somewhat higher than the original Gen II-
AMH level [3]. 

In 2015, fully automated AMH assays were released by Beckman 
Coulter (Access) and by Roche (Elecsys) [14,15]. The automated assay 
uses recombinant AMH as a calibrator, thereby reducing the test 
time and improving sample instability or variability. Ultimately, the 
reproducibility was quite substantially improved compared to the 
previous manual methods [16-19]. Tadros et al. [19] reported that, on 
average, Access-AMH levels were 16% lower and Elecsys-AMH levels 
were 20% lower than the levels reported using the revised Gen II as-
say in patients with reduced AFC. Therefore, the AMH levels mea-
sured by the automated assays are considered to be similar to those 
obtained using the original Gen II assay [18]. However, Access-AMH 
showed a better correlation with oocyte number than the revised 
Gen II assay [15,18]. Theoretically, both Access-AMH and Elecsys-
AMH levels in a single person would be expected to be similar be-
cause both methods use the same antibody. Nonetheless, the possi-
bility of a difference in these measured values in a single person still 
exists, since Access-AMH uses five approximate calibration points 
(0.16, 0.6, 4, 10, and 24 ng/mL), but Elecsys-AMH uses three points. 

In previous studies, the Access-AMH levels and Elecsys-AMH levels 
in the same patient showed a significant correlation, and there was a 
tendency for higher levels to be measured using Access-AMH than 
using Elecsys-AMH [14,20,21]. In the present study, we evaluated the 
association of oocyte number with Access-AMH levels or Elecsys-
AMH levels in different cohorts of patients undergoing stimulated 
IVF cycles, and determined the cut-off of Access-AMH or Elecsys-
AMH to predict poor responders (3 or fewer oocytes) or high re-
sponders (15 or more oocytes). 

Methods 

1. Study subjects and AMH measurements 
We selected 243 fresh IVF cycles performed between August 2016 

and December 2020 at Seoul National University Bundang Hospital. 
The initial indication of IVF was unexplained infertility in 48 couples, 
diminished ovarian reserve in 46 couples, tubal factor infertility in 38 
couples, endometriosis in 24 couples, male factor infertility in 22 

couples, and mixed-cause infertility in 65 couples. The Institutional 
Review Board of the Seoul National University Bundang Hospital ap-
proved the use of patients’ medical records and IVF laboratory data 
(No. B-2110-714-101). As this study was a retrospective study, only 
the data on the procedure already performed were used, so patient 
consent was omitted.

In all cycles, full stimulation with recombinant follicle-stimulating 
hormone (FSH) with or without purified human menopausal gonad-
otropin (hMG) (excluding mild stimulation or natural cycle) was used, 
and the serum AMH level was measured within 1 year before ovarian 
stimulation by Access (Beckman Coulter, Brea, CA, USA) in 120 cycles 
and by Elecsys (Roche Diagnostics, Basel, Switzerland) in 123 cycles. 
The AMH measurement method was assigned at random or at the 
physician’s preference. 

The Access-AMH and Elecsys-AMH assays are automated immuno-
assays that utilize chemiluminescence for detection. They are not 
susceptible to interference by serum complement [22]. The total du-
ration of assay is 39 minutes for Access-AMH and 18 minutes for 
Elecsys-AMH. The measurement range of Access-AMH is 0.02–24.00 
ng/mL, and the intra- and inter-assay coefficients of variation are 
≤ 1.7% and ≤ 2.8% according to the manufacturer’s instructions. For 
Elecsys-AMH, the measurement range is 0.01–23.00 ng/mL, and the 
intra- and inter-assay coefficients of variation are ≤ 2.6% and ≤ 3.9%, 
respectively [22]. 

2. Ovarian stimulation protocols 
Ovarian stimulation was performed with recombinant FSH (Go-

nal-f; Merck Serono, Darmstadt, Germany) (142 cycles), recombinant 
FSH and purified hMG (Menopur; Ferring Pharmaceuticals, Kiel, Ger-
many) (7 cycles), or recombinant FSH and recombinant luteinizing 
hormone (Pergoveris, Merck Serono) (17 cycles). A flexible gonado-
tropin-releasing hormone (GnRH) antagonist was used for pituitary 
suppression in all IVF cycles. Briefly, gonadotropins (according to the 
serum AMH level and individual ovarian response of previous cycles) 
were started on menstrual day 2–4 and the doses were adjusted. 
When the leading follicle reached a diameter of 14 mm, cetrorelix 
(Cetrotide, 0.25 mg/day; Merck Serono) was started and when the 
leading follicle reached a diameter of 18–19 mm, 250 μg or 500 μg 
of recombinant human chorionic gonadotropin (hCG; Ovidrel, Mer-
ck-Serono) (171 cycles), 5,000 IU of urinary hCG (IVF-C; LG Chemical, 
Seoul, Korea) (2 cycles), a GnRH agonist (Decapeptyl [0.2 mg], Fer-
ring) (3 cycles), or 250 μg of recombinant hCG with a GnRH agonist 
(Decapeptyl [0.2 mg]) (67 cycles) was administered for final trigger-
ing. Oocytes were retrieved 35–36 hours later. The total oocyte num-
ber and the mature oocyte number were recorded. In most cases, 
oocyte maturity could be easily evaluated under stereomicroscopy 
on the basis of the cumulus pattern. In situations where the maturity 
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was unclear due to dark cumulus cells or blood clots, the oocytes 
were denuded using 85 IU/mL hyaluronidase (Cook, Bloomington, 
IN, USA) and mechanical pipetting. Mature oocytes were defined ac-
cording to the presence of the first polar body and absence of a ger-
minal vesicle. 

3. Data analysis 
Statistical analysis was performed using IBM SPSS ver. 25.0 (IBM 

Corp., Armonk, NY, USA). All variables were presented as mean ±  
standard deviation. Correlations between pairs of numeric parame-
ters (such as serum AMH level, serum estradiol level at triggering day, 
the number of total or mature oocytes, and ovarian sensitivity [OS]) 
were assessed by the Spearman rank test. The OS was calculated in 
two ways; The OS-TO was defined as the total oocyte number per 
500 IU of total gonadotropins, and the OS-MO was defined as the 
mature oocyte number per 500 IU of total gonadotropins. Equations 
were derived for the relationships between pairs of numeric parame-
ters through linear regression analysis. The cut-off of serum AMH for 
the prediction of poor responders (3 or fewer oocytes) or high re-
sponders (15 or more oocytes) was calculated using receiver operat-
ing characteristic curve analysis. A p-value < 0.05 was considered to 
indicate statistical significance. 

Results 

The basal characteristics of two cohorts are shown in Table 1. The 

mean total gonadotropin dose was significantly higher in the 
Elecsys-AMH cohort than in the Access-AMH cohort. The correlation 
coefficients between serum AMH levels and five stimulation out-
comes are presented in Table 2. Serum estradiol level at triggering 
day, the number of total or mature oocytes, OS-TO, and OS-MO were 
all positively associated with the Access-AMH level or Elecsys-AMH 
level, with statistical significance.  

Figure 1 shows the linear regression lines between the Access-AMH 
level or Elecsys-AMH level and the total oocyte number. Linear re-
gression analysis derived four equations to show the relationships 
between four stimulation outcomes and AMH levels (Table 3). For 
each stimulation outcome, when two equations (from Access-AMH 
and Elecsys-AMH) were combined, a total of four equations to show 
the correlations between the Access-AMH level and the Elecsys-AMH 

Table 1. Basal clinical characteristics of Access-AMH cohort and Elecsys-AMH cohort and their stimulation outcomesa)

Variable
Access-AMH cohort 

(120 cycles)
Elecsys-AMH cohort 

(123 cycles)
p-value

Female age (yr) 36.8 ± 4.9 37.1 ± 4.5 0.620
Male age (yr) 39.9 ± 5.4 39.1 ± 5.1 0.689
Cause of infertility < 0.001
 Male factor 12 (10.0) 10 (8.1)
 Female factor 94 (78.3) 70 (56.9)
 Combined 5 (4.2) 4 (3.3)
 Unexplained 9 (7.5) 39 (31.7)
Serum AMH level (ng/mL) 2.19 ± 2.54 1.82 ± 1.48 0.253
Duration between measurement of serum AMH and oocyte pick-up (day) 87.2 ± 93.9 100.1 ± 96.7 0.466
Total dose of gonadotropin (IU) 2,279 ± 658 2,535 ± 632 0.004
Serum E level at triggering day 1,214 ± 1,036 1,481 ± 1,077 0.079
No. of total oocyte (TO) 5.5 ± 5.4 6.4 ± 5.2 0.146
No. of mature oocyte (MO) 3.3 ± 3.4 3.8 ± 3.5 0.140
Ovarian sensitivity-TOb) 1.49 ± 1.97 1.42 ± 1.38 0.877
Ovarian sensitivity-MOc) 0.88 ± 1.13 0.84 ± 0.89 0.948

Values are presented as mean±standard deviation or number (%).
AMH, anti-Müllerian hormone.
a)Student t-test; b)Total oocyte number per 500 IU of gonadotropins; c)Mature oocyte number per 500 IU of gonadotropins.

Table 2. Correlations between serum AMH level and five stimulation 
outcomesa)

Variable
Access-AMH Elecsys-AMH
r p-value r p-value

Serum E level at triggering day 0.608 < 0.001 0.684 < 0.001
Total oocyte (TO) 0.645 < 0.001 0.686 < 0.001
Mature oocyte (MO) 0.534 < 0.001 0.578 < 0.001
Ovarian sensitivity-TO 0.657 < 0.001 0.702 < 0.001
Ovarian sensitivity-MO 0.57 < 0.001 0.608 < 0.001

AMH, anti-Müllerian hormone.
a)Spearman’s rank correlation test.
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level could be derived. In the calculated four equations, the Ac-
cess-AMH level was usually higher than the Elecsys-AMH level. For 
example, using the equations for the total oocyte number, the Ac-
cess-AMH level was 1.553 ng/mL when the Elecsys-AMH level was  
1.0 ng/mL. When using the equation for the mature oocyte number, 
an Access-AMH level of 1.269 ng/mL corresponded to an Elecsys-
AMH level of 1.0 ng/mL. 

For the prediction of poor responders, the cut-off of Access-AMH 
was 1.215 ng/mL (area under the curve [AUC], 0.807; 95% confi-
dence interval [CI], 0.730–0.884; p < 0.001), and the cut-off of Elecsys-
AMH was 1.095 ng/mL (AUC, 0.848; 95% CI, 0.773– 0.923; p < 0.001) 
(Table 4, Figure 2). For the prediction of high responders, the cut–off 

of Access-AMH was 3.450 ng/mL (AUC, 0.922; 95% CI, 0.862–0.981; 
p < 0.001), and the cut-off of Elecsys-AMH was 2.500 ng/mL (AUC, 
0.884; 95% CI, 0.778–0.991; p < 0.001) (Table 5, Figure 3). 

Discussion 

In the present study, we demonstrated that two fully automated 
AMH measurements could well predict the oocyte number in infer-
tile women who underwent stimulated IVF cycles. No previous study 
has investigated whether there is a difference in serum AMH levels 
between these two methods for fully automated measurements of 
AMH. Although the data are from different cohorts, a correlation be-

Figure 1. Linear regression lines to show correlations between the total oocyte number and serum anti-Müllerian hormone (AMH) levels 
measured by Access (blue color) and Elecsys (red color).

Table 3. The equations between serum AMH level and four stimulation outcomes and derivation of four equations between two serum 
AMH levels

Access-AMH Elecsys-AMH
Total oocyte (TO) = 2.378+1.418 × [Access-AMH] = 2.417+2.163 × [Elecsys-AMH]

→[Access-AMH] = 0.028+1.525 × [Elecsys-AMH]
Mature oocyte (MO) = 1.750+0.723 × [Access-AMH] = 1.292+1.375 × [Elecsys-AMH]

→[Access-AMH] = –0.633+1.902 × [Elecsys-AMH]
Ovarian sensitivity-TO = 0.375+0.508 × [Access-AMH] = 0.349+0.588 × [Elecsys-AMH]

→[Access-AMH] = –0.051+1.16 × [Elecsys-AMH]
Ovarian sensitivity-MO = 0.329+0.251 × [Access-AMH] = 0.171+0.367 × [Elecsys-AMH]

→[Access-AMH] = –0.629+1.462 × [Elecsys-AMH]

AMH, anti-Müllerian hormone.
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tween Access-AMH and Elecsys-AMH was identified, assuming the 
same number of oocytes. We believe that our results will be very 
useful in interpreting AMH levels measured by other methods at 
centers that usually use only one method. 

The Access-AMH level was usually higher than the Elecsys-AMH 
level. However, considering the OS-E and OS-MO, it is thought that 
interoperability would be difficult because the relationship between 
the two was not consistent at low AMH values. 

In addition, the trend for Access-AMH levels to be higher than 

Elecsys-AMH levels could be related to the higher total gonadotropin 
dose in the Elecsys-AMH group than in the Access-AMH group. Ac-
cording to European Society of Human Reproduction and Embryolo-
gy (ESHRE) guidelines on ovarian stimulation for IVF and intracyto-
plasmic sperm injection, AMH and AFC could predict the ovarian re-
sponse well during ovarian stimulation. They recommended estab-
lishing the FSH starting dose considering AMH and AFC [10]. Due to 
the retrospective nature of this study and differences in physicians’ 
preferences across groups, it is not possible to draw a firm conclusion 

Figure 2. Receiver operating characteristic (ROC) curves of serum 
anti-Müllerian hormone (AMH) levels for the prediction of poor 
ovarian response (total oocytes ≤3). 

Figure 3. Receiver operating characteristic (ROC) curves of serum 
anti-Müllerian hormone (AMH) levels for the prediction of high 
ovarian response (total oocytes ≥15).

Table 4. Results of receiver operating characteristic curves of serum 
AMH level for prediction of poor ovarian response (total oocytes 
≤3)

Variable Access-AMH Elecsys-AMH
Cut-off (ng/mL) 1.215 1.095
AUC (95% CI) 0.807 (0.730–0.884) 0.848 (0.773–0.923)
Sensitivity (%) 77.2 88.2
Specificity (%) 69.8 74.5
PPV 69.814 84.833
NPV 77.188 79.609
p-value < 0.001 < 0.001

AMH, anti-Müllerian hormone; AUC, area under the curve; CI, confidence in-
terval; PPV, positive predictive value; NPV, negative predictive value.

Table 5. Results of receiver operating characteristic curves of serum 
AMH level for prediction of high ovarian response (total oocytes 
≥15)

Variable Access-AMH Elecsys-AMH
Cut-off (ng/mL) 3.450 2.500
AUC (95% CI) 0.922 (0.862–0.981) 0.884 (0.778–0.991)
Sensitivity (%) 100 85.7
Specificity (%) 83.5 81.0
PPV 20.869 21.392
NPV 100.000 98.946
p-value 0.001 < 0.001

AMH, anti-Müllerian hormone; AUC, area under the curve; CI, confidence in-
terval; PPV, positive predictive value; NPV, negative predictive value.
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that the total gonadotropin dose fully explains the difference in 
AMH; therefore, additional research is needed to address this ques-
tion in the future. 

La Marca et al. [20] reported that the Access-AMH level was usually 
higher than the Elecsys-AMH level. When calculating the dose of fol-
litropin alfa, Access-AMH value was used instead of the Elecsys-AMH 
value, and a ≥ 15% difference in the starting dose occurred in only 2 
of 113 patients. When calculating the dose of follitropin delta, the 
Access-AMH value was used instead of the Elecsys-AMH value, and a 
≥ 15% difference in the starting dose occurred in 21 of 113 patients. 
In general, when using follitropin delta, the Elecsys-AMH level is con-
sidered the gold standard. Considering the results of this paper, the 
choice between using Elecsys-AMH or Access-AMH values appears 
to have little effect on the determination of the correct FSH dose 
used for ovarian stimulation. The authors suggest that the two most 
widely used automated AMH assays, Elecsys and Access, have mod-
est differences in values, and the clinical significance of this study’s 
results lies in the reliability of the interchangeable use of AMH values 
obtained from both assays. 

In the present study, the correlation coefficient of Access-AMH 
with the total oocyte number was 0.645, and that of Elecsys-AMH 
with the total oocyte number was 0.686. Asada et al. [15] reported 
that the correlation coefficient of Access-AMH with the total oocyte 
number was 0.655, which is very similar to our result. Homburg et al. 
[22] reported a correlation coefficient of 0.48 between Access-AMH 
and the total oocyte number. 

Our study also showed that both automated methods for serum 
AMH measurement had good performance in predicting poor and 
high responders in fresh stimulated IVF cycles. Based on our obser-
vations, the cut-off of Access-AMH was 1.215 ng/mL and the cut-off 
of Elecsys-AMH was 1.095 ng/mL for predicting poor responders. The 
cut-off of Access-AMH was 3.450 ng/mL and the cut-off of Elecsys-
AMH was 2.500 ng/mL for predicting high responders. 

In the Bologna criteria defining poor responders, a serum AMH 
level < 0.5–1.1 ng/mL was presented as one of the criteria [23]. Broer 
et al. [24] also presented the cut-off of AMH for predicting poor or 
high responders in their meta-analysis as 2.0 ng/mL (95% CI, 0.1–5.7 
ng/mL) and 4.8 ng/mL (95% CI, 1.3–10.2 ng/mL; p < 0.001), respec-
tively. In their study, AMH was all measured by IOT. We also previous-
ly reported that the cut-offs of AMH levels measured using IOT were 
1.08 ng/mL and 3.57 ng/mL, respectively, for predicting poor and 
high responders ( ≥ 20 oocytes) [25]. 

After the introduction of automated methods, the cut-off of Ac-
cess-AMH or Elecsys-AMH for prediction of poor or high responders 
should be reset. Bosch et al. [10] suggested that the FSH dose and 
the drug and dose for triggering should be different for ovarian stim-
ulation in poor and high responders, considering the AMH level and 

AFC. However, they also reported that there was no consistent defi-
nition of poor and high responders. 

Baker et al. [26] studied whether Access-AMH could be used to 
predict poor ovarian responders. The mean value of Access-AMH 
among patients with poor ovarian response to ovarian stimulation, 
defined as 4 or fewer oocytes retrieved, was 0.74 ng/mL, whereas the 
cut-off was 3.20 ng/mL for normal to high responders. The cut-off for 
predicting poor ovarian response at 90% specificity was 0.93 ng/mL 
(sensitivity, 74.1%; specificity, 90%). There was no AMH cut-off value 
for high responders, and the AMH cut-off value for an AFC > 15 was 
1.75 ng/mL (sensitivity, 90%; specificity, 59.1%). Homburg et al. [22] 
reported that the cut-offs of Access-AMH were 0.77 ng/mL for poor 
responders and 2.184 ng/mL for high responders ( > 15 oocytes). In 
that report, the serum AMH levels of 1,787 and 1,258 patients at two 
different sites were measured by the Access-AMH method. The cut-
off level of Access-AMH for predicting poor ovarian response and 
high ovarian response in our study was somewhat higher than that 
of Baker et al. [26] and Homburg et al. [22]. This may have been be-
cause the average age of the Access group in our study was 39.94 
years, which is higher than in previous studies. 

Iliodromiti et al. [27] systematically searched and analyzed the liter-
ature measured by two automated measures in the same patient co-
hort. They found that Access-AMH values were higher than those ob-
tained using Elecsys, and the correlation was linear (Access = −0.05 
+1.10 × Elecsys). Access-AMH showed a higher value on average by 
about 10% compared to Elecsys-AMH, and when using the AMH val-
ue measured by Access-AMH, it was reported that attention should 
be paid because the patients would receive a lower dose of follitropin 
delta based on the Access-AMH levels. 

Tan et al. [28] prospectively measured and analyzed both Ac-
cess-AMH and Elecsys-AMH in 43 infertile women aged 21 to 45 
years. They reported that the cut-off of AMH for predicting poor 
ovarian response was 2.23 ng/mL for Access-AMH and 2.02 ng/mL 
for Elecsys-AMH. Furthermore, the cut-off of AMH for predicting high 
ovarian response was reported to be 5.19 ng/mL for Access-AMH 
and 4.60 ng/mL for Elecsys-AMH. The cut-off values in Tan’s study 
were all higher than in our study, which is probably due to the small 
sample size. However, the results are consistent with previous pa-
pers, which reported that Access-AMH showed slightly higher values 
than Elecsys-AMH. 

It has been reported that very low values of AMH (1.5 pmol/L, 
which is equivalent to 0.21 ng/mL [15]) for Elecsys-AMH can predict 
cycle cancellation, and the cut-off value of Elecsys-AMH for a low oo-
cyte yield (defined as ≤ 3 oocytes) was 0.56 ng/mL [29]. That result 
also confirmed that the cut-off value of Elecsys-AMH was somewhat 
higher than that of our study. It is presumed that these results were 
caused by differences in patient groups and stimulation protocols.  
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The limitations of our study are related to its retrospective nature. 
The AMH measurement method was determined by the physician’s 
preference, and the interval between AMH measurement and oocyte 
pick-up was wide, although within 1 year. However, as in previous 
studies, Access-AMH showed slightly higher values than Elecsys-
AMH. The finding that both AMH measurement methods predicted 
poor and high ovarian response is also consistent with previous 
studies. 

In conclusion, although there is a slight difference between the 
two methods, both automated AMH measurement methods show 
good correlations with the number of retrieved oocytes and predict 
poor and high ovarian response relatively well. In the future, a large-
scale prospective study is needed to clarify the differences between 
the two test methods. 
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Introduction 

Ovarian aging leads to a decline in both the quantity and quality 
of oocytes, negatively impacting the formation of genetically normal 
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Objective: Platelet-rich plasma (PRP) therapy has received a considerable attention as an adjunct to fertility treatments, especially in women 
with very low ovarian reserve and premature ovarian insufficiency. Although recent studies have demonstrated that PRP led to improve-
ments in folliculogenesis and biomarkers of ovarian reserve, the effect of intraovarian PRP administration on embryo genetics has not been 
studied.
Methods: We report a pilot study of patients who had preimplantation genetic testing for aneuploidy (PGT-A) before and then within 3 
months following PRP administration. Twelve infertile women with at least one prior failed in vitro fertilization (IVF) cycle underwent ovarian 
stimulation (cycle 1) with a gentle stimulation protocol and PGT-A performed at the blastocyst stage. Following cycle 1, autologous intraovar-
ian PRP administration was performed. Within 3 months following PRP administration, the patients underwent cycle 2 and produced blasto-
cysts for PGT-A. The percentage of euploid embryos between both cycles was compared. 
Results: The mean age of all participants was 40.08±1.46 years, and their mean body mass index was 26.18±1.18 kg/m2. The number of 
good-quality embryos formed at the blastocyst stage was similar between cycle 1 and cycle 2 (3.08±0.88 vs. 2.17±0.49, respectively; p=0.11). 
Among all patients in cycle 1, 3 of 37 embryos were euploid (8.11%) while in cycle 2, 11 out of 28 embryos were euploid (39.28%, p=0.002). 
Three clinical pregnancies were noted among this patient group. 
Conclusion: This novel study is the first to present an improvement in the embryo euploidy rate following intraovarian PRP application in in-
fertile women with prior failed IVF cycles. The growth factors present in PRP may exhibit a local paracrine effect that could improve meiotic 
aberrations in human oocytes and thus improve euploidy rates. Whether PRP improves live birth rates and lowers miscarriage rates remains 
to be determined in large trials. 

Keywords: In vitro fertilization; Ovary; Platelet-rich plasma; Preimplantation genetic testing

(euploid) embryos during in vitro fertilization (IVF) treatment and in-
creasing the frequency of miscarriage [1]. The aging process leads to 
cellular and molecular events such as disturbances in mitochondrial 
dynamics and mRNA storage, translation, and degradation within 
the oocytes, all of which contribute to meiotic aberrations [1]. 

Platelet-rich plasma (PRP) is derived from whole blood, which con-
tains plasma (55%), red blood cells (41%), platelets and white blood 
cells (4%), by centrifugation and separation of its different compo-
nents [2]. The centrifugation and separation process leads to the re-
moval of red blood cells and the production of plasma with 5–10 
times higher concentrations of growth factors. The platelets present 
in PRP contain alpha granules that, when activated, release many 
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factors that contribute to growth, cell proliferation, and angiogenesis 
[3]. The growth factors present in PRP have been shown to play an 
important role in enhancing collagen synthesis, proliferation of bone 
cells, fibroblast chemotaxis, macrophage activation, angiogenesis, 
chemotaxis of immune cells, migration and mitosis of endothelial 
cells, differentiation of epithelial cells, and cytokine secretion by mes-
enchymal and epithelial cells [2]. 

Autologous PRP therapy uses injections of the patient's own con-
centrated platelets and plasma following a venous blood draw. The 
theory behind using this modality for treatment stemmed from the 
natural healing process being the body’s initial response to tissue in-
jury by delivering activated platelets and releasing growth factors. 
The clinical use of PRP has considerably increased over the last de-
cade, and now includes treatments for musculoskeletal injuries [4-6] 
arthritis [7], periorbital rejuvenation [8], pancreatic problems [9], 
dentistry [10], wound healing [11], alopecia [12], and infertility [13]. 
PRP treatment has recently been used as an adjunct in assisted re-
production technology, in particular, as an intraovarian injection in 
conjunction with IVF for women who have poor ovarian reserve, pre-
mature ovarian insufficiency, and even menopause [14-18]. 

Recent data have shown that intraovarian PRP treatment led to 
improvement in markers of ovarian reserve such as serum an-
ti-Müllerian hormone (AMH), a marker of ovarian reserve, and in-
creased oocyte yield with IVF [19]. Although recent studies have 
demonstrated that PRP led to improvements in folliculogenesis and 
biomarkers of ovarian reserve, the effect of intraovarian PRP admin-
istration on embryo genetics has not been studied, except for one 
case report that demonstrated qualitative improvement in embryo 
genetics after intraovarian injection of autologous PRP [20]. We re-
port a pilot study of patients who had preimplantation genetic test-
ing for aneuploidy (PGT-A) before and then within 3 months follow-
ing intraovarian PRP administration. 

Methods 

1. Participants 
The participants underwent infertility treatment at Rejuvenating 

Fertility Center. Infertility was defined as an inability to conceive with 
unprotected intercourse after 1 year for women aged < 35 years, 
and after 6 months for women aged > 35 years. Women with any 
medical condition that interfered with fertility treatment were ex-
cluded from the study. The inclusion criteria were women with at 
least one previous failed IVF cycle and women who produced fully 
developed embryos (blastocysts) before and after intraovarian PRP 
administration (n = 12). Each participant underwent two IVF cycles: 
the first (cycle 1) was followed by intraovarian PRP administration, 
after which a second IVF cycle (cycle 2) took place within 3 months 

following the PRP administration. Informed consent was obtained 
from all patients and the study was approved by the New England 
Institutional Review Board (NEIRB; No. 120180241). 

2. IVF protocols 
The IVF cycles 1 and 2 performed in the same participants used 

similar ovarian stimulation protocols. In brief, in each cycle, after oral 
contraceptive pill pre-treatment for approximately 2–3 weeks and 
adequate suppression, minimal/mild ovarian stimulation was started 
with an extended regimen (from cycle day 3 until the day before 
triggering) of clomiphene citrate (50 mg/day orally) in conjunction 
with letrozole (2.5 mg/day orally) with low-dose gonadotropin (75 IU 
daily) injections (Follistim, Merck, White House Station, NJ, USA; or 
Gonal F, EMD Serono, Rockland, MA, USA). 

Hypothalamic-pituitary suppression using a gonadotropin-releas-
ing hormone (GnRH) antagonist was conducted to prevent ovula-
tion. The final maturation of oocytes was induced by a GnRH agonist 
or by human chorionic gonadotropin trigger when the lead follicle 
was >  18 mm. The retrieved oocytes were fertilized by intracytoplas-
mic sperm injection as clinically indicated. All embryos were cultured 
until the blastocyst stage followed by trophectoderm biopsies for 
PGT-A and then vitrified to be transferred in a subsequent frozen em-
bryo transfer cycle. 

3. Intraovarian PRP administration 
PRP was prepared as we previously described [21,22]. Approxi-

mately 32 mL of blood was collected from the patient by peripheral 
venipuncture. The blood sample was placed in a room-temperature 
centrifuge set to 1,500 × g for 5 minutes. After centrifugation, the up-
per layer, corresponding to relatively platelet-poor plasma, was aspi-
rated and discarded, after which the PRP layer was aspirated and 
placed in a separate tube for a second round of centrifugation, and 
the lower level corresponding to red blood cells was discarded. The 
process was repeated a second time. A total of 8 mL of PRP was col-
lected from the tubes, and no activators were used. Under intrave-
nous sedation and transvaginal ultrasound guidance, intraovarian in-
jection of approximately 4 mL of PRP per ovary was performed. The 
injection was performed in multifocal spots, and diffusion of the PRP 
in the subcortical layers was achieved by applying 5–7 punctures per 
ovary transvaginally using a 22-gauge needle and guide. The patients 
tolerated the procedure well and were discharged home. 

4. Statistical analysis 
Because the data were normally distributed, we used the paired 

t-test to compare continuous clinical data between cycles 1 and 2. 
The chi-square test was used to compare the proportion of euploid 
embryos between cycles 1 and 2. The statistical analysis was con-

www.eCERM.org 211

Z Merhi et al. PRP and embryo euploidy



ducted using GraphPad Prism statistical software (GraphPad Soft-
ware, San Diego, CA, USA), and a p-value of < 0.05 was considered 
statistically significant. 

Results

The mean age of all participants was 40.08 ± 1.46 years, and their 
mean body mass index was 26.18 ± 1.18 kg/m2. When comparing 
clinical data between cycle 1 and cycle 2, statistically significance dif-
ferences were not found for serum follicle-stimulating hormone lev-
els (7.98 ± 1.01 mIU/mL vs. 8.45 ± 1.55 mIU/mL, respectively; 
p = 0.66), the antral follicle count calculated by transvaginal ultra-
sound (11.09 ± 1.82 vs. 12.36 ± 2.36, respectively; p = 0.25), the num-
ber of oocytes collected (6.18 ± 1.61 vs. 7.27 ± 1.68, respectively; 
p = 0.21), and the number of good-quality embryos formed at the 
blastocyst stage (3.08 ± 0.88 vs. 2.17 ± 0.49, respectively; p = 0.11) 
(Table 1). Because we used exactly the same protocol for gonado-
tropins before and after PRP, there was no significant difference in the 
dose of medications used between cycle 1 and cycle 2 (p > 0.05). 

Among all participants, 3 out of 37 embryos were euploid in cycle 1 
(8.11%), while 11 out of change to 28 embryos were euploid in cycle 
2 (39.28%, p = 0.002). Table 2 shows the individual results for each 
participant. Three clinical pregnancies were noted among the out-
comes of this patient group. The remainder of the patients are either 
still banking more euploid embryos or in the process of preparing for 
embryo transfer. 

Discussion

For many older infertile women with low ovarian reserve, the pro-
duction of an euploid embryo is a major challenge along their jour-
ney [23]. Here, we present, to our knowledge, the first case series 
comparing IVF euploidy rates pre-PRP and post-PRP (within 3 
months following the PRP procedure). The autologous PRP is known 
to contain cytokines, chemokines, and growth factors including 
platelet-derived growth factor, stromal cell derived factor 1, and he-
patocyte growth factor [24]. These molecular signals are known to 
initiate the recruitment, proliferation, and activation of fibroblasts, 

Table 1. Clinical data comparison between cycle 1 (before PRP) and cycle 2 (after PRP)

Variable Cycle 1 Cycle 2 p-value
FSH (mIU/mL) 7.98 ± 1.01 8.45 ± 1.55 0.66
Antral follicle count 11.09 ± 1.82 12.36 ± 2.36 0.25
Number of oocytes retrieved 6.18 ± 1.61 7.27 ± 1.68 0.21
Number of good-quality embryos formed at the blastocyst stage 3.08 ± 0.88 2.17 ± 0.49 0.11
Percentage of euploid embryos (%) 8.11 39.28 0.002

Values are presented as mean±standard error of the mean.
PRP, platelet-rich plasma; FSH, follicle-stimulating hormone.

Table 2. The age of the patients, the PGT-A results between cycles 1 and 2, and the clinical outcomes

Patient Age (yr)

Cycle 1 No. of days be-
tween PRP and 

the start of cycle 
2

Cycle 2

Clinical outcome Percent of euploid embryos before 
(cycle 1) → after PRP (cycle 2)No. of euploid 

embryos
No. of aneu-

ploid embryos
No. of euploid 

embryos
No. of aneu-

ploid embryos

1 28 0 1 45 2 0 CP 0 → 100
2 33 0 2 38 1 0 Chemical pregnancy 0 → 100
3 39 0 2 15 0 1 NA 0 → 0
4 39 0 4 (1 Mosaic) 60 2 2 Pending ET 0 → 50
5 40 1 3 14 2 1 CP 25 → 66
6 41 0 4 78 3 1 Mosaic CP 0 → 75
7 41 0 12 26 0 8 Pending ET 0 → 0
8 42 0 3 90 0 1 Pending ET 0 → 0
9 44 1 0 61 0 1 NA 100 → 0
10 44 0 2 75 0 1 Pending ET 0 → 0
11 45 1 0 33 0 1 NA 100 → 0
12 45 0 1 70 1 0 Pending ET 0 → 100

PGT-A, preimplantation genetic testing for aneuploidy; PRP, platelet-rich plasma; CP, clinical pregnancy; NA, not applicable; ET, embryo transfer.
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neutrophils, monocytes, which are expected to regulate angiogene-
sis and tissue perfusion which might be an independent way to 
achieve ooplasm improvement within the adult human ovary [19]. 

Placing autologous cytokines within ovarian tissue may facilitate 
the production of higher AMH levels by granulosa cells and improve 
blastocyst ploidy. One possible mechanism is that any new follicles 
recruited and good quality oocytes obtained after the intraovarian 
injection of these growth factors have always resided in the ovaries, 
but are then stimulated by the PRP administration [25]. Another 
mechanism could be that the platelet growth factors present in the 
PRP activate, by supplying molecular signals, the existing ovarian 
stem cells to differentiate into de novo oocytes [2]. In vitro studies 
demonstrating the effect of PRP on the growth and survival of isolat-
ed early human follicles tend to support such theories, as the devel-
opment and survival rates of preantral follicles in PRP-supplemented 
culture media have been found to be significantly higher than in me-
dia without PRP supplementation, as demonstrated in a dose-depen-
dent manner with both fresh and vitrified ovarian samples [25]. Final-
ly, the oocytes of older women have aberrant meiotic events and im-
paired fertilization, resulting in poor embryonic development, partly 
due to altered mitochondrial number and function [26]. Studies have 
shown that aneuploid embryos have relatively high mitochondrial 
DNA copy numbers [27]. It is plausible that PRP improves ooplasm 
quality by altering the mitochondria, leading to improvements in 
meiosis and thus resulting in ploidy rescue of the embryos. 

The limitations of this case series include a small sample size and 
the lack of a control group, such a group would have been women 
who underwent ovarian puncture without the injection of PRP, since 
mechanical puncture of the ovaries could have an effect on ovarian 
function. Even though all the patients in this reported a history of 
prior failed IVF, other limitations include the wide range in the ages 
of patients (from 28 to 45 years old) and the lack of complete preg-
nancy outcomes in all participants because many of them are still 
trying to bank more euploid embryos. 

In summary, there is a clear need for well-designed studies per-
taining to the effect of the commonly used intraovarian PRP admin-
istration in women who struggle to form euploid embryos and who 
ultimately resort to the use of donor oocytes. Some investigators 
have explored the ovarian germline stem cell niche and its probable 
regulatory mechanisms with the hope of yielding valuable insights 
for the treatment of ovarian aging [28]. Investigations related to the 
effect of PRP on ovarian stem cells are likely to clarify the signaling 
pathways involved in de novo oocyte replenishment and follicular 
development, potentially helping older women with abnormal em-
bryo genetics [29]. 
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Introduction 

Cloacal exstrophy, a condition on the spectrum of omphalocele-ex-
strophy-imperforate anus-spinal defects (OEIS) syndrome, is regarded 
as being the most severe manifestation of exstrophy epispadias se-
quence (EES). While OEIS, exstrophy epispadias complex (EEC), EES, 
and cloacal exstrophy are often used interchangeably, the OEIS acro-
nym specifically refers to omphalocele, exstrophy of the cloaca, im-
perforate anus, and spinal defects. OEIS is a very rare congenital de-
fect resulting in an array of pathological phenotypes, with the most 
common being bladder and colon exstrophy, leading to a myriad of 
anomalies affecting multiple organ systems (Figure 1) [1,2]. Duplica-
tion of multiple sex organs is an additional phenotypic variant some-
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times seen in OEIS patients. OEIS is estimated to affect 1 in 200,000 
to 400,000 live births [1,3]. EEC refers to epispadias, classic bladder 
exstrophy, and cloacal exstrophy complex, with cloacal exstrophy 
being the most severe of the three abnormalities. 

Generally, early surgical intervention is preferred due to better 
outcomes relating to urinary continence, infection control, physical 
appearance, self-esteem, sexual function, and fertility [1]. Despite 
these better outcomes, most OEIS patients are rarely able to achieve 
a viable pregnancy because of their severe malformations. Their 
Müllerian anomalies lead to an increased risk of obstetric and urolog-
ic complications, but birth is possible. However, if they do achieve 
pregnancy, many risks are imposed [4]. The relatively fragile, recon-
structed sexual organs typically cannot withstand the birthing pro-
cess, and these patients also usually require additional postpartum 
operations [1]. These factors compel extensive obstetric and surgical 
evaluations throughout pregnancy, often warranting caution when 
an OEIS patient is considering conception. This paper presents the 
exceptionally rare case of a woman with OEIS syndrome who 
achieved viable childbirth and elaborates on various aspects of EES-
OEIS, including prognosis and interventions. The Institutional Review 
Board approval was waived and informed consent was obtained 
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from the patient.

Case report 

A 25-year-old G1P0 woman born with OEIS syndrome presented 
to the office following a positive pregnancy test. Consistent with 
OEIS, this patient had many congenital malformations, including two 
vaginas, two uteruses, four ovaries, an imperforate anus, a large om-
phalocele including bowel and bladder exstrophy, and diaphysis of 
the pubic rami. This patient is the only documented OEIS patient not 
to have tethered spinal cord as an anomaly. The patient was given a 
colostomy bag until she turned 2 years old, when she underwent a 
colon pull-through procedure with continued regular enemas for 
bowel management. By age 4, she underwent a total hysterectomy 
and bilateral salpingo-oophorectomy, leaving her with a single uter-
us and cervix, bilateral fallopian tubes and two ovaries. Her second 
vagina with the vaginal cuff was closed off as well, leaving her with a 
single vaginal opening, which restored normal gynecologic anatomy. 
The patient had her bladder neck closed with a Mitrofanoff operation, 
as represented in the image below (Figure 2), urinating through a 
catheter through a stroma in the abdomen that she continues to use 
now. The patient began menstruating at 12 years old; she experi-
enced irregular menstrual cycles on a sporadic basis, but was told this 

may happen IRB waived and informed consent was given. 
Despite her substantial surgical history, in June 2020, the patient 

learned she was pregnant after having several missed menstrual cy-
cles. The patient had been counseled throughout most of her life by 
several specialists stating that her chances of pregnancy were sub-
stantially low. Because of this, the patient did not utilize any form of 
contraception. Once pregnant, additional extensive counseling took 
place regarding the high-risk nature of her pregnancy. Nonetheless, 
she decided to proceed with very close obstetric follow-up. The preg-
nancy was further complicated by a preexisting right-sided ovarian 
mass, the diagnostic impression of which was a benign ovarian cyst. 
The cyst was followed with serial sonography, which demonstrated 
progressive enlargement, quite possibly due to pregnancy-induced 
hormonal changes. At 35 weeks, the patient developed preeclamp-
sia with proteinuria, necessitating delivery via primary cesarean sec-
tion with ovarian cystectomy and/or possible salpingo-oophorecto-
my. Given her extensive adhesions from past corrective procedures 
and because of the large ovarian cyst requiring excision, cesarean 
section was performed via a midline vertical abdominal incision with 
a classical uterine incision [1,6]. 

At the time of delivery, the ovarian cyst measured approximately 
30 cm (Figure 3). A viable male infant was delivered, weighing 1,842 
g and measuring 41.91 cm. The hysterotomy was closed and atten-
tion was then turned to the right ovary. The mass had obliterated all 
normal ovarian architecture and a decision was made to proceed 
with unilateral salpingo-oophorectomy. The patient recovered well 
postoperatively and was discharged home on postoperative day 5. 
The pathology of the ovarian mass showed a benign ovarian cyst. 
The infant was admitted to the neonatal intensive care unit for 16 
days and is reportedly doing well nearly 1 year after birth. The pa-

Figure 1. Demonstration of the typical cloacal exstrophy phenotype. 
The patient in this case study had those features in addition to 
didelphys uterus and two vaginas within the vulva. The image was 
recreated by Arielle Hough from Baby Excel's article on cloacal 
exstrophy (https://babyexcel.com/cloacal-exstrophy/).
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Figure 2. Diagram detailing the Mitrofanoff procedure. Image 
obtained with permission from Mitrofanoff Support [5].
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Figure 3. Ovarian cyst removed during cesarean section.

Table 1. Outcomes of 22 pregnancies in 12 EEC patients

Outcome Total pregnancy (n = 22) Bladder exstrophy pregnancy (n = 20) Cloacal exstrophy pregnancy (n = 2)
Total pregnancy 22 (100) 20 2
Spontaneous abortion < 24 wk 4 (18) 3 (15) 1 (50)
Termination 4 (18) 3 (15) 1 (50)
Live birth 14 (64) 14 (70) 0

Values are presented as number (%). Previous findings [14] from a study on 22 pregnancies in exstrophy patients, in which 0% of cloacal exstrophy patients 
had viable live births (as our patient did).
EEC, exstrophy epispadias complex.

tient’s future fertility was preserved with a unilateral ovary and fallo-
pian tube; however, the patient was extensively counseled on the 
high risk of complications for any future pregnancies. She was not 
placed on any birth control. 

Discussion 

A “typical” OEIS patient is difficult to define, as a spectrum of mal-
formations can be found. The most common findings of OEIS, how-
ever, are omphalocele, imperforate anus, shortened hindgut, an 
open cecal plate flanked by open hemi-bladders on either side, and 
spinal cord and ureteral deformities [7]. Based on histopathologic 
studies in human embryos, current data attribute cloacal exstrophy 
to an early defect in the closure of the ventral body [8,9]. Cloacal ex-
strophy patients typically have normal ovaries (unlike our patient), 
but their Müllerian ducts do not fuse, resulting in uterine and vaginal 

duplication [7]. Some variants of OEIS result in the uterus remaining 
inside the body; however, patients often develop complications like 
uterine prolapse and intrauterine hemorrhage [9].  

Few OEIS patients reproduce, limiting data on their offspring [1]. 
The current data do not demonstrate an association between cloacal 
exstrophy and aneuploidy, but also do not definitively exclude the 
possibility [8]. The exact underlying cause of cloacal exstrophy/OEIS 
is unknown and not currently attributed to any medications [10]. 
Many familial cases have been reported, suggesting an inherited 
component, but exact genetic relationships have not been found 
[11]. Interestingly, as with many other types of neural tube defects, it 
is highly associated with female monozygotic twins along with a risk 
of recurrence in subsequent pregnancies [8]. 

The OEIS complex comprises a wide spectrum of phenotypes, pre-
venting a protocol-based standard of care. Each patient undergoes 
reconstructive operations pertaining to their own individualized 
malformations. Even after reconstruction, OEIS patients often experi-
ence life-long complications. As cloacal exstrophy is one of the most 
severe forms of an abdominal wall defect, always presenting with 
omphalocele, patients are frequently destined to suffer from bowel 
and urinary issues throughout their life [12,13]. One article studied 
the long-term functionality of patients born with OEIS syndrome and 
showed high rates of urinary and bowel incontinence in addition to 
constipation, with 42% of the patients requiring intermittent cathe-
terization and 22% requiring urinary diversion [8]. Only 35% of fe-
male patients reported normal menstruation in this study [8]. Our 
patient reported that many doctors throughout her life stated that 
she would never get pregnant because of her malformations and 
history of multiple operations. The patient in this case report had clo-
acal exstrophy, as opposed to just bladder exstrophy, which is more 
commonly seen in anomalies with OEIS. A small study showed that 
out of 22 pregnancies in EEC patients, only 64% resulted in live 
births, none of which occurred in patients in the cloacal exstrophy 
group (i.e., live births only occurred in the bladder exstrophy pa-
tients) (Table 1) [14]. The glaring weakness of that study, however, is 
that it only had two cloacal exstrophy patients, an inevitable conse-
quence of exceedingly rare conditions. 
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Only a few case reports exist of OEIS patients achieving pregnancy, 
substantially limiting the formulation of management guidelines [1]. 
Additionally, each case of OEIS syndrome varies greatly, further limit-
ing standardization. The patient described herein is one of only a few 
in whom a live birth was reported. Fewer than 10% of women with 
cloacal and bladder exstrophy have been reported to have pregnan-
cies, and these pregnancies were usually complicated by new-onset 
or worsening of recurrent urinary tract infections, uterine prolapse, 
and urinary incontinence [1]. 

In general, females born with OEIS can expect to face considerable 
challenges in life, not only relating to extensive operations and high-
risk pregnancies, but also to urinary incontinence, poor body image, 
uterine prolapse, and fertility issues [6,13,15]. Documenting the rare 
success story of an OEIS pregnancy is vital for learning more about 
how to care for future similar cases. More data are not only needed 
regarding OEIS pregnancies, but also on the health and outcomes of 
the offspring. Additionally, further investigation is needed to eluci-
date some of the unique features of our patient that may have con-
tributed to her successful pregnancy. Being the only known OEIS pa-
tient to not have a tethered cord could perhaps be one of those fac-
tors. Notwithstanding these patients’ many hurdles, pregnancy 
should not necessarily be ruled out early on in their life, as evidenced 
by the patient featured in this report. 
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I. ABOUT THE JOURNAL

Clinical and Experimental Reproductive Medicine (CERM) is an interna-
tional peer-reviewed journal and is an official journal of the Korean Soci-
ety for Reproductive Medicine, the Korean Society for Assisted Repro-
duction, the Pacific Society for Reproductive Medicine and Korean Soci-
ety for Fertility Preservation. Official abbreviated title is Clin Exp Reprod 
Med .

The areas of interest or the scopes of CERM are as follows;
- Infertility practice
- Assisted reproduction
- Reproductive medicine
- Fertility preservation
- Reproductive endocrinology
- Reproductive physiology
- Reproductive surgery
- Reproductive immunology
- Reproductive genetics
- Reproductive urology/andrology
- Basic science for reproduction
- Developmental biology
- Human and animal reproduction

CERM is covered by the PubMed, SCOPE, and emerging sources of ci-
tation index (eSCI).

It is published quarterly on the 1st day of March, June, September and 
December.

II. ETHICS IN PUBLISHING

The journal adheres to the guidelines and best practices published 
by professional organizations, including ICMJE Recommendations 
and the Principles of Transparency and Best Practice in Scholarly 
Publishing (joint statement by the Committee on Publication Ethics, 
COPE; the Directory of Open Access Journals, DOAJ; the World Asso-
ciation of Medical Editors, WAME; and Open Access Scholarly Publish-
ers Association, OASPA; https://doaj.org/bestpractice). Furthermore, 
all processes of handling research and publication misconduct shall 

follow the applicable COPE flowchart (https://publicationethics.org/
resources/flowcharts).

1. Statement of human and animal right

Clinical research should be done in accordance of the WMA Declara-
tion of Helsinki: Ethical Principles for Medical Research Involving Human 
Subjects (https://www.wma.net/what-we-do/medical-ethics/declara-
tion-of-helsinki/). Clinical studies that do not meet the Helsinki Declara-
tion will not be considered for use in the publication. Human subjects 
should not be identifiable, such that the confidentiality of the patient’s 
names, initials, hospital numbers, dates of birth, or other protected 
healthcare information should not be disclosed. For animal subjects, re-
search should be performed based on the National or Institutional Guide 
for the Care and Use of Laboratory Animals, and the ethical treatment of 
all experimental animals should be maintained.

2. Statement of IRB/IACUC approval

A written statement must be described in the original articles indicat-
ing whether or not Institutional Review Board (IRB) approval was ob-
tained or equivalent guidelines followed in accordance with the Helsinki 
Declaration; if not, an explanation must be provided. In addition, a 
statement of IRB status (approved, waived, or other) must be included 
in the Methods section of the manuscript. Similarly, a written statement 
confirming approval by appropriate Institutional Animal Care and Use 
Committee (IACUC) must be included for research involving animals. 
Any manuscript submitted without appropriate IRB or IACUC approval 
will not be reviewed and be returned to the authors.

3. Registration of clinical trial research

Any researches that deal with clinical trial should be registered to the 
primary national clinical trial registration site such as Korea Clinical Re-
search Information Service (CRiS, http://cris.nih.go.kr), other primary na-
tional registry sites accredited by World Health Organization (https://
www.who.int/ictrp/network/primary/en/) or ClinicalTrial.gov (https://
clinicaltrials.gov/), a service of the Unite States National Institutes of 
Health.
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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 
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-
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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) 
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.
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•  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.

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 
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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 
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/.
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(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.

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-
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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-
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-
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