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I n vitro fertilization (IVF) typically
involves ovarian stimulation with
the use of exogenous gonadotro-

pins to induce the maturation of
gonadotropin-sensitive follicles and
inhibit the atresia of nondominant fol-
licles (1, 2). The classic use of the term
in vitro maturation (IVM) refers to the
maturation of immature cumulus-
oocyte complexes (COCs) in culture
from prophase I (i.e., from the
germinal vesicle [GV] stage) through
meiosis I to reach metaphase II (MII)
after their recovery from follicles that
have not been exposed to the preovu-
latory trigger (3). This was defined
largely in nonhuman animal studies.
In clinical human IVF, however, the
term IVM is often used to refer to
in vitro maturation of oocytes
retrieved at the GV or metaphase I
(MI) stage from follicles after exposure
to exogenous FSH and/or hCG (‘‘folli-
cle priming’’) to increase the likelihood
of obtaining some mature oocytes
(4, 5). Interpretation of studies re-
ported in the literature could be
clarified if specific terminology was
used to delineate between IVM with
and without short gonadotropin
stimulation, and with and without
hCG exposure before retrieval (6, 7).
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Table 1 provides some definitions of
IVM currently in use.

The human oocyte reaches its full
size (�100–120 mm in diameter) at the
small antral stage, during which time
the follicular diameter is only a fraction
of its final ovulatory diameter.
The ability of an oocyte to resume and
complete meiosis is closely linked
to follicular diameter (12–15). In
humans, the kinetics of oocyte
maturation have been studied with
the use of oocytes obtained from
oophorectomy specimens from non-
malignant gynecologic disorders and
then cultured to undergo IVM,
reaching MII after 36–48 hours (3).

It should be noted that even if an
immature oocyte progresses to the MII
stage with the use of IVM (i.e., com-
pletes nuclear maturation), it may not
necessarily have undergone cyto-
plasmic maturation and achieved full
developmental competence. For a
mature oocyte to undergo successful
fertilization and subsequent develop-
ment, synchronization of nuclear and
cytoplasmic maturation must occur
(16). Nuclear maturation consists of
GV breakdown induced by the LH surge
followed by resumption of meiosis and
extrusion of the first polar body (MII)
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(3). Cytoplasmic maturation refers to
an accumulation of factors that prepare
the cytoplasm for fertilization and em-
bryonic development (17, 18). Epige-
netic processes are a component of
nuclear and cytoplasmic oocyte matu-
ration, influencing development after
fertilization (19, 20). For this reason,
the potential for epigenetic disruption,
such as abnormal methylation of
maternally expressed genes, warrants
careful evaluation in oocytes matured
in vitro (21).

POTENTIAL APPLICATIONS
OF IVM
The clinical application of IVM may be
limited by alternative evidence-based
strategies to successfully mitigate the
risk of ovarian hyperstimulation syn-
drome (OHSS) in high-risk populations.
Historically, candidates for IVM have
included those at risk for OHSS,
including womenwith polycystic ovary
syndrome (PCOS) or polycystic ovary
(PCO)–like ovaries and women with
estrogen-sensitive cancers. Because
significantly less medication is used
for stimulation with the use of IVM,
and the stimulation is of shorter dura-
tion requiring fewer injections and
less monitoring, the financial and
emotional burden is reduced compared
with traditional IVF cycles. In addition,
patients with limited time before poten-
tially gonadotoxic cancer treatments
may be candidates to use IVM for
fertility preservation (22, 23). Finally,
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TABLE 1

Definitions of IVM.

Term in literature Oocyte maturation Exposure to hormones Reference

Biological definition of IVM GV to MII No exposure to hCG or LH Edwards 1965 (3)
Variations on definition of IVM
Truncated IVF without FSH GV or MI to MII hCG primes intermediate

follicles, no FSH
Chian 1999 (8)

Follicle priming with FSH GV or MI to MII Minimal FSH stimulation, no
HCG

Wynn 1998 (9)

Mild-stimulation IVF/
truncated IVF

GV or MI to MII Minimal FSH stimulation and
early hCG administration to
prime intermediate follicles

Fadini 2009 (10)

Rescue IVM Any immature oocytes at
retrieval to MII

Controlled ovarian
hyperstimulation cycle

resulting in GV or MI oocytes
denuded of cumulus cells

Sacha 2018 (11)

Note: GV ¼ germinal vesicle; IVF ¼ in vitro fertilization; IVM ¼ in vitro maturation; MI ¼ metaphase I; MII ¼ metaphase II.

ASRM. IVM: committee opinion. Fertil Steril 2020.

Fertility and Sterility®
a study has shown the effectiveness of IVM in patients with
repeated assisted reproduction failure due to resistant ovary
syndrome (24).
IVM IN CLINICAL PRACTICE
Follicular Priming

There have been several clinical studies comparing IVM with
conventional IVF using in vitro matured human oocytes in
PCO-like and PCOS patients (25–29) and in ovulatory
women (26, 30, 31). Several trials have also evaluated the
utility of follicular priming versus the retrieval of oocytes
from unstimulated antral follicles (10, 25). Three methods of
follicular priming have been reported. One method is to
minimally stimulate ovaries with low doses of FSH for 3–6
days, followed by retrieval on cycle day 7–10 in the absence
of hCG administration. Other approaches use only hCG
(single 10,000 IU injection) to ‘‘prime’’ intermediate-sized fol-
licles 36 hours before oocyte retrieval, as well as the addition
of minimal FSH stimulation before this hCG priming. This
form of priming with hCG is physiologically different than
late follicular administration of hCG in a traditional IVF cycle.

Priming with FSH and a single priming injection of hCG
on cycle day 6, followed by IVM, in 921 PCOSwomen resulted
in a cumulative live birth rate per cycle of 33.7% (32). A retro-
spective cohort study comparing IVMwith the use of FSH and
an hCG priming injection versus conventional IVF in 919
women with high antral follicle count (AFC) reported that
although the number of mature oocytes and good-quality em-
bryos was lower in the IVM group, the cumulative live birth
rate after one cycle of IVM was 239/608 (39.3%) versus
155/311 (49.8%) for IVF (29).

The combination of gonadotropin and hCG priming
compared with single-agent follicular priming has been stud-
ied with disparate results. A large randomized trial in 400
women with normal ovaries showed that when both FSH
and hCG were used for priming, the percentage of oocytes
that matured in vitro and the total number of available mature
VOL. 115 NO. 2 / FEBRUARY 2021
oocytes was improved, although 20% of recovered oocytes
were matured in vivo in this treatment group. Clinical preg-
nancy rates after fresh embryo transfer were highest when
both FSH and hCG were used, 26.5%, compared with 11.8%,
5.4%, and 13.7% in the nonprimed, hCG-primed, and FSH-
primed groups, respectively (10). However, embryos in this
group likely arose from a combination of both in vivo and
in vitro matured oocytes, complicating interpretation of these
results.

In several studies from Belgium in which IVM was con-
ducted after a short (3-day) FSH stimulation with no hCG,
clinical pregnancy rates have been reported. In a small study
of 39 PCO/PCOS patients and 73 IVM cycles, after vitrified-
warmed embryo transfer, the ongoing clinical pregnancy
rate per transfer was 7/22 (31.8%) (33). A larger study of
121 patients and 239 IVM cycles in which 3 days of FSH
and no hCG was administered and oocytes were retrieved
from follicles no larger than 6 mm, an ongoing clinical preg-
nancy rate of 9/24 (37.5%) after vitrified-warmed embryo
transfer was reported (34). Pregnancy rate after fresh embryo
transfer was significantly lower in both of these studies.

Subsequently, a ‘‘freeze-all’’ IVM strategy was used in a
study of 79 PCOS patients, resulting in a cumulative live birth
rate per patient of 17/78 (21.8%) (35). Further supporting the
notion that freeze-all strategies are better for FSH priming of
IVM cycles, a recent study showed a very high miscarriage
rate after IVM when fresh transfers were compared with
frozen-thawed embryo transfers (36.8% vs. 4.5%) (28). One
thing to bear in mind with all of these studies is that there
is a high level of attrition from retrieved immature COCs to
good-quality blastocysts, owing in part to low maturation
success after IVM. The chance of a single immature oocyte re-
sulting in a live birth was only 1.1% (35). In addition, inter-
pretation of these studies is complicated not only by
significant variation in the stimulation protocols used, but
also by inconsistent reporting of the stage of meiotic matura-
tion of the oocytes at retrieval (GV vs. MI, as well as any
mature MII oocytes recovered).
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IVM could be beneficial for patients desiring fertility preser-
vation because of impending gonadotoxic cancer treatment
(36). In one study, 248 breast cancer patients, aged 18–40
years, awaiting neoadjuvant chemotherapy were candidates
for oocyte vitrification following IVM, at either the follicular
or the luteal phase of the cycle (36). No major differences were
seen in the number of oocytes retrieved or their IVM rates,
whatever the phase of the cycle at which oocyte retrieval
was performed, indicating that this novel use of IVM is clin-
ically useful.

However, another study showed that vitrified-thawed
IVM oocytes had a low survival rate (59.8%), lower fertiliza-
tion and cleavage rates, and significantly lower pregnancy
(10.7% vs. 36.1%) and take-home baby (8.9% vs. 25.9%) rates
compared with fresh IVM oocytes (37). The authors concluded
that the reproductive potential of vitrified IVM oocytes is
impaired owing to the vitrification-warming procedure. Simi-
larly, another study showed very poor pregnancy and delivery
outcomes from vitrified-thawed embryos derived from IVM
oocytes for cancer patients (38).

Moreover, IVM of oocytes after recovery from thawed
ovarian tissue frozen from postmenarchal versus premenar-
chal girls yielded a low rate of maturity in both groups
(28.2% vs. 15.5%, respectively), which was further reduced
in girls under 5 years of age (4.9%) (39). Collectively, these
studies highlight the need for more research targeting
improvement of IVM media, as well as IVM protocols for pre-
menarchal girls. Recent studies have shown that using anti-
m€ullerian hormone level and AFC information can help
physicians to more accurately counsel patients on the poten-
tial likelihood of successful fertility preservation with the use
of this approach (40, 41).
Oocyte Retrieval and Culture

There are no established criteria to identify the ideal timing or
method for oocyte retrieval, with most studies using a lead
follicular diameter of up to 10mm (31, 42). Lead follicle diam-
eters greater than 13 mm have been associated with reduced
numbers of oocytes collected and matured (43), possibly
related to subsequent atresia of the nondominant follicles
from withdrawal of endogenous FSH support. Some protocols
require an endometrial thickness of >5 mm while others do
not include endometrial thickness as a criterion.

The aspiration technique differs for immature oocytes
compared with mature oocytes retrieved in traditional IVF
owing to the lack of cumulus cell expansion and tighter
adherence of the immature oocyte to the follicle wall.
Double-lumen needles to flush follicles have been described
but do not appear to be necessary to retrieve immature oo-
cytes (44). The optimal aspiration pressure and needle design
have yet to be determined, with negative pressures ranging
from 80 to 120 mm Hg and needle sizes ranging from 16 to
20 gauge (9, 31). Extremely high aspiration pressure has
been shown to strip the oocyte of cumulus cells and nega-
tively affect maturation and oocyte competence (45).

There is no consensus on the medium formulation that is
best suited for IVM. Media typically simulate tissue culture
300
medium, composed of high levels of glucose and normal
levels of pyruvic and lactic acids, along with essential and
nonessential amino acids and frequently supplemented with
FSH and hCG/LH. Several versions are available commer-
cially. A few studies on the improvement of IVM medium
for human oocytes have been reported, but significantly
more research is needed in this area.

A recent development in IVM is the inclusion of a prema-
turation (pre-IVM) step. Some commercial IVM media have
historically included a short (2 hour) preincubation step
before moving the eggs into the IVM medium. However,
pre-IVM medium contains reagents, such as forskolin, and/
or C-type natriuretic peptide, to block meiotic resumption
and maintain oocytes at the GV stage for up to 24 hours until
they are moved into IVMmedium. This strategy is designed to
better support oocyte cytoplasmic maturation and improve
oocyte competence after IVM. The first report of human
IVM including this pre-IVM step and improved IVM medium
containing amphiregulin and FSH reported an increase in
oocyte maturation after IVM, as well as an increase in
good-quality blastocysts (46).

Chromosome constitution, and DNA methylation and
expression of imprinted genes, in embryos generated after
pre-IVM/IVM appear to be normal (47, 48). A randomized
controlled trial examined the effectiveness of pre-IVM versus
standard IVM, defined as a short FSH stimulation without
hCG administration. Results from that study suggested that
in women with high AFC, those in the pre-IVM group had
significantly higher maturation and clinical pregnancy rates,
but both groups had similar live birth rates and neonatal out-
comes (48).
Fertilization

In a randomized control trial of standard insemination versus
intracytoplasmic sperm injection (ICSI) for sibling IVM oo-
cytes from patients with PCOS, there was no difference re-
ported for all outcomes measured, including fertilization
rates and blastocyst development (49). Although IVF can
readily be used to fertilize IVM oocytes, ICSI has been advo-
cated as the preferredmethod. However, although fertilization
rates appear to be increased with the use of ICSI for IVM oo-
cytes, developmental competence may be impaired, as
demonstrated in one comparative trial (27).

The fertilization success rate of matured oocytes in pa-
tients who did not receive gonadotropins was only 37.7%
(229/608 matured oocytes) with the use of conventional IVF
compared with 69.3% (318/459 mature oocytes) when ICSI
was used. Despite lower fertilization results, the implantation
rate was significantly higher in embryos derived from oocytes
fertilized with the use of conventional IVF versus ICSI (24.2%
vs. 14.8%; P< .05) as was the clinical pregnancy rates per em-
bryo transfer (34.5% vs. 20.0%; P< .05) (27). However, with
the more recent adoption of preimplantation genetic testing
for aneuploidies (PGT-A) in many laboratories, ICSI is often
the fertilization method of choice. In addition, PGT-A
provides some confidence before embryo transfer that
IVM-produced embryos are, at minimum, chromosomally
normal (50).
VOL. 115 NO. 2 / FEBRUARY 2021
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Scientific studies on the safety of IVM did not demonstrate an
increase in imprinting errors after IVM (51), and cellular
morphology in IVM oocytes does not differ from in vivo
matured oocytes according to transmission electron micro-
scopy (52). The neonatal health and developmental outcome
of children conceived with the use of IVM has been studied
in small numbers and are thus far reported to be no different
than children born through traditional IVF with or without
ICSI (53–57). However, the relatively small number of
children conceived through IVM compared with IVF limits
the accuracy of malformation and anomaly rates, and
developmental outcomes cannot yet be adequately assessed.
SUMMARY

� Stimulation protocols with no FSH or short FSH stimula-
tion, followed by hCG priming of intermediate follicles or
no hCG, can be successfully used to retrieve oocytes for
clinical human IVM. Most recent work in this area has
focused on a 3-day stimulation with FSH, with or without
hCG administration, and retrieval of oocytes from small
follicles. In studies that manipulate the timing of meiotic
maturation in vitro to improve oocyte competence, only
FSH is used.

� A high level of attrition from oocyte to blastocyst is
observed in IVM, owing in large part to suboptimal nuclear
and cytoplasmic maturation. There is a clear need for more
research in this area to increase the efficiency of IVM for
clinical application.

� The use of ICSI is typically, but not always, combined with
the use of IVM. At this time, vitrification of immature oo-
cytes is not recommended owing to reports of poor
outcomes.

� Because a relatively small number of children have been
conceived with the use of IVM, information on the safety
of IVM regarding malformation and developmental out-
comes cannot yet be fully assessed. However, initial studies
are reassuring.
CONCLUSIONS

� Candidates for IVM may include women at risk for OHSS,
including women with PCOS or PCO-like ovaries. Efficacy
of IVM in the context of estrogen-sensitive cancers, or in
womenwith limited time for initiating fertility preservation
before undergoing potentially gonadotoxic cancer treat-
ments, is still not clear.

� IVM provides an alternate treatment protocol for these
groups of women, with reduced patient burden due to
shorter stimulation cycles, fewer injections, and associated
reduced drug and monitoring costs.

� IVM should be offered by those with expertise gained by
specific training, and should always be accompanied by
appropriate counseling about expected results and
informed consent. This technology is no longer considered
experimental.
VOL. 115 NO. 2 / FEBRUARY 2021
� IVM is not applicable to every patient; only those with a
high AFC are good candidates. However, at this time, pa-
tients should be made aware that blastocyst conversion is
lower and that implantation and pregnancy rates may be
reduced compared with conventional IVF.

� Large trials comparing clinical outcomes of promising
newer methods of IVM versus standard IVF, as well as
long-term follow-up studies of neonatal health and devel-
opmental outcomes of offspring, are necessary.

Acknowledgments: This report was developed under the
direction of the Practice Committees of the American Society
for Reproductive Medicine (ASRM), Society for Assisted
Reproductive Technology (SART), and Society of Reproduc-
tive Biologists and Technologists (SRBT) as a service to its
members and other practicing clinicians. Although this docu-
ment reflects appropriate management of a problem encoun-
tered in the practice of reproductive medicine, it is not
intended to be the only approved standard of practice or to
dictate an exclusive course of treatment. Other plans of man-
agement may be appropriate, taking into account the needs of
the individual patient, available resources, and institutional
or clinical practice limitations. The Practice Committees of
ASRM, SART, and SRBT and the Board of Directors of the
American Society for Reproductive Medicine have approved
this report.

This document was reviewed by ASRM members, and
their input was considered in the preparation of the final
document. The following members of the ASRM Practice
Committee participated in the development of this document:
Alan Penzias, M.D., Ricardo Azziz, M.D., M.P.H., M.B.A., Kris-
tin Bendikson, M.D., Tommaso Falcone, M.D., Karl Hansen,
M.D., Ph.D., Micah Hill, D.O., William Hurd, M.D., M.P.H.,
Sangita Jindal, Ph.D., Suleena Kalra, M.D., M.S.C.E., Jennifer
Mersereau, M.D., Catherine Racowsky, Ph.D., Robert Rebar,
M.D., Richard Reindollar, M.D., Chevis N. Shannon, Dr.P.H.,
M.P.H., M.B.A., Anne Steiner, M.D., M.P.H., Dale Stovall,
M.D., Cigdem Tanrikut, M.D., Hugh Taylor, M.D., and Belinda
Yauger, M.D. The Practice Committee acknowledges the spe-
cial contribution of Rebecca Krisher, Ph.D., Ali Ahmady,
Ph.D., Robert Gilchrist, D.Sc.Agr. F.S.R.B.; and Johan Smitz,
M.D., Ph.D., in the preparation of this document. All Commit-
tee members disclosed commercial and financial relationships
with manufacturers or distributors of goods or services used
to treat patients. Members of the Committee who were found
to have conflicts of interest based on the relationships dis-
closed did not participate in the discussion or development
of this document.
REFERENCES
1. Cha KY, Chian RC. Maturation in vitro of immature human oocytes for clin-

ical use. Hum Reprod Update 1998;4:103–20.
2. Russell JB, Knezevich KM, Fabian KF, Dickson JA. Unstimulated immature

oocyte retrieval: early versus midfollicular endometrial priming. Fertil Steril
1997;67:616–620.6.

3. Edwards RG. Maturation in vitro of human ovarian oocytes. Lancet 1965;
286:926–9.

4. Baker SJ, Spears N. The role of intra-ovarian interactions in the regulation of
follicular dominance. Hum Reprod Update 1999;5:153–65.
301

http://refhub.elsevier.com/S0015-0282(20)32686-8/sref1
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref1
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref2
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref2
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref2
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref3
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref3
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref4
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref4


ASRM PAGES
5. Son W-Y, Tan SL. Laboratory and embryological aspects of hCG-primed
in vitro maturation cycles for patients with polycystic ovaries. Human Reprod
2010;16:675–89.

6. DeVosM, Smitz J, Thompson JG, Gilchrist RB. The definition of IVM is clear—
variations need defining. Hum Reprod 2016;31:2411–5.

7. Yang Z-Y, Chian R-C. Development of in vitro maturation techniques for
clinical applications. Fertil Steril 2017;108:577–84.

8. Chian RC, Buckett WM, Too LL, Tan SL. Pregnancies resulting from in vitro
matured oocytes retrieved from patients with polycystic ovary syndrome af-
ter priming with human chorionic gonadotropin. Fertil Steril 1999;72:
639–42.

9. Wynn P, Picton HM, Krapez JA, Rutherford AJ, Balen AH, Gosden RJ. Pre-
treatment with follicle stimulating hormone promotes the numbers of hu-
man oocytes reaching metaphase II by in vitro maturation. Hum Reprod
1998;13:3132–8.

10. Fadini R, del Canto MB, Renzini MM, Brambillasca F, Comi R, Fumagalli D,
et al. Effect of different gonadotrophin priming on IVM of oocytes from
women with normal ovaries: a prospective randomized study. Reprod Bio-
med Online 2009;19:343–51.

11. Sacha CR, Kaser DJ, Farland LV, Srouji S, Missmer SA, Racowsky C. The effect
of short-term exposure of cumulus-oocyte complexes to in vitro maturation
medium on yield of mature oocytes and usable embryos in stimulated cycles.
J Assist Reprod Genet 2018;35:841–9.

12. Gilchrist RB, Nayudu PL, Nowshari MA, Hodges JK. Meiotic competence of
marmoset monkey oocytes is related to follicle size and oocyte-somatic
cell associations. Biol Reprod 1995;52:1234–43.

13. Durinzi KL, Saniga EM, Lanzendorf SE. The relationship between size and
maturation in vitro in the unstimulated human oocyte. Fertil Steril 1995;
63:404–6.

14. Cavilla JL, Kennedy CR, Byskov AG, Hartshorne GM. Human immature oo-
cytes grow during culture for IVM. Hum Reprod 2008;23:37–45.

15. S�anchez F, Romero S, de Vos M, Verheyen G, Smitz J. Human cumulus-
enclosed germinal vesicle oocytes from early antral follicles reveal heteroge-
neous cellular and molecular features associated with in vitro maturation ca-
pacity. Hum Reprod 2015;30:1396–409.

16. Brown HM, Dunning KR, Sutton-McDowall M, Gilchrist RB, Thompson JG,
Russell DL. Failure to launch: aberrant cumulus gene expression during
oocyte in vitro maturation. Reproduction 2017;153:R109–20.

17. Moor RM, Dai Y, Lee C, Fulka J Jr. Oocyte maturation and embryonic failure.
Hum Reprod Update 1998;4:223–36.

18. Chian RC, Buckett WM, Tan SL. In-vitro maturation of human oocytes. Re-
prod Biomed Online 2004;8:148–66.

19. Borghol N, Lornage J, Blachere T, Garret SA, Lefevre A. Epigenetic status of
the H19 locus in human oocytes following in vitro maturation. Genomics
2006;87:417–26.

20. Bromfield J, Messamore W, Albertini DF. Epigenetic regulation during
mammalian oogenesis. Reprod Fert and Develop 2008;20:74–80.

21. Saenz-de-Juano MD, Ivanova E, Romero S, Lolicato F, S�anchez F, van
Ranst H, et al. DNA methylation and mRNA expression of imprinted genes
in blastocysts derived from an improved in vitro maturation method for oo-
cytes from small antral follicles in polycystic ovary syndrome patients. Hum
Reprod 2019;34:1640–9.

22. Chian R-C, Uzelac PS, Nargund G. In vitro maturation of human immature
oocytes for fertility preservation. Fertil Steril 2013;99:1173–81.

23. Grynberg M, El Hachem H, de Bantel A, Benard J, le Parco S, Fanchin R.
In vitro maturation of oocytes: uncommon indications. Fertil Steril 2013;
99:1182–8.

24. Galv~ao A, Segers I, Smitz J, Tournaye H, de VosM. In vitro maturation (IVM) of
oocytes in patientswith resistant ovarysyndromeand in patientswith repeated
deficient oocyte maturation. J Assist Reprod Genet 2018;35:2161–71.

25. Cha KY, Han SY, Chung HM, CHoi DH, Lim JM, Lee WS, et al. Pregnancies
and deliveries after in vitro maturation culture followed by in vitro fertiliza-
tion and embryo transfer without stimulation in women with polycystic
ovary syndrome. Fertil Steril 2000;73:978–83.

26. Child TJ, Abdul-Jalil AK, Gulekli B, Tan SL. In vitro maturation and fertiliza-
tion of oocytes from unstimulated normal ovaries, polycystic ovaries, and
women with polycystic ovarian syndrome. Fertil Steril 2001;76:936–42.
302
27. Soderstrom-Antilla V, Makinen S, Tuuri T, Suikkari AM. Favourable preg-
nancy results with insemination of in vitro matured oocytes from unstimu-
lated patients. Hum Reprod 2005;20:1534–40.

28. Walls ML, Hunter T, Ryan JP, Keelan JA, Nathan E, Hart RJ. In vitro matura-
tion as an alternative to standard in vitro fertilization for patients diagnosed
with polycystic ovaries: a comparative analysis of fresh, frozen and cumula-
tive cycle outcomes. Hum Reprod 2015;30:88–96.

29. Ho VNA, Bram SC, Pham TD, Mol BW, Vuong LN. The effectiveness and
safety of in vitro maturation of oocytes versus in vitro fertilization in women
with a high antral follicle count. Hum Reprod 2019;34:1055–64.

30. Mikkelsen AL, Smith SD, Lindenberg S. In-vitro maturation of human oo-
cytes from regularly menstruating women may be successful without follicle
stimulating hormone priming. Hum Reprod 1999;14:1847–51.

31. Yoon HG, Yoon SH, Son WY, Lee SW, Park SP, Im KS, et al. Pregnancies re-
sulting from in vitro matured oocytes collected from women with regular
menstrual cycle. J Assist Reprod Genet 2001;18:325–9.

32. Ho VNA, Pham TD, Le AH, Ho TM, Vuong LN. Live birth rate after human
chorionic gonadotropin priming in vitro maturation in women with polycy-
stic ovarian syndrome. J Ovarian Res 2018;11:70.

33. de Vos M, Ortega-Hrepick C, Albuz FK, Guzman L, Polyzos NP, Smitz J, et al.
Clinical outcome of non-hCG primed oocyte in vitro maturation treatment in
patients with polycystic ovaries and polycystic ovarian syndrome. Fertil Steril
2011;96:860–4.

34. Guzman L, Ortega-Hrepich C, Albuz FK, Verheyen G, Devroey P, Smitz J,
et al. Developmental capacity of in vitro matured human oocytes retrieved
from polycystic ovary syndrome ovaries containing no follicles larger than
6 mm. Fertil Steril 2012;98:503–7.

35. Ortega-Hrepich C, Stoop D, Guzman L, van Landuyt L, Tournaye H, Smitz J,
et al. A ‘‘freeze all’’ embryo strategy after in vitro maturation: a novel
approach in women with polycystic ovary syndrome. Fertil Steril 2013;
100:1002–7.

36. Grynberg M, Poulain M, le Parco S, Sifer C, Fanchin R, Frydman N. Similar
in vitro maturation rates of oocytes retrieved during the follicular or luteal
phase offer flexible options for urgent fertility preservation in breast cancer
patients. Hum Reprod 2016;31:623–9.

37. Cohen Y, St-Onge-St-Hilaire A, Tannus S, Younes G, Dahan MH, Buckett W,
Son W-Y. Decreased pregnancy and live birth rates after vitrification of
in vitro matured oocytes. J Assist Reprod Genet 2018;35:1683–9.

38. Kedem A, Yerushalmi GM, Brengauz M, Raanani H, Orvieto R, Hourvitz A,
Meirow M. Outcome of immature oocytes collection of 119 cancer patients
during ovarian tissue harvesting for fertility preservation. J Assist Reprod
Genet 2018;35:851–6.

39. Karavani G, Schachter-Safrai N, Revel A, Mordechai-Daniel A, Bauman D,
Imbar T. In vitro maturation rates in young premenarche patients. Fertil Steril
2019;112:315–22.

40. Hart RJ. Optimizing the opportunity for female fertility preservation in a
limited time-frame for patients with cancer using in vitro maturation and
ovarian tissue cryopreservation. Fertil Steril 2019;111:258–9.

41. Sermondade N, Sonigo C, Sifer C, Valtat S, Ziol M, Eustache F, Grynberg M.
Serum antim€ullerian hormone is associated with the number of oocytes
matured in vitro and with primordial follicle density in candidates for fertility
preservation. Fertil Steril 2019;111:357–61.

42. Cobo AC, Requena A, Neuspiller F, Aragones M, Mercader A, Navarro J,
et al. Maturation in vitro of human oocytes from unstimulated cycles: selec-
tion of the optimal day for ovum retrieval based on follicular size. Hum Re-
prod 1999;14:1864–8.

43. Jurema M, Noguiera D. In vitro maturation of human oocytes for assisted
reproduction. Fertil Steril 2006;86:1277–91.

44. Shirasawa H, Terada Y. In vitro maturation of human immature oocytes for
fertility preservation and research material. Reprod Med Biol 2017;16:258–
67.

45. Hashimoto S, Fukuda A, Murata Y, Kikkawa M, Oku H, Kanaya H, et al. Ef-
fect of aspiration vacuum on the developmental competence of immature
human oocytes retrieved using a 20-gauge needle. Reprod Biomed Online
2007;14:444–9.

46. Sanchez F, Lolicato F, Romero S, de Vos M, Van Ranst H, Verheyen G, et al.
An improved IVMmethod for cumulus oocyte complexes from small follicles
VOL. 115 NO. 2 / FEBRUARY 2021

http://refhub.elsevier.com/S0015-0282(20)32686-8/sref5
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref5
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref5
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref6
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref6
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref7
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref7
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref8
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref8
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref8
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref8
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref9
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref9
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref9
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref9
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref10
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref10
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref10
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref10
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref11
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref11
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref11
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref11
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref12
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref12
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref12
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref13
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref13
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref13
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref14
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref14
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref15
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref15
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref15
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref15
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref15
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref16
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref16
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref16
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref17
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref17
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref18
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref18
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref19
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref19
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref19
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref20
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref20
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref20
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref21
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref21
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref21
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref21
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref21
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref21
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref22
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref22
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref23
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref23
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref23
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref24
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref24
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref24
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref24
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref25
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref25
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref25
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref25
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref26
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref26
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref26
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref27
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref27
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref27
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref28
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref28
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref28
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref28
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref29
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref29
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref29
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref30
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref30
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref30
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref31
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref31
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref31
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref32
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref32
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref32
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref33
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref33
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref33
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref33
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref34
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref34
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref34
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref34
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref35
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref35
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref35
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref35
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref35
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref35
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref36
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref36
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref36
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref36
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref37
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref37
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref37
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref38
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref38
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref38
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref38
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref39
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref39
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref39
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref40
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref40
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref40
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref41
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref41
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref41
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref41
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref41
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref42
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref42
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref42
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref42
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref43
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref43
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref44
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref44
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref44
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref45
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref45
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref45
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref45
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref46
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref46


Fertility and Sterility®
in polycystic ovary syndrome patients enhances oocyte competence and em-
bryo yield. Hum Reprod 2017;32:2056–68.

47. Spits C, Guzman L,Mertzanidou A, Jacobs K, Ortega-Hrepich C, Gilchrist RB,
Thompson JG, de Vos M, Smitz J, Sermon K. Chromosome constitution of
human embryos generated after in vitro maturation including 3-isobutyl-
1-metylxanthine in the oocyte collection medium. Hum Reprod 2015;30:
653–63.

48. Vuong LN, Le AH, Ho VNA, Pham TD, Sanchez F, Romero S, et al. Live births
after oocyte in vitro maturation with a prematuration step in women with
polycystic ovary syndrome. J Assist Reprod Genet 2020;37:347–57.

49. Walls M, Junk S, Ryan JP, Hart R. IVF versus ICSI for the fertilization of in-vitro
matured human oocytes. Reprod Biomed Online 2012;25:603–7.

50. Escrich L, Galiana Y, Grau N, Insua F, Soler N, Pellicer A, Escrib�a MJ. Do
immature and mature sibling oocytes recovered from stimulated cycles
have the same reproductive potential? Reprod Biomed Online 2018;37:
667–76.

51. Kuhtz J, Romero S, de Vos M, Smitz J, Haaf T, Anckaert E. Human
in vitro oocyte maturation is not associated with increased imprinting
error rates at LIT1, SNRPN, PEG3 and GTL2. Hum Reprod 2014;29:
1995–2005.
VOL. 115 NO. 2 / FEBRUARY 2021
52. Coticchio G, dal Canto M, Fadini R, Mignini Renzini M, Guglielmo MC,
Miglietta S, et al. Ultrastructure of human oocytes after in vitro maturation.
Mol Hum Reprod 2016:110–8.

53. S€oderstr€om-Antilla V, Salokorpi T, Pihlaja M, Serenius-Sirve S, Suikkari AM. Ob-
stetric and perinatal outcome andpreliminary results of development of children
born after in vitro maturation of oocytes. Hum Reprod 2006;21:1508–13.

54. Buckett WM, Chian RC, Holzer H, Dean N, Usher R, Tan SL. Obstetric out-
comes and congenital abnormalities after in vitro maturation, in vitro fertil-
ization, and intracytoplasmic sperm injection. Obstet Gynecol 2007;110:
885–91.

55. Roesner S, von Wolff M, Elsaesser M, Roesner K, Reuner G, Pietz J, et al.
Two-year development of children conceinved by IVM: a prospective
controlled single-blinded study. Hum Reprod 2017;32:1341–50.

56. Mostinckx L, Segers I, Belva F, Buyl R, Santos-Ribeiro S, Blockeel C, et al. Ob-
stetric and neonatal outcome of ART in patients with polycystic ovary syn-
drome: IVM of oocytes versus controlled ovarian stimulation. Hum Reprod
2019;34:1595–607.

57. Yu EJ, Yoon TK, Lee WS, Park EA, Heo JY, Ko YK, Kim K. Obstetrical,
neonatal, and long-term outcomes of children conceived from in vitro
matured oocytes. Fertil Steril 2019;112:691–9.
303

http://refhub.elsevier.com/S0015-0282(20)32686-8/sref46
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref46
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref47
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref47
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref47
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref47
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref47
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref48
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref48
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref48
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref49
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref49
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref50
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref50
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref50
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref50
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref50
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref51
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref51
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref51
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref51
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref52
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref52
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref52
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref53
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref53
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref53
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref53
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref53
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref54
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref54
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref54
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref54
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref55
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref55
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref55
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref56
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref56
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref56
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref56
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref57
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref57
http://refhub.elsevier.com/S0015-0282(20)32686-8/sref57
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Maduraci�on in vitro: opini�on de un comit�e.

Los resultados de las investigaciones en maduraci�on in vitro (MIV) sugieren la posibilidad de una aplicaci�on clínica m�as amplia. Este
documento analiza la eficacia de MIV seg�un lo informado en la literatura publicada hasta la fecha. Este documento reemplaza al doc-
umento del mismo nombre, publicado por �ultima vez en 2013.
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